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PREFACE 

 

After decades of writing legal articles, I feel the urge to retrieve my previous academic life 

in Philosophy, especially in the areas of logic, ethics and technology.  My interest in 

technology was reignited recently by the widespread national conversation about the 

pandemic and the implications of the introduction of a new generation of vaccines, namely 

ones that use mRNA technology. 

As a result, I decided to dust off a collection of articles about technology in various fields 

that I published previously and used as a textbook for my classes on the philosophy of 

technology at Texas A&M University.  While this collection is now decades old, it 

nevertheless includes important insights, whether theoretical or practical.  I am hoping that 

the reader can use them as a stepping stone into further discussion about today’s 

challenges.  It is my opinion that a historical depth to one’s thought enriches it. 

I would like to thank my colleague Professor Fabrizio Conti, at John Cabot University, 

Rome, Italy, for encouraging me in this new direction, and inviting me to virtually attend a 

most fascinating lecture entitled “Leibnitz’ Teleology or a Prehistory of Cybernetics” by 

Professor Brunella Antomarini.   This insightful lecture opened for me new avenues of 

thinking that I hope to address after completing my pending manuscripts in law. 

I would like also to thank all those who helped me over the years in advancing my thinking 

and interest in this area, including Professor Larry Hickman who enthusiastically introduced 

me to this field and co-edited with me a volume on the topic.  This e-book is an edited 

selection of my contributions to that volume. 

Finally, I cannot but thank all those who helped me in the technical preparation of this e-

book.  Special thanks go to my husband for his consistent readiness to solve whatever 

computer challenges I faced at any time of the day or night.  Additional thanks are due for 

his patience in listening to my unending ideas on technology, and a host of other subjects. 
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Part One 

COMMENT:  The Dilemma of 
Technology 

      As a child growing up in Beirut, Lebanon, I was fascinated by the legend of how the Tyrian purple 
color was discovered and produced by the Phoenicians around 14th century B.C.E. The old city of 
Tyre was after all  less than two hours’ drive from Beirut, and its ancient history overwhelmed my 
imagination.  Yet, one particular story stuck in my mind. My teacher told us that the king of Tyre and his 
queen took a stroll on the shores of Tyre with their dog.   The dog strayed away from the couple only 
to come back with bright red-purple lips. The color was so stunning that the queen wanted her finest 
clothes to be made in that color. 
      This started a frantic search by her entourage to discover what made the lips of the royal dog turn 
into red-purple. The culprit, it turned out, was a Murex shellfish eaten by the dog. The talented Tyrians 
quickly figured out how to extract the dye from the shellfish, and the queen finally had her wish: clothes 
in what came to be known as the royal purple color.  Thus, this romantic story had a happy ending. 
The queen got her wish, the   king was happy, the dog had fun, and the world discovered a beautiful 
color as a result of this legendary stroll. 
      Years later, I came across the same story discussed in some detail from a historical perspective. 
According to this version, to replicate the red-purple color from seashells, the workers had to develop a 
complicated process that involved extracting the dye from the glands of thousands of Murex shellfish, 
devise a method to treat it, and then use it to dye cloth fibers. 
      Part of the treatment required leaving the crushed shellfish a long time baking in the sun. The stench 
of the process was so strong that it affected Tyre’s surrounding environment.  Furthermore, it took 10,000 
shellfish to produce one gram of the dye. As a result, the dye was worth more than its weight in gold. 
Nevertheless, the nobility and elites of the Mediterranean basin generated so much demand for the royal 
purple color  that the Murex shells became almost extinct. 
      This story leads us to the persistent question: Is technique/technology good or bad? Is it a blessing 
to humanity or a Frankenstein monster gone wild? As recently as the pandemic year 2020, both fear 
and hope gripped the world population. Would the vaccines save humanity from the pandemic, or would 
those vaccines using novel methods result in greater damage to the human body, and ultimately to 
humanity?  Simultaneously, conspiracy theories multiplied, reflecting a level of mistrust by the people 
of the decision makers.  
      Part I of this book provides a broad range of views about technology coming from multiple disciplines. 
While the articles belong to the past century, they are valuable insofar as they provide a foundation for 
today’s discussions. They also reflect the complexity of the question posed, and the diversity of 
approaches and conclusions. Some articles are quite prescient about developments in this century. 
Given recent advances in biomedical and digital technology, it is not too absurd to conclude that 
humanity is at the verge of a radical transformation that may change its very nature and blur the line 
between homo faber and homo fabricatus. 
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SOME SALIENT VIEWS ON TECHNOLOGY

Toward a philosophy of technology 
HANS JONAS 

■ Hans Jonas ll'll.1· born i11 /903 in Mii11che11g/(/(/lmch. Gen11ll11y. lllld 11101·ed w the United States i11 1955. fie is a 

historian o(phi/osophy 1111d religion, with special interest i11 the a11cie111 a11d 111ediernl periods. H,, is ai.1-o i11tNested 
i11 the areas ,!f'tt'Ch110/ogy and ethics, m1tl i11 the philosopi,_1• ,�(orw111i.rn1. /-le is presently the Alvin Joh11.rn11 Prri/i-ssor 

of' Philo.rnphy E111eri111s, Gr{l{fllllte Faculty, New Sclwolji,r Social Re.,·ellrch, Ne11 1 York City. This article is 1u/11pted 
Ji·o,11 Jonas' prese111a1;,u, 011 the occn\·io11 rf his accepting the second /-Je11ry Knowle.,· Beecher a1wll'd, given hy the 
l11sti1111e o/Societv, L'thics /1111I the /.i/'e Scie11cesfri1' lifeti111e co111ri/)l(ti"11,r 10 ethics a11d the lifi- sciences. A111011g his 
,vork.,· lire The Phenomenon of Life lllld Philosophical Essays. 

/11 thi.v article Jo1111s dt'./i-11ds the 111'edji1r a philosophv oftec/1110/ogv. Tl'Cl11wlogv, he rnv.1·, /111.r /1<,,·011w · 'the/iJl'lli 

./i1<·11!f'111odem lifi'.'' and he gives .wriki11g e.rn111ple.1· of1h111Ji1ct. Jonas 0111/i11e.r 1/11·ff themes ofi111eres1 to 11 phi/omphy 

of' tec/11,0/ogy. The ji,·st is 1l1e formal dy11ll111ics of' tec/1110/ogy, 11,hich "ad1·111u-e.1· l,v its 01v11 'lmv.1· o( 11101io11'. · · This, 
to;:ether 1vith his t1.\'St•rtio11.,· rlwt '·1ec/11w/ogy dm11i11a1e.,· our lives'' and · 'technology ix destiny,'' place.\· Jonas 011 the 

side r!
(
U/11/ ill the ;1111011"11101,s '/'ech110/ogy De/J(lf1' (seeJi1llo1vi11g llrticle, 1111d 11/so Pllrt Thrt't'). 'f'l,e .l"l'CtJlld 1/w111e i.,· 

the subsrnntivc co11fl'III ,,/ 11•1·/111<1/ligy-1!,e things tech1111/ogy p111.1· into /111111a11 11.,·e, till' p111v,,r.1' it co11/i'r.l', and the 

obiective.1· it 11111kes p11.1·sible or 11eces.wn·. 'fill' third i.r the moral theme, 11•/,il'h pertllim to l1111111111 re.1·po11.1·i/Jilities i11 the 

ji1ce of 1ec/11w/11girnl progress. 'f'"'o s11/ie111 points ll/J/li'llr i11 the di.ff11.1·.l'i1111 o/ these tht'llll'.I'. 'J'/1e/ir.1·11·1i111·er11s" trnit 

ofmodent tech110/ogy-11w11ely, the e1·er-<·011ti11ui111-: pnwe.\'.\' offi11i11g ends to 111cmI.,·. This trait i.v critin'::.ed hy lla111wl, 

Arendt i11 '·111.,·,n11111'111/a/;ry and Homo Faber'' (s<'l! Parr 'f'hree ). "/1,e .n�co11d point co11cen1.\· the dialectic relation /Je­
tweeJJ science and technology. 

Arc there philosophical aspects to technol­
ogy? Of course there arc, as there arc to al I 
things of' importance in human endeavor and 
destiny. Modern technology touches on almost 
everything vital to man's existence-material, 
mental, and spiritual. Indeed, what of man is 
1101 involved? The way he lives his life and 
looks at objects, his intercourse with the world 
and with his peers, his powers and modes of ac­
tion, kinds of goals, states and changes of soci­
ety, objectives and forms of politics (including 
warfare no less than welfare), the sense and 
quality of life, even man's fate and that of his 
environment: all these are involved in the tech-

0 From '/'he /-lasti11g.1· CC'llter 1?1p11rt, 9, No. I ( 1979). 
34-43. © lnstitul<! of Soci.:ty. Llthics and the Lik Sci­
cnc.:s, 360 Uroaclway. Hastings-on-Hudson. N.Y. 10706. 
Reprinted by permission. 

nological enterprise as it extends in magnitude 
and depth. The mere 
staggering host of 
themes. 

enumeration suggests a 
potentially philosophic 

To put it bluntly: if there is a philosophy or 
science, language, history, and art; if there is 
social, political, and moral philosophy; philos­
ophy of thought and of action. of reason and 
passion, of decision and value-all facets of the 
inclusive philosophy of man-how then could 
there not be a philosophy of technology, the fo­
cal fact of modern life? And at that a philosophy 
so spacious that it can house portions from al I 
the other branches of philosophy? It is almost a 
truism, but at the same time so immense a prop­
osition that its challenge staggers the mind. 
Economy and modesty require that we select, 
for a beginning, the most obvious from the rnul-
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 SOM!-. SAI.IENT VILWS ON ·1 l:CIINOI.OGY 

titudc of aspects that invite philosophical ,lltcn­
tion. 

The 010 but uscrul distinction of "form" and 
"matter" allows us to distinguish between 
these two major themes: (I) thcfomw/ dy11a111-
ics of technology as a continuing collective en­
terprise, which advances by its own "laws of 
motion"; and (2) the .rnh.1·1011tii·e co11te111 of 
technology in terms of the things it puts into 
human use, the powers it confers, the novel ob­
jectives it opens up or dictates, and the altered 
manner of human action by which these objec­
tives arc realized. 

The first theme considers technology as an 
abstract whole of movement; the second consid­
ers its concrete uses and their impact on our 
world and our lives. The formal approach will 
try to grasp the pervasive "process properties" 
by which modern technology propels itself­
through our agency, to be sure-into ever-suc­
ceeding and supcrceding novelty. The material 
approach will look at the species of novelties 
themselves, their taxonomy, as it were, and try 
to make out how the world furnished with them 
looks. A third, overarching theme is the 11wraf 
side or technology as a burden on human re­
sponsibility, especially its long-term effects on 
the global condition of man and environment. 
This-my own main preoccupation over the 
past years-will only be touched upon. 

I. TIIE FORMAL DYNAMICS OF

TECHNOLOGY 

First some observations about technology's 
form as an abstract whole or movement. We 
arc concerned with characteristics of 11rodem 
technology and tllcreforc ask first what distin­
guishes it fomw{{y from all previous technol­
ogy. One major distinction is that modern tech­
nology is an enterprise and process. whereas 
earlier technology was a possession and a state. 
If we roughly describe technology as compris­
ing the use or artificial implements for the busi­
ness or life, together with their original inven­
tion, improvement, and occasional additions, 
such a tranquil description will do for most of 
technology through mankind's career (with 
which it is coeval), but not for modern technol­
ogy. In the past, generally speaking, a given 
inventory of tools and procedures used to be 
fairly constant, tending toward a mutually ad­
justinf,, stable equilibrium of ends and means, 
which-once established-represented for 
lengthy periods an unchallenged optimum of 
technical competence. 

To he sure, revolutions occurred, but more 
by accident than by design. The agricultural 
revolution, the metallurgical revolution that led 
from the neolithic to the iron age, the rise of 
cities, and such developments, hoppened rather 
than were consciously created. Their pace was 
so slow that only in the time-contraction of his­
torical retrospect do they appear to be '·revolu­
tions" (with the misleading connotation that 
their contemporaries experienced them as 
such). Even where the change was sudden, as 
with the introduction first of the chariot, then 
of armed horsemen into warfare-a violent, if 
short-lived, revolution indeed-the innovation 
did not originate from within the military an 
or the advanced societies that it affected, but 
was thrust on it from outside by the (much less 
civilized) peoples of Central Asia. Instead of 
spreading through the technological universe of 
their time, other technical breakthroughs, like 
Phoenician purple-dying, Byzantine "grcck 
fire," Chinese porcelain and silk, and Dama­
scene steel-tempering, remained jealously 
guarded monopolies or the inventor communi­
ties. Still others, like the hydraulic and steam 
playthings of Alexandrian mechanics, or com­
pass and gunpowder of the Chinese, passed un­
noticed in their serious technological poten­
tials. 1 

On the whole (not counting rare upheavals), 
the great classical civilizations had compara­
tively early reached a point of technological 
saturation-the aforementioned '·optimum" in 
equilibrium of means with acknowledged needs 
and goals-and had little cause later to go be­
yond it. From there on, convention reigned su­
preme. From pottery to monumental architec­
ture, from food growing to shipbuilding, from 
textiles to engines or war, from time measuring 
to stargazing: tools, techniques, and objectives 
remained essentially the same over long times; 
improvements were sporadic and unplanned. 
Progress therefore-if it occurred at all·;'-was 

� Progress did. in rac1. occur even at the heights or cla,,ical 
civilization,. The Roman arch and vault. for example. were 
di,tincl engineering advances over the horizontal entabla­
turc and llat ceiling or Greek (and Egyptian) architecture. 
permitting spanning feats and thereby construction ohjec-
1ivc, not contcmpla1cd before h10nc bridge,. aqueduct>. 
1he va,1 ba1hs and other public halls of Imperial Ro111e). 

Bui rna1erial,. tooh. and teclrniqucs were still the sa111c. the 
role of human labor and crafts remained unaltered. stone­
cu11ing and brickhaking went on as before. /\n cxi,1ing 
1cchnology wa, enlarged in its scope or performance. bul 
non!.! of i1, means or l.!Vl.!ll goul, ,nae.le ohsol!.!tl.!. 
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I N T R O D U C T O R Y  STA T E M E N TS O N  T EC I I N O I .OG Y  

by i nconsp i cuous i ncremen ts to a u n i versa l l y

h igh l evel that st i l l  exc i tes o u r  adm i ra t i on and ,

i n  h i stor ical fact , was more I iab l c to regress ion

thaJ1 to su rpass i ng .  The former at l east  was the

more noted phenomenon , depl ored by the cp i ­

gones w i
_
th a nosta lg ic  remembrance of  a be t ter

past ( as m the dcc l m 1 11g Roman worl d ) . M ore

importan t ,  there was , even i n  the best and most

v igorous t i mes , no proc l a imed ideo of  a fu ture
of con.I·I( I 1 1 1  progress i n  the art s .  Most i mpor­

tant , there was never a del i bcra tc method of
go i ng about i i  l i ke  " research , "  the w i l l i ngness 

to undergo the r i sks  of t ry i ng u northodox path s ,  
exchang i ng i n forma t ion w i d e l y  abou t  t h e  expe­
r ience ,  and so on . Least of  a l l  was there a . .  nal ­
unt l  sc ience ' ' as  a grow i ng body of theory to 
gu ide such sem i theorct i ca l , prepract i ca l act i v i ­
t ies , p l u s  the i r  soc i a l i n s t i t u t iona l i za t i on . I n  
rou t i nes a s  we l l  a s  panop l y  o f  instruments ,  ac­
compl i shed as they were for the purposes they 
served ,  the " art s "  seemed as set t led as those 
purposes themsel ves . *  

Traits of modern technology 

The exact oppos i te of t h i s  p i c!Urc ho ld s  for 
modern tech nol ogy , and t h i s  i s  i t s  fi rs t ph i l o­
soph ica l  aspect . Let u s  beg i n  w i t h  some ma n i ­
fest t ra i t s .  

1 .  Every n ew  s tep i n whatever d i rec t ion of 
whatever technolog i ca l fi e ld  tends 1101 to ap­
proach an equ i l i bri um or sat u ra t ion po i nt in the 
process of f i tt i ng means to ends (nor i s  i t  meant  
to) ,  bu t ,  on the contra ry , to g ive r i se , i f  success­
fu l ,  to fu rther steps i n  a l l k i nds o f  d i rect ion  
and wi th a fl u i d i ty of  the ends  themsel ves .  
"Tends t o "  becomes a compe l l i ng  " i s bound 
io" with any major or  i mportan t  step ( t h i s  
a l most bei ng i t s  cr i ter i on ) ;  and  t he  i n novators 
themse l ves expect , beyond the accomp l i sh ­
ment ,  each t ime , of the i r  immedia te tas k ,  the  
constan t  future repet i t i on  of the i r  i nven t ive  ac­
t i v i ty . 

2 .  Every tech n ica l  i n novat ion i s  sure to 
spread qu ick ly  through the techno l og ica l world 
commun i ty , as a l so do theoret ica l  d i scoveries i n  
the sc i ences .  The spread ing i s  i n  terms of 
know ledge and of pract ica l  adopt i on , the f i rs t  
(and i t s  speed) guaran teed by the u n i versa l  i n ­
tercom mun icat ion  tha t  i s  i t se l f '  part of  the tech -

� one 1 1 1..:. , n i n g  or " c lass ica l " is 1ha 1  1hos..: c i v i l i zat ions 
had somehow i 11 1p l i c i 1 l y  " ddi ncd " 1 he1 1 1sd vcs and ne i t her 
encouraged nor even a l l ow..:d IO pass beyond t he i r  i nna1..: 
1errns . The - more or kss - ach ieved " equ i l ib r i u m "  was 
the ir  very pri,k .  

no log ical comp lex , the second en forced by the  
pressure of compet i t i on . 

3 .  The rel a t ion  of means to ends , s  not u n i ­
l i near b u t  c i rcu l ar .  Fam i l iar  ends of l ong s tand­
i ng may f ind bet ter sat i s fact ion by new tech ­
no log i es whose genes i s  t hey  had  i n sp i red . Bu t  
equa l l y - and i ncreas i ng ly  typ ica l - new tech ­
no log ies may  suggest , create , even  i mpose new 
ends , never before concei ved , s imp ly  by o ffer­
i ng the i r  feas ib i l i t y .  ( Who had ever w i shed to 
have in h i s  l i v i ng room the  Ph i l harmon ic  or­
chestra , or open heart su rgery , or a he l icopter 
defo l i at i ng a V i etnam forest? or to dri n k  h i s  
coffee from a d i sposab le p l ast i c  c up ?  or to have 
art i fi c i a l  insem ina t ion , tes t - tube bab ie s , and 
hos t  pregnanc ies? or to sec c lones of h i mse l f  
and others wa l k i ng abou t? ) Techno l ogy thus 
acids lo the very object ives  of human des i res . 
i n c l ud i ng object i ves for tech nology i t se l f .  The 
l ast poi nt  i nd ica tes the d i a l ect ics or c i rc u l a r i ty
of the case: once i ncorporated i n to the soc io­
econom ic  demand d iet , ends fi rst gra tu i tou s l y
( perhaps acci dental l y) generated by  techno log i ­
c a l  i nven t ion become necess i t i es of l i fe a nd  set
technology the task of further perfect i ng  the
means  of rea l i z i ng them .

4 .  Progress , therefore , i s  not jus t  an i deo l og i ­
cal g loss on modern techno logy , and not at al l a 
mere opt ion offered by i t ,  but an i nherent  dr ive 
which acts  w i l l y- n i l l y i n  the  forma l  automat i c s  
of i t s  111odu.1· opernndi as  i t  i n teracts w i th soc i ­
ety . " Progress" i s  here not a v a l u e  term bu t  
pure l y  descri pt i ve . We may resent the fact and 
desp i se i t s  fru i t s  and yet must go a l ong w i t h  : t ,  
for- short o f  a s top by the f i a t  o f  tot a l  po l i t i ca l 
power ,  or by a sus ta i ned genera l  s tri ke  of i t s  
c l i en t s  or some i n terna l  co l l apse o f' t h e i r  soc i ­
e t ies , o r  b y  se l f-destruc t ion  through i t s  works 
( t he l ast , a l a s ,  the l east u n l i ke ly  of thesc ) - thc 
juggernaut moves on re lent l ess ly ,  spawn i ng i t s  
a l ways mu tated progeny by  cop i ng w i t h  the 
cha l l enges and l u res of the now . But wh i l e  not 
a va lue term , "progress " here i s  not a neutra l  
term e i t her, for wh ich w e  cou ld  s imp ly  subst i ­
tute "change . "  For i t i s  i n  t h e  natu re of  the 
case , or a law of  the serie s ,  that a l a ter  stage is 
a l ways , i n  terms of techno logy i tse l f, s11perior 
to the preced ing  stage . *  Thus  we have here a 
case of the en t ropy-defy i ng sort (organ i c  evo l u ­
t ion i s  another) , where the i n ternal  mot ion of a 
system , le f't to i t se l f  and not i n te rfered w i t h ,  

'' Th i s  on ly  seems 10 h e  but i s  1 101 a va lue s 1a 1..: 1 1 1cn1 . a s  the  
rc lkc1 ion on . for ..:xampl c ,  a n  cv..:r  111ore dcs1 rnc1 ive  a tom 
homh shows . 
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SO M E  SA i . J E NT V I EWS ON T EC I - I N O I .OG Y 

l eads to ever " h igher , "  not " l ower" states of
i t se l f. Such at  l east i s  the presen t  ev idence * I f
Napol eon once sai d ,  " Pol i t i c s  i s  dest i ny , "  we
may wel l say today , "Tech no logy i s  dest i ny . "

These points  go some way to exp l icate the 
i n i t i a l  s tatement that modern techno l ogy , u n l i k e  
t rad i t iona l , i s  an enterpr i se a n d  not a posses­
s i on , a p rocess and not a state , a dynamic thrust  
and not a set  of  imp l ements and sk i l l s . And they 
a l ready adu mbrate cert a i n  " laws of mot i on "  
fo r  t h i s  rest l ess phenomenon . What w e  have de­
scri bed , l et u s remember ,  were forma l  tra i t s  
wh ich  a s  yet say  l i t t l e  abou t t he  con ten ts  of the 
en terpri se . We ask two ques t ions  of th i s  de­
scrip t i ve  p i cture : why is t h i s  so,  that i s , what 
rn11.1·f'.1· the rest l essness of  modern techno logy ;  
wha t  i s  the nat u re of  the thrus t ?  And , wha t  i s  
t h e  ph i l osoph ica l  import o f  t h e  facts s o  e x ­
p l a i ned' /  

The nature of restless technology 

As we wou ld ex pect in such a comp lex phe­
nomenon , the mot i ve forces arc man y ,  and 
some causa l  h i n t s  appeared a l ready in the de­
scri p t ive  accou n t .  We have ment ioned pl'l'ssure 
(Jj' co1 1 1pf'lilio11 - for pro f i t ,  but  a l so for power , 
secu ri ty , and so forth - as one perpetual  mover 
in the u n i versal  appropri at i on of  tech n ica l  i m ­
provemen t s .  I t  i s equa l l y  operat i v e  i n  the i r  
ori g i n at ion , that i s ,  i n  the process of  i nvent ion 
i tsc l  I ' ,  nowadays dq,endent  on constant  ou t s ide 
subs idy and even goa l - set t i ng : potent  i nterests 
sec to both . War , or the threat of i t , has 
proved an espec ia l l y powerfu l agent . The l ess 
dramat i c ,  but no l ess compe l l i n g ,  everyday 
agents  arc leg ion . To keep one ' s  head above the 
water is the i r  common pr inc ip l e  ( somewhat 
paradox ica l , in v i ew of an abu ndance a l ready 
fur su rpass i ng what former ages wou ld  have 
l i ved w i t h  happ i l y  ever after) . Of pressures oth ­
er than the compet i t i ve ones ,  we mus t  ment ion
those of popu l at ion  growth and of i mpend ing
exhaust ion of natura l  resou rces . S i nce both phe­
nomena arc themsel vcs a l ready by-products of
technology ( the fi rs t  by way of med ica l  i m ­
provements , t h e  second b y  t h e  vorac i ty of i n ­
d ustry) , they offer a good example of t he  more
general tru th  that to a cons iderable ex tent tech­
nol ogy i t sel f begets  the prob lems wh ich  i t  i s

* There m a y  conce i vab l y  h e  i n 1 erna l  dcgcncra1 i vc  l'ac 1ors ­
:such a, 1hc overload i ng of f i n i te  i n f'onn:1 1 i on - proccss i ng 
capac i 1y - 1 hat may bri ng 1he (cxponc m i a l ) movcmcnl  10 a 
h a l l  or even mnkc 1hc sys1c 1 1 1  fa l l  apan . We don ' 1  k now yc1 . 

then ca l l ed upon to overcome by a new forward 
jump . (The G reen Revol u t ion and the develop, 
mcnt  of syn thet ic subst i tute materia l s  or of al,  
ternatc sources of energy come u nder th i s  head­
i ng . )  These compu l s i ve  pressures for progress , 
then , wou ld  opera te  even for a tech no logy in a 
noncompet i t i v e ,  for example , a soc ia l i st set, 
t i ng .  

A mot i ve  force more au tonomous and spon­
taneous than these a l most mechanica l pushes 
w i th the i r  " s i n k  or s w i m "  imperat i ve would 
be the pu l l  o f '  the quas i -u top ian vision of an 
ever better l i fe ,  whether vu lgarl y concei ved or 
nob I y .  once techno logy had proved the open­
ended capac i ty  for procur ing the cond i t i ons  for 
i t : perce i ved poss ib i l i ty  whet t i ng the appet ite 
( ' " the Amer ican dream , "  ' ' the revol u t ion of ris­
i ng expectat ion s " ) .  Th i s  l ess pa l pab le  factor i s  
more d i ff i cu l t  to appra i se , bu t  i t s  p l ay ing  ,1 

ro le  i s  u nden i ab le . I ts de l i berate foster ing and 
man ipu l at ion by the dream merchants  of the 
i ndus t r i a l - mercan t i l e  complex i s  yet another 
mat ter and somewhat ta i n t s  the spontane i ty of 
the mot i ve , as i t  a l so degrades the qua l i ty of 
the dream .  It is a l so moot to what extent the v i ­
s ion i t se l f  is po.1·1 hoc rather than a111e hoc , that 
i s ,  i n st i l l ed by the dazz l i n g  feats of a technol og­
i ca l progress  a l ready underway and thus  more a 
response to than a motor of i t .  

G rop i ng i n  these obscu re reg ions o f  mot i va­
t ion , one may as  wel l descend , for an exp l ana­
t ion o l '  the dyna m i sm as such , i n to the  Speng le­
r i an  mys tery of  a " Faust ian  sou l " i n nate in 
Western cu l tu re ,  that dr ives i t , nonra t iona l l y ,  
to i n f i n i te nove l ty and unp l umbed poss i b i l i t ies  
for the ir  own sake;  or i n to the Hc i deggcrian 
depths  of' a fatefu l ,  metaphys ica l  dec i s ion of the 
w i l l  for bou nd l ess power over the world of 
t h i ngs - a  dec is ion equa l l y  pecu l i ar to  the West­
ern m i nd :  specu l at i ve  intu i t ions  wh ich do str ike 
a resonance in u s ,  but  are beyond proof and d i s ­
proof. 

Su rfac i ng once more , we may a l so l ook at 
the very sober, fu nct iona l  fac ts of i ndustrial i sm 
as such , of product i on and d i stribu t ion , ou tput 
max i m izat i on ,  manager ia l  and l abor aspects , 
wh ich  even apart from compet i t i ve pressure 
prov ide the i r  own i ncent i ves for techn ica l  prog ­
ress . S i m i l ar observat ions  app ly  to the requ ire­
ments of mle or control in the vast and popu lous 
s tates of our t ime,  those g i ant  territor i a l  super­
organ i sms  wh ich  for the i r  very cohes ion depend 
on advanced technology (for example ,  in i n for­
mat ion , com m u n icat ion , and transportat i on , not 
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to speak of weaponry) and thus have a stake in 
its promotion: the more so, the more centralized 
they are. This holds for social isl systems no 
less than for free-market societies. May we con­
clude from this that even a communist world 
state, freed from external rivals as well as from 
internal free-market competition, might still 
have to push technology ahead for purposes of 
control on this colossal scale? Marxism, in any 
case, has its own inbuilt commitment to tech­
nological progress beyond necessity. But even 
disregarding all dynamics of these conjectural 
kinds, the most monolithic case imaginable 
would, at any rate, still be exposed to those 
noncompetitive, natural pressures like popula­
tion growth and dwindling resources that beset 
industrialism as such. Thus, it seems, the com­
pulsive element of technological progress may 
not be bound to its original breeding ground, 
the capitalist system. Perhaps the odds for an 
eventual stabilization look somewhat better in a 
socialist system, provided it is worldwide-and 
possibly totalitarian in the bargain. As it is, 
the plural ism we are thankful for ensures the 
constancy of compulsive advance. 

We could go on unravelling the causal skein 
and would be sure to find many more strands. 
But none nor all of them, much as they explain, 
would go to the heart of the matter. For all of 
them have one premise in common without 
which they could not operate for long: the prem­
ise that there rn11 be indefinite progress be­
cause there is always something new and better 
to find. The, by no means obvious, givenness 
of this objective condition is also the pragmatic 
conviction of the performers in the technologi­
cal drama; but without its being true, the con­
viction would help as little as the dream of the 
alchemists. Unlike theirs, it is backed up by an 
impressive record of past successes, and for 
many this is sufficient ground for their belief. 
(Perhaps holding or not holding it docs not even 
greatly matter.) What makes it more than a san­
guine belief, however, is an underlying and 
well-grounded, theoretical view of the nature of 
things and of human cognition, according to 
which they do not set a limit to novelty of dis­
covery and invention, indeed, that they of them­
selves will at each point offer another opening 
for the as yet unknown and undone. The corol­
lary conviction, then, is that a technology tai­
lored to a nature and to a knowledge of this in­
definite potential ensures its indefinitely con­
tinued conversion into the practical powers, 

each step of it begetting the next, with never a 
cutoff from internal exhaustion of possibilities. 

Only habituation dulls our wonder at this 
wholly unprecedented belief in virtual '"infin­
ity.'' And by all our present comprehension of 
reality, the belief is most likely true-at least 
enough of it to keep the road for innovative 
technology in the wake of advancing science 
open for a long time ahead. Unless we under­
stand this ontologic-cpistomological premise, 
we have not understood the inmost agent of 
technological dynamics, on which the working 
of all the adventitious causal factors is contin­
gent in the long run. 

Let us remember that the virtual infinitude of 
advance we here seek to explain is in essence 
different from the always avowed perfectibility 
or every human accomplishment. Even the un­
disputed master of his craft always had to admit 
as possible that he might be surpassed in skill or 
tools or materials; and no excellence or product 
ever foreclosed that it might still be bettered, 
just as today's champion runner must know that 
his time may one day be beaten. Uut these arc 
improvements within a given genus. not dif­
ferent in kind from what went before, and they 
must accrue in diminishing fractions. Clearly, 
the phenomenon of an exponentially growing 
generic innovation is qualitatively different. 

Science as a source of restlessness 

The answer I ies in the interaction or science 
and 1ech110/ogy that is the hallmark or modern 
progress, and thus ultimately in the kind or na­
ture which modern science progressively dis­
closes. For it is here, in the movement ork1101vl­

edge, where relevant novelty first and constant­
ly occurs. This is itself a novelty. To Newto­
nian physics, nature appeared simple, almost 
crude, running its show with a few kinds of 
basic entities and forces by a few universal 
laws, and the application of those well-known 
laws to an ever greater variety or composite 
phenomena promised ever widening knowledge 
indeed, but no real surprises. Since the mid­
nineteenth century, this minimalistic and some­
how finished picture of nature has changed with 
breathtaking acceleration. In a reciprocal inter­
play with the growing subtlety of exploration 
(instrumental and conceptual), nature itself 
stands forth as ever more subtle. The progress 
of probing makes the object grow richer in 
modes or operation, not sparer as classical me­
chanics had expected. And instead of narrowing 
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the margin of the still-undiscovered, science 
now surprises itself with unlocking dimension 
after dimension of new depths. The very es­
sence of matter has turned from a blunt, irre­
ducible ultimate to an always reopened chal­
lenge for further penetration. No one can say 
whether this will go on forever, but a suspicion 
of intrinsic infinity in the very being or things 
obtrudes itself and therewith an anticipation of 
unending inquiry of the sort where succeeding 
steps will not find the same old story again 
(Descartes' "matter in motion"), but always 
add new twists to it. If then the art of technolo­
gy is correlative to the knowledge of nature, 
technology too acquires from this source that 
potential of infinity for its innovative advance. 

But it is not just that indefinite scientific prog­
ress offers the option of indefinite technological 
progress, to be exercised or not as other inter­
ests sec lit. Rather the cognitive process itself" 
moves by interaction with the technological, 
and in the most internally vital sense: for its 
own theoreticol purpose, science must generate 
an increasingly sophisticated and physically for­
midable technology as its tool. What it finds 
with this help initiates new departures in the 
practical sphere, and the latter as a whole, that 
is, technology at work provides with its experi­
ences a large-scale laboratory for science again, 
a breeding ground for new questions, and so on 
in an unending cycle. In brief, a mutual feed­
back operates between science and technology; 
each requires and propels the other; and as mat­
ters now stand, they can only live together or 
must die together. For the dynamics of technol­
ogy, with which we are here concerned, this 
means that (all external promptings apart) an 
agent or restlessness is implanted in it by its 
functionally integral bond with science. As 
long, therefore, as the cognitive impulse lasts, 
technology is sure to move ahead with it. The 
cognitive impulse, in its turn, culturally vulner­
able in itself, liable to lag or to grow conserva­
tive with a treasured canon-that theoretical 
cros itself no longer lives on the delicate appe­
tite for truth alone, but is spurred on by its 
hardier offspring, technology, which commu­
nicates to it impulsions from the broadest arena 
of struggling, insistent life. Intellectual curios­
ity is seconded by interminably self-renewing 
practical aim. 

I am conscious of the conjectural character 
of some of these thoughts. The revolutions in 
science over the last fi fly years or so arc a fact, 

and so arc the revolutionary style they imparted 
to technology and the reciprocity between the 
two concurrent streams (nuclear physics is a 
good example). But whether those scientific 
revolutions, which hold primacy in the whole 
syndrome, will be typical for science hence­
forth-something like a law of motion for its 
futurc--or represent only a singular phase in its 
longer run, is unsure. To the extent, then, that 
our forecast of incessant novelty for technology 
was predicated on a guess concerning the future 
of science, even concerning the nature of 
things, it is hypothetical, as such extrapolations 
are bound to be. But even if the recent past did 
not usher in a state of permanent revolution for 
science, and the life of theory �ettles down 
again to a more sedate pace, the scope for tech­
nological innovation will not easily shrink; and 
what may no longer be a revolution in science, 
may still revolutionize our lives in its practical 
impact through technology. "Infinity" being 
too large a word anyway, let us say that present 
signs of potential and of incentives point to an 
indefinite perpetuation and fertility of the tech­
nological momentum. 

The philosophical implications 

It remains to draw philosophical conclusions 
from our findings, at least to pinpoint aspects 
of philosophical interest. Some preceding re­
marks have already been straying into philos­
ophy of science in the technical sense. Of 
broader issues, two will be ample to provide 
food for further thought beyond the limitations 
of this paper. One concerns the status of knowl­
edge in the human scheme, the other the status 
of technology itself as a human goal, or its ten­
dency to become that from being a means, in a 
dialectical inversion of the means-end order it­
self. 

Concerning knowledge, it is obvious that the 
time-honored division of theory and practice 
has vanished for both sides. The thirst for pure 
knowledge may persist undiminished, but the 
involvement of knowing at the heights with 
doing in the lowlands of life, mediated by tech­
nology, has become inextricable; and the aristo­
cratic self-sufficiency of knowing for its own 
(and the knower's) sake has gone. Nobility 
has been exchanged for utility. With the possi­
ble exception of philosophy, which still can do 
with paper and pen and tossing thoughts around 
arnong peers, all knowledge has become thus 
tainted, or elevated if you will, whether utility 
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i s i n tended or no t . The techno log i ca l  synd r ome , 
i n  o ther  wor ds , has  brough t  abou t a t horough 
socializing of the theor e t i ca l  rea l m ,  en l i s t i ng i t  
i n the se r v i ce of  common need . What  u sed t o  
b e  the freest o f  h u ma n  cho ice s ,  an  ex tra v agance 
snatched f rom the p r e�su r e  o f  t he  world - t he 
esoter i c l i fe of though t - has become part o f  t he  
g r eat  pub l i c  p l ay o f  necess i t i es  and  a pr ime 
necess i t y  i n  the ac t i on o f  the  p l ay . ,;, Remotes t  
abs trac t ion  has  become enmeshed w i th  nearest  
c:oncreteness . What t h i s  p ragmat i c  fu nc t i ona l ­
i za t ion  of the  onc:e h ighes t  i nd u l gence i n  i m­
pr act i ca l  pu r su i t s  portends  for the  i mage of  
man , for the  rest r uc t u r i ng  of  a ha l l owed h i er­
archy of v a l ue s ,  for the  idea of " w i sdom , ' '  and 
�o on , i s  s u re l y  a su bject fo r  ph i l osoph ica l  
ponder i n g .  

Concern i n g  tech n o l ogy i t se l f, i t s  ac:tu a l  ro l e 
i n modern l i fe ( as d i s t i nc t  from the  pu re l y  i n ­
s t ru menta l  de f i n i t i on of techno l ogy as s u c h )  has  
made the  re l a t ion  o f  means  and ends  equ i voca l  
a l l  the way u p  from the d a i l y  l i v i ng to  the very 
vocat ion o f man . The re cou l d  be no ques t i on  i n  
for mer  tec h n o l ogy tha t  i t s  ro l e  was tha t  o f  h u m ­
b l e ser v ant - pr i de of workmansh i p  and csthc t i c:  
em be l l i s hmen t  o f  the usefu l  not w i t h s tand i ng .  
The Promethea n  e n terpr i se o f  m odern tech n o l ­
ogy speaks a d i ffr; re n t  la ng u a ge . The word ' ' en ­
terp r i se "  g i ves t h e  c l u e ,  and  i t s  u ne n d i n g n css 
anothe r .  We h a v e  m e n t i oned that the effec t of 
i t s  i n nova t i on s i s d i seq u i l i b ra t i ng rather  t h an  
eq u i l i b ra t i n g  w i t h respec t to t he ba l a nce o f  
wa n t s  a nd s u pp l y , a l way,;  b reed i ng i t s  own  new 
wa n t s . Th i s  i n  i t se l f  com pe l s  t he  con s ta n t  a tten ­
t i on of the bes t  m i nd s , engag i n g  t h e  fu l l  cap i t a l  
o f  h u m an  i n gen u i ty fo r m ee t i ng c h a l l enge a fte r
c:h a ll e n ge a n d  sei z i n g  t h e  n ew c h a n ce s . I t  i s
psych o l og i ca ll y  n a t u ra l  for t h a t  deg ree of  en ­
gage m e n t t o  be i n vested w i t h  th e d i g n i t y o f
do m i n a n t  p u rpo se . N o t on l y d oes t ech n ol ogy
d o m i n a te ou r l i ves i n  fact , i t  nou ri s hes a l so a
bel ief i n  i t s  be i n g  o f  pred o m i na n t  wort h . Th e
sheer gra ndeu r o f  t h e  en terpri se and it s  seem i n g

"' The re is a pa rau ox ical s ide d Tec1 10 lhis change of role, . 
Th at ve ry sc ience wh ic h fo r fe ited its p l ace i n  the doma i n of

le isu re lO b..:co me a hu, y W i ler in the f ie ld of co 11 1 1 no n 
needs . c remes by its to i ls a g row ing doma i n  of le isu re f o r  
the mas�es , who re ap th is w i t h  the other fru its of ledrno l­
ogy as an add it i onal ( and n o  lc" novel ) art icle of f'nrccd 
consu mpt i on .  Hence leisu re . fro m a p r iv i lege of' the few .
has bcc om.: a p roblem  f or the man y 10 c o pe with . Sc ience. 
nm id le . p rov ides for the needs of th is iu lcncss 1 0 0: n o
,ma ll  pa n of techno logy i, ,pent on f i ll ing the l e isu re -t ime
gap wh ich techno l,,gy i1,c l f ha, made a fact of l i fe .

i n f i n i ty  i n s p i re e n t h u s i a s m  and f i re a m b i t i on . 
Th u s ,  i n  add i t i on to spa w n i n g  new ends ( worthy 
or fr i vo lou s )  fro m  the mere i nven t ion of  mea n s ,  
techno logy as a grand  ven t u re tends to  c s t a b l  i sh 
i1self" a s  t he  t ranscenden t  end . At least  t he  sug­
gest ion i s  there and  cas t s  i t s  spe l l  on  the  modern 
m i nd .  A t  i t s  most modest . i t  means e l eva t i ng 
ho1110 faher to the essen t i a l  aspect o f  man ;  at i t s  
most ex t ravagan t ,  i t  mea n s  e leva t i ng power t o  
the  pos i t i o n  of h i s  dom i nan t  and i n term i nab le  
goa l . To become ever more masters of the  
worl d .  to advance from power to power .  even i f  
on l y  col l ec t i v e l y  and  perhaps n o  l onger by 
cho ice , rn11 now be seen to  be the c h i e f  voca t ion  
or mank i n d .  S u re l y , t h i s  aga i n  poses ph i l osoph­
i c:a l  ques t i on s  t ha t  may we l l  l ead u n to  the  u n ­
certa i n  g rou nds or metaphys ics o r  of  fa i t h .  

I here b reak o il ,  a rb i t rar i l y ,  t he  forma l  ac­
cou n t  of  the techno log i c a l  movemen t in gener­
a l , wh ich  as  yet  has to l d  u s  l i t t l e  o f  what the 
en terpr i se is about . To t h i s  su bject I now tu rn .  
t ha t  i s .  t o  t he  new k i nds o f  power,; and o bj ec ­
t i ves  t ha t  tec h n o l ogy opens  to modern man and  
the  conseq u e n t l y  a l t e red q u a l i ty of h u m a n  ac­
t i on i t se l f . 

I I .  THE MATERI A L  WORKS 

OF TECHNOLOG Y 

Tec h n o l ogy i s  a spec ies  of powe r ,  and  we 
can ask  q u es t ions  abo u t  how a n d  on  wha t  o bj ect  
any power i s  e x crc: i sed . Adopt i n g  A ri s tot l e ' s  
ru l e  i n  de a1 1 i1110 t ha t  for u n d ers tand i n g  a fac u l t y  
one s h ou l d  beg i n  w i th i t s  o bj ec t s .  we sta rt from 
t hem t oo - " obj ec t s "  mea n i n g  bo t h  t he  v i s i b l e  
1h i1 1 g. 1· t ec h no l ogy genera tes  a nd p u t s  i n t o  h u ­
m a n  u se ,  a n d  t h e  obiec1i 1•e. 1· t h ey se rv e . Th e ob­
j ec t s  o f  m od ern tech n o l ogy a rc f i rs t  every t h i ng 
t h a t  h ad a l ways  bee n a n  o b j ec t  o f  h u ma n  a rt i f i ce 
a nd l a bo r: food . c l ot h i n g ,  s he l ter , i m p l em en t s ,
t ra n spo rta t i o n - a ll t h e  m a te ri a l  n ece s s i t i es a nd
c:om fort s o r  l i fe .  Th e t ec h n o l og i c :a l i n 1 erve n ­
t i on c ha n ged a t  fi rs t not t he prod u c t  bu t i t s  pro­
d u c t ion . i n  speed , ca se , a n d  q u a n t i t y . H oweve r ,  
th i s  i s  t rue on l y  of t he very f i rs t  s ta ge of the 
i nd u st ria l revol u tion w it h  wh ich l arge- sca l e  sc: i ­
c n t i fic tec h nology bega n .  For e x a mp le , the 
c lot h for t he steam -dri ve n l oo m s  of La ncash i re 
re ma i ned the same . Even then . one s i gn i fi ca n t  
new prod u c:t wa s added to the tr ad it iona l  l i st ­
t he mac h i nes the m sel ves , wh ich req u i red an 
en t i re new i ndu stry w it h  fu rt he r su bs id ia ry i n ­
dustries to bu i ld them . These novel ent it ies , 
mach i nes - at fi rs t  cap ital good s on ly ,  not co n ­
su me r goods - had fro m the beg i n n i ng t hei r 
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own impact on man's symbiosis with nature by 
being consumers themselves. For example: 
steam-powered water pumps facilitated coal 
mining, required in turn extra coal for firing 
their boilers, more coal for the foundries and 
forges that made those boilers, more for the 
mining of the requisite iron ore, more for its 
transportation to the foundries, more-both 
coal and iron-for the rails and locomotives 
made in these same foundries, more for the con­
veyance of the foundries' product to the pit­
heads and return, and finaHy more for the dis­
tribution of the more abundant coal to the users 
outside this cycle, among which were increas­
ingly still more machines spawned by the in­
creased availability of coal. Lest it be forgotten 
over this long chain, we have been speaking of 
James Watt's modest steam engine for pump­
ing water, out of mine shafts. This syndrome of 
self-proliferation-by no means a linear chain 
but an intricate web of reciprocity-has been 
part of modern technology ever since. To gen­
eralize, technology exponentially increases 
man's drain on nature's resources (of sub­
stances and of energy), not only through the 
multiplication of the final goods for consump­
tion, but also, and perhaps more so, through 
the production and operation of its own me­
chanical means. And with these means-ma­
chines-it introduced a new category of goods, 
not for consumption, added to the furniture of 
our world. That is, among the objects of tech­
nology a prominent class is that of technological 
apparatus itself. 

Soon other features also changed the initial 
picture of a merely mechanized production of 
familiar commodities. The final products reach­
ing the consumer ceased to be the same, even 
if still serving the same age-old needs; new 
needs, or desires, were added by commodities 
of entirely new kinds which changed the habits 
of life. Of such commodities, machines them­
selves became increasingly part of the consum­
er's daily life to be used directly by himself, 
as an article not of production but of consump­
tion. My survey can be brief as the facts are 
familiar. 

New kinds of commodities 

When I said that the cloth of the mechanized 
looms of Lancashire remained the same, every­
one will have thought of today's synthetic fibre 
textiles for which the statement surely no longer 
holds. This is fairly recent, but the general phe­
nomenon starts much earlier, in the synthetic 

dyes and fertilizers with which the chemical in­
dustry-the first to be wholly a fruit of sci­
ence-began. The original rationale of these 
technological feats was substitution of artificial 
for natural materials (for reasons of scarcity or 
cost), with as nearly as possible the same prop­
erties for effective use. But we need only think 
of plastics to realize that art progressed from 
substitutes to the creation of really new sub­
stances with properties not so found in any 
natural one, raw or processed, thereby also ini­
tiating uses not thought of before and giving rise 
to new classes of objects to serve them. In 
chemical (molecular) engineering, man does 
more than in mechanical (molar) engineering 
which constructs machinery from natural ma­
terials; his intervention is deeper, redesigning 
the infra-patterns of nature, making substances 
to specification by arbitrary disposition of 
molecules. And this, be it noted, is clone clecluc­
tively from the bottom, from the thoroughly 
analyzed last clements, that is, in a real via 
compositiva after the completed via resolutiva, 
very different from the long-known empirical 
practice of coaxing substances into new prop­
erties, as in metal alloys from the bronze age 
on. Artificiality or creative engineering with 
abstract construction invades the heart of mat­
ter. This, in molecular biology, points to fur­
ther, awesome potentialities. 

With the sophistication of molecular alchemy 
we arc ahead of our story. Even in straightfor­
ward hardware engineering, right in the first 
blush of the mechanical revolution, the objects 
of use that came out of the factories did not 
really remain the same, even where the objec­
tives did. Take the old objective of travel. Rail­
roads and ocean liners are relevantly different 
from the stage coach and from the sailing ship, 
not merely in construction and efficiency bur in 
the very feel of the user, making travel a differ­
ent experience altogether, something one may 
do for its own sake. Airplanes, finally, leave 
behind any similarity with former conveyances, 
except the purpose of getting from here to there, 
with no experience of what lies in between. 
And these instrumental objects occupy a promi­
nent, even obtrusive place in our world, far 
beyond anything wagons and boats ever did. 
Also they are constantly subject to improvement 
of design, with obsolescence rather than wear 
determining their life span. 

Or take the oldest, most static of artifacts: 
human habitation. The multistoriecl office build­
ing of steel, concrete, and glass is a qua I itative-
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J y  d i fferen t en t i ty from the wood , br ick , and 
,tone structures or old . W ith a l l  that goes i n to 
i t  bes ides the structures as such - the pl umb i ng 
�nd w i ri ng , the e l evators , the l ight i n g ,  heat i ng ,  
nnd  cool i ng systems - i t embod ies the  end  prod­
ucts or  a who l e  spectru m of techno logies and 
far- fl ung  industr ie s ,  where on l y  at the remote 
sources human hands s t i l l  meet w i t h  pr i mary 
materi a l s ,  no longer recogn izab le  i n  the fi nal 
resu l t .  The u l t i lll atc cu stomer i nhab i t i ng the 
product i s  ensconced in a she l l  of thorough ly  
der ivat i ve  art i fact s ( perhaps re l ieved by a n i ce  
piece of  dr i ftwood) . Th i s  t ransformat ion i nto 
utter art i fi c i a l i t y  is general l y ,  and increas i ng l y , 
the effect of techno logy on the human env i ron­
ment , down to the i tems of da i l y use . On ly  in  
agricu l ture has the product so far escaped t h i s  
transformat ion by the changed modes of i t s  pro­
duct ion . We st i l l  eat the llleat and r ice of our 
ancestors . *  

Then , speak i ng of the commod i t i e s  that tech­
nology i njects i n to pr ivate use , there are ma­
ch i nes themse l ves , those very dev ices of  i t s  
own ru nn i ng , or ig i n a l l y  con f i ned to the eco­
nom ic sphere . Th i s  u nprecedented novum in the 
records of i nd i v i dua l  l i v i ng started late i n  the 
n i neteenth century and has s ince grown to a per­
vad ing mass phenomenon in the Western world . 
The pr ime examp le ,  of course , is the automo­
b i l e ,  but  we must  add to i t  the whole gamut of 
househo ld  appl iance s- rcfr igerators , washers , 
dryers , vacuum c l eaners - by now more com­
mon in the l i festy l e of the general popu l at ion 
than ru nn ing water or centra l  heat i ng were one 
hundred years ago . Add l awn mowers and other 
power too l s  for home and garden ;  we are mech­
an ized i n  our da i l y  chores and recrea t ions  ( i n ­
c lud ing the toys of our  ch i ldren) w i t h  every ex ­
pectat ion t ha t  new gadgets w i l l  cont i nue to ar­
r ive . 

These parapherna l i a  arc mach ines in the pre­
c i se sense that they perform work and consu me 
energy , and the i r  mov i ng parts arc or  the fam i l ­
i ar magni tudes o f  ou r pcrceplll a l  world . Bu t  a n  
add i t ional and profound l y  d i fferent category of 
techn ical appara t u s  was dropped in to the l ap of 

• No1 so , objec1s my col league Robcn Hci l broncr in a lc1 1cr
to 111c ; ' T m  sorry 10  t e l l you thai meal and r ice arc bo1h
profn1111tlly i n fl uenced by 1echnology .  No1 cven t h<:y arc left
untouched . "  Correct . btl l 1hey arc at least gc ncrica l  I y the
same ( the i r  rea l l y  profound changes l ie far back i n  1hc orig­
i na l  breed i ng of uomest icated stra i ns from w i l d  ones- as i n
1 hc case or a l l  cereal  p lan ls  uncl<:r cuh i va1 i on ) . I am speak­
i ng here or an order of 1ransformat ion in which the rcsu l 1 s
bear no resemblance 10  1he natural mater ia ls  a t  the i r  source , 
nor 10 any natura l l y occurr i ng state or them . 

the private c i t i zen , not l abor-sav ing and work­
perform ing , part l y  not even ut i l i tarian ,  but ­
wi th  m in ima l  energy i npu t - cateri ng to the 
senses and the m ind :  te l ephone , rad io ,  te lev i ­
s ion , tape recorders , ca lcu l ators , record p l ay ­
ers - a l l  the domest i c  term i na ls  of the e l ectron­
i cs  i ndus t ry , the l a test arri va l  on the technologi ­
cal scene . Not on l y  by thei r i nsubstan t i a l , m ind ­
addressed outpu t , a l so by the  subv i s ib l e , not 
l i tera l l y  " mechan ica l " phys ics or their fu nc­
t i on i ng do these dev ices d i ffer i n  k i nd from a l l  
t h e  macroscop ic , bod i l y  mov ing mach i nery o f
the c l ass i ca l type . Be fore i nspec t i ng  t h i s  mo­
mentous turn from power engi neeri ng ,  the ha l l ­
mark o f  the f i rst indus t r ia l  revo l u t i on , to com­
mun icat ion eng i neeri ng , which a l most amounts
to a second i ndu st ri a l - technolog ica l revo l u t ion ,
we must take a look al i t s  na tura l  base : e l ectr ic­
i ty .

I n  the march o f  technology t o  ever greater 
art i f-i c i a l  i ty , abstract i on , and subt l ety , the u n ­
lock ing of  e lectric i ty  marks a dec i s i ve step . 
Herc is a un i versa l  force or nature wh ich yet 
docs not natura l l y  appear to man (except i n  
l igh t n i ng) . I t  i s  not a datum o f  uncontr i ved
experi ence . I t s  very · ' appearance" had to wa i t
for sc ience , wh ich contr i ved the  experience for
i t .  Here ,  then , u tech no logy depended on sc i ­
ence for t h e  mere prov id ing of i t s  "object , "  the
ent i ty i t se l f  i t  wou ld  deal w i t h - the fi rst case
where theory a lone ,  not ord i nary exper ience ,
who l l y  preceded pract ice ( repeated l ater i n  the
case of nuc lear energy ) .  And what sort of en­
t i ty ! Heat and steam arc fam i l iar  objec t s  of
sensuous experience , the ir  force bod i l y  d i s ­
p l ayed in  natu re ;  the matter of chem i stry i s
s t i l l  t he concrete , corporea l  s tuff mank i nd had
al ways known . But e lectri c i t y  i s  an abstract ob­
jec t ,  d i sembod ied , i mmater i a l , u n seen ;  i n  i t s
usab le form , i t  i s  en t i re ly  an  art ifac t , generated
in a subt l e  trans format ion  from grosser forms
of energy ( u l t i mate ly from heat via mot i on ) .  I t s
theory i ndeed had to be  essent i a l l y  compl ete
before u t i l izat i on  cou ld beg in .

Revo l u t i onary as e l ectri ca l  techno logy was i n  
i t se l f ,  i ts purpose was a t  fi rst the b y  n o w  con ­
vent iona l  one or the i ndustr ia l  revo lu t ion i n  
genera l :  to supp ly  mot ive  power for t h e  propu l ­
s ion o f  mach i nes . I t s  advantages l ay i n  the  
un ique versat i l i ty or the new force , the ease of
i t s  t ransm i ss ion , t ransformation and d i st r ibu ­
t i on - an unsu bstan t i a l  commod i t y , no bu l k ,  no
weigh t ,  i n stan taneou s l y  del i vered at the po i n t  of
consumpt ion . No th ing  l i ke i t  had ever ex i sted
before in man ' s  t raff i c  w i t h  matter, space , and
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t i m e .  I t  made poss i b l e  the spread of mechan i,:a­
t ion  to every home; t h i s  a lone was a tremen­
dou s boost to the techno log ical  t ide ,  at  the same 
t i me hook i ng pri vate l i ves i n to centra l i zed pub­
l ic ne tworks and thus mak i n g  them dependent 
on the funct i on i ng of  a tota l  system as never 
before , in fact , for every moment . Remember ,  
you canno t  hoard e l ec t r i c i t y  as you  can coa l and 
oi I ,  or flour  and sugar for that mat ter. 

B u t  someth i ng much more unorthodox was to 
fo l l o w .  As  we al l  k n o w ,  the d i scovery of  the 
u n i verse of e l ectromagnct i c s  cau sed a revo l u ­
t ion i n  t heoret ica l  phys i c s  that  i s  st i l l  u nderway .
Wi thout  i t ,  there wou ld  be no re l a t i v i t y  theory ,
no quan tum mechan ics , no nuc l ear and subnu ­
c l ear phys ics . I t  a l so cau sed a revo l u t i on i n
techno logy beyond wha t  i t  con t r ibu ted , as  we
noted , to i t s  c l as s i ca l  program . The revol u t i on
con s i sted i n  t he  passage from e l ect r i ca l to e l ec­
t ron i c  tech no l ogy which s ign i f ies  a new l eve l  of
abst ract i on i n  means  and ends . I t  is  the  d i ffer­
ence bet ween power and com rnu n icat ion en ­
g i neeri n g .  I t s  object , the  most i mpa l pab le  of
a l l ,  i s  i n format ion . Cogn i t i ve i n s t ru ments  had
been k nown before - sex tan t ,  compass , c l ock ,
te l escope , m i c roscope , t hermometer ,  al I of
them for i n format i on and not for work . A t  one
t i me ,  t hey were ca l l ed · · ph i losoph ica l ' '  or
" metaphys i ca l " i n stru men t s .  By the same gen­
eral cr i ter ion , am u s i ng as i t  may see 1 1 1 , the  new
e l ectronic i n format ion  dev ices , too ,  cou l d  be
c l assed as " ph i l osoph ica l ins trument s . "  B u t
those ea r l i er cogn i t i ve dev ices , except the
c lock , were i nert and pass i ve ,  not genera t i ng
i n form a t i on act i ve l y ,  as  the  new i n st rumenta l i ­
t i es do .

Theoret ica l l y  as we l l  as pract i ca l l y , e l ectron­
i c s  s i gn i f i e s  a gen u i ne l y  new phase of the sc ien ­
t i f i c - techno logica l  revo l u t i on . Compared w i th 
the  soph i st i cat ion or i t s  theory as we l l  as the 
de l i cacy or i ts  appara t u s , everyth i ng wh ich  
came before seems  c ru de , a l most nat u ra l . To 
apprec i ate t he  poi n t , take the  man- 1 1 1ade satc l -
1 i tes n o w  i n  orb i t .  I n  o n e  sense , they arc i ndeed 
an i m i t a t ion  or ce l es t i a l  mechan ics - Newton ' s  
l aws fi na l l y  veri f i ed by cosm ic  exper i men t :
as t ronomy ,  for m i l l en i a  t h e  most  pu re l y  con­
temp la t i ve  of the phys i ca l sc i ences , t u rned in to
a pract i ca l  art 1 Yet , amaz ing as  i t  i s ,  the as tro­
nom i c  i m i ta t i on , w i t h  a l l  the u n l eash i ng or
forces and the f i nesse or techn i4ues  that went
i n to i t ,  i s  the l eas t i n terest i ng aspect  or those
e n t i t i es . In  t ha t  resrec t , they s t i l l  fa l l  w i t h i n
t h e  te rms a n d  fea t s  o r  c l ass ica l  mechan i c s  (ex -

ccp t  for the remote-con tro l  cou rse correct ion s ) . 
The i r  true i n terest  l i es i n  the i n struments they 

carry th rough the vo ids  of space and  i n  what 
these do, the i r  measur i n g ,  record i ng ,  ana lyz i ng , 
compu t i ng ,  the i r  recei v i n g ,  process i n g ,  and 
t ra n sm i tt i n g  abstrac t  i n format ion and even 
i mages over cosm ic  d i s tances . There is noth ing 
i n  a l l  na ture wh ich even remote ly foreshadows 
the k i nd of th i ngs that now r ide the heaven ly  
spheres . Man ' s  i m i t at i ve prac t ica l  as tronomy 
mere ly  prov ides the veh ic le  for somet h i ng e l se 
w i t h  which he sovere i gn l y  passes beyond a l l  the 
mode l s  and u sages of known na ture . *  That the 
advent of man portended , in i t s  i nner  secret or 
m i nd and w i l l ,  a cosmic event was k nown to 
re l i g ion and ph i l osophy :  now i t  man i fes ts  i t se l f  
a s  such b y  fact o f  th i ngs and acts i n  the v i s ib le  
u n i verse . E lectron ics  i ndeed c reates a range or
objects i m i tat i ng noth i ng and progres s i ve l y
added to by pure i nvent ion .

And no l ess i n ven ted are the ends they serve . 
Power engi neering and chemi stry for the most 
part s t i l l  answered to the natura l needs of man :  
for rood , c lo th i ng ,  she l te r ,  l ocomot ion , and so 
forth . Comm u n icat ion  eng i neer i ng answers to  
needs or i n format ion  and con tro l sol e l y  created 
by the c i v i l i zat ion  that made th i s  techno logy 
pos s i b l e  and , once started , i mperat i v e .  The 
nove l ty of the means con t i nues to engender no 
l ess novel  ends - both becom i ng as necessary
to the  fu nc t ion i ng  of the c i v i l izat ion  that
spawned them as they wou ld have been po in t ­
l ess for any former one . The world they he lp  to
const i t u te and which needs computers for i t s
very ru n n i ng i s  no longer na ture supp l emen ted ,
i m i tated , i mproved , transformed , the  orig i nal
hab i tat  made more hab i t ab l e .  I n the pervas ive
menta l iza t i on of phys ica l re l a t ionsh i ps i t  i s  a
tro11s-1 1c11 1ire of human  mak i n g ,  bu t  w i t h  t h i s  i n ­
heren t  paradox : t h a t  i t  threatens  t h e  obsoles­
cence or man h i mse l  r ,  as i ncreas ing  automat i on
ousts h i m  from the p laces of work where he
former ly  proved h i s  h u manhood . And there i s  a
further threat : i t s  s t ra i n  on na ture herse l f  may
reach a brea k i ng poi n t .

The last stage o f  the revolut ion'! 

That sentence wou ld make a good dramat i c 
end i ng .  B u t  it i s  not  the  encl or the story .  There 

' '  Note also t hat i n  rad io  tech nology , t hc mcd i u m  of  act i on i s  
not h i ng m at cri al , l i ke w i res cond uc t ing  curren t s . bu t  thc 
e m i rc l y  i n 1 1natcr i a l  e l ec t romagnet i c  " f i e l d , "  i . e . ,  spacc i t ­
se l f .  Thc symbo l i c  p i c t u re of " waves" is t he  l a s t  rema i n i ng 
l i nk 10 t he forms of our  perceptua l  world . 
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may be in the offing another, conceivably the 
tast, stage or the technological revolution, after 
the mechanical, chemical, electrical, electron­
ic stages we have surveyed, and the nuclear we 
omitted. All these were based on physics and 
had to do with what man can put to his use. 
What about biology? And what about the user 
himself? Are we, perhaps, on the verge or a 
technology, based on biological knowledge and 
wielding an engineering art which, this time, 
has man himself for its object? This has become 
,1 theoretical possibility with the advent of 
molecular biology and its understanding of ge­
netic programming; and it has been rendered 
morally possible by the metaphysical neutral iz­
ing of man. But the latter, while giving us the 
license to do as we wish, at the same time de­
nies us the guidance f'or knowing what to wish. 
Since the same evolutionary doctrine of which 
genetics is a cornerstone has deprived us of a 
valid image of man, the actual techniques, 
when they are ready, may find us strangely un­
ready for their responsible use. The anti-es­
sentialism of prevailing theory, which knows 
only or dejc,cro outcomes of evolutionary acci­
dent and of no valid essences that would give 
sanction to them, surrenders our being to a free­
dom without norms. Thus the technological call 
of the new microbiology is the twofold one of 
physical feasibility and metaphysical admissi­
bility. Assuming the genetic mechanism to be 
completely analyzed and its script finally de­
coded, we can set about rewriting the text. Biol­
ogists vary in their estimates of how close we 
arc to the capability; few seem to doubt the 
right to use it. Judging by the rhetoric or its 
prophets, the idea of taking our evolution into 
our own hands is intoxicating even to many sci­
entists. 

In any case, the idea of making over man is 
no longer fantastic, nor interdicted by an invio­
lable taboo. rr and when 1h01 revolution occurs. 
if technological power is really going to tinker 
with the elemental keys on which life will have 
to play its melody in generations of men to 
come (perhaps the only such melody in the 
universe), then a reflection on what is humanly 
desirable and what should determine the 
choice-a reflection, in short. on the image 
of man, becomes an imperative more urgent 
than any ever inflicted on the understanding of' 
mo11al man. Philosophy. it must be confessed, 
is sadly unprepared for this, its first cosmic 
task. 

Ill. TOWARD AN ETHICS OF 

TECHNOLOGY 

The last topic has moved naturally rrorn the 
descriptive and analytic plane, on which the ob­
jects of technology arc displayed for inspection, 
onto the evaluative plane where their ethical 
challenge poses itself for decision. The part icu­
lar case forced the transition so directly be­
cause there the (as yet hypothetical) technologi­
cal object was man directly. But once removed, 
man is involved in all the other objects of tech­
nology, as these singly and jointly remake the 
worldly frame or his life, in both the narrower 
and the wider of its senses: that or the artificial 
frame or civilization in which social man leads 
his life proximately, and that of the natural ter­
restrial environment in which this artil"acl is em­
bedded and on which it ultimately depends. 

Again, because of the magnitude of techno­
logical effects on both these viral environments 
in their totality, both the quality or human lif'e 
and its very preservation in the future arc at 
stake in the rampage or technology. I II short, 
certainly the "image'' of' man, and possibly the 
survival of the species (or of much of it), are in 
jeopardy. This would summon man·s duty to 
his cause even if the jeopardy were not of his 
own making. But it is, and, in addition to his 
ageless obligation to meet the threat or things, 
he bears for the Jirst time the responsibility or 
prime agent in the threatening disposition or 
things. Hence nothing is more natural than the 
passage from the objects to the ethics or tech­
nology, from the things made to the duties of 
their makers and users. 

A similar experience or incvital,lc passage 
rrorn analysis of fact to ethical significance. let 
us remember, befell us toward the end of the 
first sect ion. As in the case or the matter, so also 
in the case of the form of the technological dy­
namics, the image of man appeared at stake. In 
view or the quasi-automatic compulsion of 
those dynamics, with their perspective or indefi­
nite progression. every existential and moral 
question that the objects or tcch1Hllogy raise as­
sumes the curiously cschatological quality with 
which we arc becoming l'a111iliar from the ex­
trapolating guesses or futurology. 13ut apart 
rrom thus raising all challenges or present par­
ticular matter to the higher powers or future ex­
ponential magnification, the despotic dynamics 
of the technological movement as such, sweep­
ing its captive movers along in its breathless 
momentum, poses its own questions to man's 
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axiological conception or himself. Thus, rorm 
and matter or technology alike enter into the 
dimension or ethics. 

The questions raised for ethics by the objects 
or technology arc defined by the major areas of 
their impact and thus rail into such fields of 
knowledge as ecology (with all its biospheric 
suhdivisions of land, sea, and air), demography 
economics, biomedical and behavioral sciences 
(even the psychology of mind pollution by tele­
vision), and so forth. Not even a sketch of the 
substantive problems, let •llonc or ethical poli­
cies ror dealing with them, can here be at­
tempted. Clearly, for a normative rationale of 
the latter, ethical theory must plumb the very 
foundations or value, obligation, and the human 
good. 

The same holds or the different kind of ques­
tions raised ror ethics by the sheer fact or the 
formal dynamics of technology. Bui here, a 
question of another order is added to the 
straightforward ethical questions or both kinds, 
subjecting any resolution of them to a pragmatic 
proviso or harrowing uncertainty. Given the 
mastery or the creation over its creators, which 
yet docs not abrogate their responsibility nor si­
lcm:e their vital interest, what arc the chances 
and what are the means or gaining co111ro/ or the 
process, so that the results or any ethical (or 
even purely prudential) insights can be trans­
lated into effective action'? How in short can 
man's freedom prevail against the determinism 
he has created for himself'/ On this most 
clouded question, whereby hangs not only the 
cffcetuality or futility or the ethical search 
which the facts invite (assuming it to be blessed 
with 1heore1irnl success 1), but perhaps the fu­
ture or mankind itself, I will make a rcw con­
cluding, but-alas-inconclusive, remarks. 
They arc intended to touch on the whole ethical 
enterprise. 

Problematic preconditions of an 
effective ethics 

First, a look at the novel state or determin­
ism. Prima facie, it would seem that the greater 
and more varied powers bequeathed by technol­
ogy have expanded the range of choices and 
hence increased human freedom. For econom-. 
ics, for example, the argument has been made2 

that the uniform compulsion which scarcity and 
subsistence previously imposed on economic 
behavior with a virtual denial of alternatives 
(and hence-conjoined with the universal 
"maximization" motive of capitalist market 

competition-gave classical economics at least 
the appearance of a deterministic "science") 
has given way to a latitude or indeterminacy. 
The plenty and powers provided by industrial 
technology allow a pluralism or choosablc al­
ternatives (hence disallow scientific prediction). 
We are not here concerned with the status of 
economics as a science. But as to the altered 
state or things alleged in the argument, I sub­
mit that the change means rather that one, rela­
tively homogeneous determinism (thus relative­
ly easy to formalize into a law) has been sup­
planted by another, more complex, multifarious 
determinism, namely, that exercised by the hu­
man artifact itself upon its creator and user. 
We, abstractly speaking the possessors of those 
powers, arc concretely subject to their emanci­
pated dynamics and the sheer momentum of our 
own multitude, the vehicle of those dynamics. 

I have spoken clsewhcre'1 of the "'new realm
of necessity" set up, like a second nature, by 
the feedbacks of our achievements. The al­
mighty we, or Man personified is, alas, an ab­
straction. Mon may have become more power­
ful; 111e11 very probably the opposite, enmeshed 
as they arc in more dependencies than ever be­
fore. What ideal Man now can do is not the 
same as what real men permit or dictate to be 
done. And here I am thinking not only of the 
i111manent dynamism, almost automatism, of 
the impersonal technological complex I have in­
voked so far, but also of the pathology of its 
client society. Its compulsions, I rear, are m 
least as great as were those of unconquered na­
ture. Talk or the blind forces of nature! Are 
those of the sorcerer's creation less blind? They 
cliflcr indeed in the serial shape of their causal­
ity: the action of nature's forces is cyclical, 
with periodical recurrence of the same, while 
that of the technological forces is I inear, pro­
gressive, cumulative, thus replacing the curse 
or constant toil with the threat or maturing crisis 
and possible catastrophe. Apart from this sig­
nificant vector difference, I seriously wonder 
whether the tyranny of fate has not become 
greater, the latitude or spontaneity smaller; and 
whether man has not actually been weakened in 
his decision-making capacity by his accretion of 
col lecti vc strength. 

However, in speaking, as I have just done, of 
"his" decision-making capacity, I have been 
guilty or the same abstraction I had earlier criti­
cized in the use or the term ''man.'' Actually, 
the subject of the statement was no real or repre­
sentative individual but Hobbes' "Artificial 
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Man," ''that great Leviathan, called a Com­
mon-Wealth," or the "large horse" lo which 
Socrates likened the city, "which because of its 
great size tends to be sluggish and needs stir­
ring by a gadfly.'' Now, the chances of there 
being such gadflies among the numbers of the 
commonwealth are today no worse nor better 
than they have ever been, and in fact they arc 
around and stinging in our field of concern. In 
that respect, the free spontaneity or personal 
insight, judgment, and responsible action by 
speech can be trusted as an ineradicable (if 
also incalculable) endowment of humanity, and 
smallness of number is in itself no impediment 
to shaking public complacency. The problem, 
however, is not so much complacency or apathy 
as the counterforccs of active, and anything 
but complacent, interests and the complicity 
with them or all of us in our daily consumer 
existence. These interests themselves are fac­
tors in the determinism which technology has 
set up in the space of its sway. The question, 
then, is that of the possible chances of unselfish 
insight in the arena of (by nature) selfish po111er, 
and more particularly: of one long-range, inter­
loping insight against the short-range goals or 
many incumbent powers. Is there hope that wis­
dom itself can become power? This renews the 
thorny old subject of Plato's philosopher-king 
and-with that inclusion of realism which the 
utopian Plato did not lack-of the role or myth, 
not knowledge, in the education of the guardi­
ans. Applied to our topic: the k11owleclge of ob­
jective dangers and of values endangered, as 
well as of the technical remedies, is beginning 
to be there and to be disseminated; but to make 
it prevai I in the marketplace is a matter less of 
the rational dissemination of truth than of public 
relations techniques, persuasion, indoctrina­
tion, and manipulation, also or unholy alli­
ances, perhaps even conspiracy. The philos­
opher's descent into the cave may well have to 
go all the way to "if you can't lick them, join 

them.'' 
That is so not merely because or the active 

resistance or special interests but because of the 
optical illusion of the near and the far which 
condemns the long-range view to impotence 
against the enticement and threats or the nearby: 
it is this incurable shortsightedness of animal­
human nature more than ill will that makes it 
difficult to move even those who have no spe­
cial axe to grind, but still arc in countless ways, 
as we all are, beneficiaries of the untamed sys­
tem and so have something dear in the present 

to lose with the inevitable cost of its taming. 
The taskmaster, l fear, will have to be actual 
pain beginning to strike, when the far has 
moved close to the skin and has vulgar optics 
on its side. Even then, one may resort to pallia­
tives of the hour. In any event, one should try 
as much as one can to forestall the advent of 
emergency with its high tax of suffering or, at 
the least. prepare for it. This is where the scien­
tist can redeem his role in the technological es­
tate. 

The incipient knowledge about technological 
danger trends must be developed, coordinated, 
systematized, and the full force or computer­
aided projection techniques be deployed to de­
termine priorities of action, so as to inform pre­
ventive efforts wherever they can be elicited, 
to minimize the necessary sacrifices, and at the 
worst to preplan the saving measures which the 
terror or beginning calamity will eventually 
make people willing to accept. Even now, hard­
ly a decade after the first stirrings of "environ­
mental" consciousness, much of the requisite 
knowledge, plus the rational persuasion, is 
available inside and outside academia for any 
well-meaning powerholder to draw upon. To 
this, we-the growing band or concerned intel­
lectuals-ought persistently IO comributc our 
bit of competence and passion. 

But the real problem is to get the well-mean­
ing into power and have that power as little as 
possible beholden to the intcr..:sts which the 
technological colossus generates on its path. It 
is the problem of the philosopher-king com­
pounded by the greater magnitude and complex­
ity (also sophistication) of the forces to contend 
with. Ethically, it becomes a problem of play­
ing the ga111e by its impure rules. For the ser­
vant of truth to join in it means to sacrifice some 
or his time-honored role: he may have to turn 
apostle or agitator or political operator. This 
raises moral questions beyond those which tech­
nology itself poses, that of sanctioning i111-
moral means for a surpassing encl, of giving 
unto Caesar so as to promote what is not Cae­
sar's. lt is the grave question or moral casuistry, 
or of Dostoevsky's Grand Inquisitor, or of re­
garding cherished liberties as no longer afford­
able luxuries (which may well bring the anxious 
friend of 111ankind into odious political compa­
ny)-questions one excusably hesitates to touch 
but in the further tide or things may not be per­
mit1ed to evade. 

What is, prior to joining the fray, the role of 
philosophy, that is, of a philosophically 
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grounded ethical knowledge, in all this? The 
somber note of· the last remarks responded to 
the quasi-apocalyptic prospects of the techno­
logical tide, where stark issues of planetary sur­
vival 100111 ahead. There, no philosophical 
ethics is needed to tell us that disaster must be 
averted. Mainly, this is the case of the ecologi­
cal dangers. But there arc other, noncatastroph­
ic things afoot in technology where not the exis­
tence but the i111agc of man is at stake. They 
arc with LIS now and will accompany us and be 
joined by others at every new turn technology 
may take. Mainly, they arc in the bio111edical, 
behavioral, and social fields. They lack the 
stark simplicity of the survival issue. and there 
is none of the (at least declaratory) unanimity 
on thc111 which the spectre of extrc111e crisis 
com111ands. It is here where a philosophical 
ethics or theory of values has its task. Whether 
its voice will be listened to in the dispute on 
policies is not for it to ask; perhaps it cannot 
even muster an authoritative voice with which 
to speak-a house divided, as philosophy is. 
But the philosopher 111ust try for normative 
knowledge, and if his labors fall predictably 
short of producing a compelling axiomatics, 
at least his clarifications can counteract rash­
ness and make people pause for a thoughtful 
VICW. 

Where not existence but "'quality" of life is 
in question, there is room for honest dissent on 
goals, time i'or theory to ponder them, and free­
dom fro111 the tyranny of the lifeboat situation. 
Here, philosophy can have its try and its say. 
Not so on the extremity of the survival issue. 
The philosopher, to be sure, will also strive for 
a theoretical grounding of the very proposition 
that there ought to be men on earth, and that 
present generations arc obligated to the exis­
tence of future ones. But such esoteric, ulti­
mate validation or the perpetuity imperative for 
the species-whether obtainable or not to the 
satisfaction of reason-is happily not needed 
for consensus in the face of ultimate threat. 
Agreement in favor or I ifc is prcthcoretical, in­
stinctive, and universal. Averting disaster takes 
precedence over everything else, including pur­
suit of the good, and suspends otherwise invio­
lable prohibitions and rules. All moral standards 
for individual or group behavior, even demands 
for individual sacrifice or life, are premised on 
the continued existence of human life. As I have 
said elscwherc,1 "No rules can be devised for
the waiving of rules in extre111ities. As with the 

famous shipwreck examples of ethical theory, 
the less said about it, the better." 

Never before was there cause for considering 
the contingency that all mankind 111ay find itself 
in a lifeboat, but this is exactly what we face 
when the viability of the planet is at stake. Once 
the situation becomes desperate, then what 
there is to do for salvaging it must be done, 
so that there be life-which "then," after the 
storm has been weathered, can again be adorned 
by ethical conduct. The moral inference to be 
drawn from this lurid eventuality of a moral 
pause is that we must never allow a lifeboat sit­
uation for hu111anity to arise.;; One part of the 
ethics of technology is precisely to guard the 
space in which any ethics can operate. For the 
rest, it must grapple with the cross-currents of 
value in the co111plexity of life. 

A final word on the question of determinism 
versus frccdo111 which our presentation of the 
technological syndrome has raised. The best 
hope of man rests in his rnost .troublesome gift: 
the spontaneity of human acting which con­
founds all prediction. As the late Hannah 
Arendt never tired of stressing: the continuing 
arrival of newborn individuals in the world as­
sures ever-new beginnings. We should expect 
to be surprised and to see our predictions come 
to naught. But those predictions themselves, 
with their warning voice, can have a vital share 
in provoking and informing the spontaneity that 
is going to confound them. 
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I .  I refer the reader to my book Lo Tech1 1 iq1 1 <!  
for an account  of  my gene ra l  theses  on t h i s  sub­
ject . I sha l l con / i nc mysel f  here to recap i t u l a t i n g  
t h e  po i nts wh ich  seem t o  me to b e  essen t i a l to 
a soc io logica l  study or  the prob lem :  

I . Techn ique  I has  become the new and spe­
c i f i c  milieu in wh ich  man is requ i red to ex i s t ,  
one wh ich h a s  supp l anted t h e  o ld 1 1 1 i/ie1 1 , v i z . , 
that o l '  n a t u re .  

2 .  Th i s  new techn ica l  1 1 1i/irn has  the  fol l ow­
ing  character i s t i c s :  

a .  I t  i s  ar t i f i c i a l ;  
b .  I t  i s  au tonomou s w i t h  respect to va l ues , 

ideas ,  and the  s tate ;  
c . I t  i s  se l l '-dc tcrm i n i ng in  a c l osed c i rc l e .

L ike  nature , i t  i s  a c l osed organ i za t i on
wh ich  perm i t s  i t  to be se l f-determinat ive
i ndependent l y  of '  a l l  hu man i n tcrve t� t i o n ;

cl . I t  grows accord ing  t o  a process wh ich i s 
causa l  bu t  not d i rected to ends ;  

0 J acques E l l u l .  "The Technolog ica l  Order , " t ran, .  John 
W i l k i nson . Repri nted from The Tffh110/ogiml Ort/er , ed . 
Carl E . S tover / De t ro i t :  Wayne Sta te U n i vers i t y Press .
I 963 ) , pp . I 0-24 . by pe rm i s s ion  of  the Wayne S1 : 1 1c U n i ­
vers i ty Pr,:ss anu t he au t hor . Copyrigh t  (0 1 963 hy Wayne 
S 1a te U n i ver� i ty Pres, .  Dc 1 rni t .  M ich iga n .  

e .  I t  i s  formed by an  accumu la t ion o r  means 
wh ich  have estab l i shed pr imacy over 
ends;  

I ' . A l l i t s  part s  a rc mu t u a l l y  i m p l i cat ed to  
such a degree tha t  i t  i s  i mposs i b l e  to sep­
ara te them or lo set t l e  any tech n i ca l  prob­
lem i n  i so l a t ion . 

3 .  The dcvc l opmenl  or t he  i n d i v idua l  tech ­
n i ques  i s  an  · · a m b i v a l en t ' '  phenomenon . 

4 .  S i nce Tech n i que has  become the  new 
111ilie1 1 .  a l l  soc i a l  phenomena a rc s i t u ated i n  i t .  
I t  i s  i ncorrect t o  say t h at economics , po l i t i c s ,  
a n d  t h e  sphere or  t h e  c u l t u ra l  arc i n l l ucnccd or 
mod i f i ed /Jy Tech n i q u e :  they a rc ra ther  s i t uated 
in i t . a novel  s i t ua t i on  mod i fy i ng a l l  t rad i t i ona l  
soc i a l  concept s .  Po l i t i c s ,  for examp le . i s  no t  
mod i f i ed  by Tech n ique  as one  factor among 
others wh ich opera te  u pon i t ;  t he po l i t i ca l  wor ld 
i s  today de.fined t h rough i ts  re la t ion  to the tech ­
no log ica l  soc ie ty . Trad i t iona l l y ,  pol i t i cs  formed 
a part or a l arge r  soc i a l  who le ; a t  the present  the  
converse i s  the case . 

5 .  Tech n ique  comprises orga n i za t i ona l  and 
psycho-soc io log ica l  techn i ques . I t  i s  u se l ess to 
hope tha t  the use of techn iques  of orga n i za t i on  
w i l l  succeed i n  compensat i ng fo r  t he  e ffect s  or  
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techniques in general; or that the use of psycho­
sociological techniques will assure mankind 
ascendancy over the technical phenomenon. In 
the former case, we will doubtless succeed in 
averting certain technically induced crises, dis­
orders, and serious social disequilibrations; but 
this will but confirm the fact that Technique 
constitutes a closed circle. In the latter case, we 
will secure human psychic ,equilibrium in the 
technological 111ilieu by avoiding the psycho­
biologic pathology resulting from the individual 
techniques taken singly and thereby attain a 
certain happiness. But these results will come 
about through the adaptation of /w11wn beings 
to the technical milieu. Psycho-sociological 
techniques result in the modifirntion or men in 
order to render them happily subordinate to 
their new environment, and by no means imply 
any kind or human domination over Technique. 

6. The ideas, judgments, beliefs, and myths
of the man or today have already been essential­
ly modified by his technical 111ilie11. It is no 
longer possible to rcllcct that on the one hand, 
there arc techniques which may or may not have 
an effect on the human being; and, on the other, 
there is the human being himself who is to at­
tempt to invent means to master his techniques 
and subordinate them to his own ends by 111ak­
inf.{ a choice among them. Choices and ends arc 
both based on beliefs, sociological presupposi­
tions, and myths which arc a function of the 
technological society. Modern man's state of 
mind is completely dominated by technical val­
ues, and his goals arc represented only by such 
progress and happiness as is to be achieved 
through techniques. Modern man in choosing is 
already incorporated within the technical pro­
cess and modified in his nature by it. He is no 
longer in his traditional state of freedom with 
respect to judgment and choice. 

II. To understand the problem posed to us, it
is first of all requisite to disembarrnss ourselves 
of certain fake problems. 

I. We make too much of the disagreeable
features of technical development, for example, 
urban over-crowding, nervous tension, air pol­
lution, and so forth. I am convinced that all 
such inconveniences will be done away with by 
the ongoing evolution of Technique itself, and 
indeed, that it is only by means of such evolu­
tion that this can happen. The inconveniences 
we emphasize are always dependent on techni­
cal solutions, and it is only by means of tech­
niques that they can be solved. This fact leads 
to the following two considerations: 

a. Every solution to some technical inconve­
nience is able only to reinforce the system
of techniques in their ensemble;

b. Enmeshed in a process of technical devel­
opment like our own, the possibilities of
human survival are better served by more
technique than less, a fact which contri­
butes nothing, however, to the resolution
of the basic problem.

2. We hear too often that morals are being
threatened by the growth of our techniques. For 
example, we hear of greater moral decadence in 
those environments most directly affected tech­
nically, say, in working class or urbanized 
milieux. We hear, too, of familial disintegration 
as a function of techniques. The falseness of 
this problem consists in contrasting the techno­
logical environment with the moral values in­
culcated by society itself. 2 The presumed oppo­
sition between ethical problematics and techno­
logical systematics probably at the present is, 
and certainly in the long run will be, false. The 
traditional ethical milieu and the traditional 
moral values are admittedly in process of dis­
appearing, and we are witnessing the creation 
of a new technological ethics with its own val­
ues. We are witnessing the evolution of a 
morally consistent system of imperatives and 
virtues, which tends to replace the traditional 
system. But man is not necessarily left thereby 
on a morally inferior level, although a moral 
relativism is indeed implied-an attitude ac­
cording to which everything is well, provided 
that the individual obeys some ethic or other. 
We could contest the value of this development 
if we had a clear and adequate concept of what 
good-in-itself is. But such judgments are impos­
sible on the basis of our general morality. On 
that level, what we are getting is merely a sub­
stitution of a new technological morality for a 
traditional one which Technique has rendered 
obsolete. 

3. We dread the "sterilization" of art
through technique. We hear the artist's lack of 
freedom, calm, and the impossibility of medita­
tion in the technological society. This problem 
is no more real than the two prcceeding. On 
the contrary, the best artistic production of the 
present is a result of a close connection between 
art and Technique. Naturally, new artistic form, 
expression, and ethic are implied, but this fact 
does not make art less art than what we tradi­
tionally called such. What assuredly is 1101 art is 
a fixation in congealed forms, and a rejection of 
technical evolution as exemplified, say, in the 
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neo-classicism or the nineteenth century or in 
present day "socialist realism." The modern 
cinema furnishes an artistic response com­
parable to the Greek theater at its best; and 
modern music, painting, and poetry express, 
not a canker, but an authentic csthetic expres­
sion of mankind plunged into a new technical 
milieu. 

4. One last example of a false problem is
our fear that the technological society is com­
pletely eliminating instinctive human values 
and powers. It is held that systematization, or­
ganization, '·rationalized" conditions of labor, 
overly hygienic living conditions, and the like 
have a tendency to repress the forces of instinct. 
For some people the phenomenon of "beat­
niks," "blouso11.1· noirs,":i and "hooligans" is 
explained by youth's violent reaction and the 
protestation of youth's vital force to a society 
which is overorganized, overordered, overreg­
ulated, in short, technicized:1 But here too, 
even if the facts are established beyond ques­
tion, it is very likely that a superior conception 
of the technological society will result in the 
integration of these instinctive, creative, and 
vital forces. Compensatory mechanisms are al­
ready coming into play; the increasing appre­
ciation of the aesthetic eroticism of authors like 
Henry Miller and the rehabilitation of the 
Marquis de Sade are good examples. The same 
holds for music like the new jazz forms which 
are "escapist" and exaltative of instinct; item, 
the latest dances. All these things represent a 
process of · 'dl:foufe111e11t' · 5 which is finding its
place in the technological society. In the same 
way, we are beginning to understand that it is 
impossible indefinitely to repress or expel reli­
gious tendencies ancl to bring the human race to 
a perfect rationality. Our fears for our instincts 
are justified to the degree that Technique, in­
stead of provoking conflict, tends rather to ab­

sorb it, and to i111egrn1e instinctive and religious 
forces by giving them a place within its struc­
ture, whether it be by an adaptation of Chris­
tianityu or by the creation of new religious ex­
pressions like myths and mystiques which are in 
full compatibility with the technological soci­
ety. 7 The Russians have gone farthest in creat­
ing a "religion" compatible with Technique by 
means of their transformation of Communism 
into a religion. 

III. What, then, is the real problem posed to
men by the development of the technological 
society? It comprises two parts: I. Is man able 
to remain master8 in a world of means? 2. Can 

a new civilization appear inc;Jusive of Tech­
nique? 

I. The answer to the first question, and the
one most often encountered, seem obvious: 
Man, who exploits the ensemble of means, is 
the master or them. Unfortunately, this manner 
of viewing matters is purely theoretical and 
superficial. We must remember the autonomous 
character or Technique. We must likewise not 
lose sight or the fact that the human individual 
himself is to be an ever greater degree the object 
of certain techniques and their procedures. He 
is the object of pcclagogical techniques, psycho­
techniques, vocational guidance testing, per­
sonality and intelligence testing, industrial and 
group aptitude testing, and so on. In these cases 
(and in countless others) most men are treated 
as a collection of objects. But, it might be ob­
jected, these techniques are exploited by other 
men, and the exploiters at least remain masters. 
In a certain sense this is true; the exploiters are 
masters of the particular techniques they ex­
ploit. But, they, too, are subjected to the action 
of yet other techniques, as, for example, pro­
paganda. Above all, they are spiritually taken 
over by the technological society; they believe 
in what they do; they are the most fervent adepts 
of that society. They themselves have been pro­
foundly tcchnicized. They never in any way af­
fect to despise Technique, which to them is a 
thing good in itself. They never pretend to as­
sign values to Technique, which to them is in 
itsell' an entity working out its own ends. They 
never claim to subordinate it to any value be­
cause for them Technique is value. 

It may be objected that these individual tech­
niques have as their end the best adaptation or 
the individual. the best utilization of his abili­
ties, and, in the long run, his happiness. This. 
in effect, is the objective and the justification 
of all techniques. (One ought not, of' course, to 
confound man's "happiness" with capacity for 
mastery with, say. freedom.) If the first of all 
values is happiness, ii is likely that man, thanks 
to his techniques, will be in a position to attain 
to a certain state of this good. But happiness 
does not contain everything it is thought 10 con­
tain. and the abso/11/e disparity between lwppi­
ne.1·.1· ond Ji'eedo111 remains an ever real theme 
for our reflections. To say that man should re­
main subject rather than of�ject in the technolog­
ical society means two things, viz., that he be 
capable of giving direction and orientation to 
Technique, and that, to this end, he be able to 
master it. 
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Up to the present he has been able to do 
neither. As to the first, he is content passively 
to participate in technical progress, to accept 
whatever direction it takes automatically, and to 
admit its autonomous meaning. In the circum­
stances he can either proclaim this life is an ab­
surdity without meaning or value; or, he can 
predicate a number of indefinitely sophisticated 
values. But neither attitude accords with the 
fact of the technical phenomenon any more than 
it docs with the other. Modern declarations or 
the absurdity or life arc not based on modern 
technological efflorescence, which none 
(least of all the existentialists) think an absur­
dity. And the predication of values is a purely 
theoretical matter, since these values arc not 
equipped with any means for pulling them into 
prncticc. It is easy to reach agreement on what 
they arc, but it is quite another matter to make 
them have any effect whatever on the techno­
logical society, or to cause them to be accepted 
in such a way that techniques must evolve in 
order to realize them. The values spoken of in 
the technological society arc simply there to 
justify what is; or, they arc generalities without 
consequence; or technical progress real izcs 
them automatically as a matter or course. Put 
otherwise, neither of the above alternatives is 
to be taken seriously. 

The second condition th(({ 111u11 he subject 
mthcr thon ohject, i.e., the imperative that he 
exercise mastery over technical development, is 
facilely accepted by everyone. But factually it 
simply docs not hold. Even more cmbarrnssing 
than the question "How?" is the question 
"Who')" We must ask our�clvcs realistically 
and concretely just who is in a position to 
choose the values which give Technique its jus­
tification and to exert mastery over it. If such 
a person or persons are to be round, it must be 
in the Western world (inclusive of Russia). They 
certainly arc not to be discovered in the bulk ol' 
the world's population which inhabits Africa 
and Asia, who arc. as yet, scarcely controntcd 
by technical problems, and who. in any case, 
arc even less aware or the questions involved 
than we arc. 

Is the arbiter we seek to be round among the 
philo.1·11phers, those thinking spccialists'1 We
well know the small influence these gentry 
exert upon our society, and how the technicians 
or every order distrust them and rightly refuse 
to take their reveries seriously. Even if the phi­
losopher could make his voice heard, he would 
�ti 11 have to contrive means of mass education 

so as lo communicate an effective message to 
the masses. 

Can the 1ec/111icio11 himself assume mastery 
over Technique'? The trouble here is that the 
technician is always a specialist and cannot 
make the slightest claim to have mastered any 
technique hut his own. Those for whom Tech­
nique bears its meaning in itself will scarcely 
discover the values which lend meaning to what 
they arc doing. They will not even look for 
them. The only thing they can do is to apply 
their technical specialty and assist in its refine­
ment. They cannot in principle dominate the 
totality of the technical problem or envisage it 
in its global dimensions. Ergo, they arc com­
pletely incapable of mastering it. 

Cun the scientist do it'1 There, if anywhere.
is the great hope. Docs not the scientist domi­
nate our techniques? Is he not an intellectual 
inclined and fit to put basic questions'1 Unfor­
tunately, we arc obliged to re-examine our 
hopes here when we look at things as they are. 
We see quickly enough that the scientist is as 
specialized as the technician. as incapable of 
general ideas, and as much out of commission 
as the philosopher. Think of the scientists who, 
on one tack or another. have addressed them­
selves to the technical phenomenon: Einstein, 
Oppenheimer, Carrel. It is only too clear that 
the ideas these Qentlemen have advanced in the 
sphere or the philosophic or the spirtual arc 
vague, superficial, and contradictory in ex­
trc111is. They really ought to stick to warnings 
and proclamations, f'or as soon as they assay 
anything else. the other scientists and the tech­
nicians rightly refuse to take them seriously, 
and they even run the risk of losing their repu­
tations as scientists. 

Can the politicion bring it oil? In the dcmoc­
rncics the politicians arc subject to the wishes or 
their constituents who arc primarily concerned 
with the happiness and well-being which they 
think Technique assures them. Moreover, the 
further we get on, the more a con ll ict shapes up 
between the politicians and the technicians. We 
cannot here go into the matter which is just be­
ginning to be the object of serious study.!) But 
it would appear that the power of the politician 
is being (and will continue to be) outclassed by 
the power of tht: technician in modern states. 
Only dictatorship� can impose their will on 
technical evolution. But, on the one hand. hu­
man freedom would gain nothing thereby, and, 
on the other, a dicwtorship thirsty for power 
has no recourse al al I but to push toward an ex-
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cessive development of various techniques at its 
disposal. 

Any of us? An individual can doubtless seek 
the soundest attitude to dominate the techniques 
at his disposal. He can inquire arter the values 
to impose on techniques in his use or them, and 
search out the way to follow in order to remain 
a man in the fullest sense of the word within a 
technological society. All this is extremely dif­
ficult, but it is far from being useless, since it 
is apparently the only solution presently possi­
ble. But the individual's efforts arc powerless 
to rcsol ve in any way the technical problem in 
its universality; to accomplish this would mean 
that all men adopt the same values and the same 
behavior. 

2. The second real problem posed by the
technological society is whether or not a new 
civilization can appear which is inclusive ol' 
Technique. The clements of this question arc as 
difficult as those or the first. It would obviously 
be vain to deny all the things that can contribute 
something useful to a new civilization: security, 
case of living, social solidarity, shortening of 
the work week, social security, and so forth. 
But a civilization in the strictest sense of the 
term is not brought into being by all these 
things. 

A threefold contradiction resides between 
civilization and Technique of which we must be 
aware if we arc to approach the problem cor­
rectly: 

a. The technical world is the world of ma­
terial things; it is put together out or ma­
terial things and with respect to them.
When Technique displays any interest in 
man, it docs so by converting him into a
material object. The supreme and final
authority in the technological society is
fact, at once ground and evidence. And 
when we think on man as he exists in this
society it can only be as a being immersed
in a universe or objects, machines, and
innumerable material things. Technique
indeed guarantees him such material hap­
piness as material ohje<.:ts can. But, the
technical society is not, and cannot be, a
genuinely humanist society since it puts
in first place not man but material things.
It can only act on man by lessening him
and putting him in the way of the quanti­
tative. The radical contradiction referred
to exists between technical perfection and
human development because such pcrrcc­
tion is only 10 be achieved through quanti-

tative development and necessarily aims 
exclusively at what is measurable. Human 
excellence, on the contrary, is of the do­
main of the qualitative and aims at what 
is not measurable. Space is lacking here 
to argue the point that spiritual values 
cannot evolve as a function of material 
improvement. The transition from the 
technically quantitative to the humanly 
qualitative is an impossible one. In our 
times, technical growth monopolizes all 
human t'orces, passions, intelligences, 
and virtues in such a way that it is in prac­
tice nigh impossible to seek and find any­
where any distinctively human excel­
lence. And ii' this search is impossible, 
there cannot be any civilization in the 
proper sense or the term. 

b. Technical growth leads to a growth or
power in the sense of technical means in­
comparably more effective than anything
ever before invented, power which has as
its object only power, in the widest sense
or the word. The possibility or action be­
comes limitless and absolute. For exam­
ple, we are confronted for the first time
with the possibility of the annihilation or

all life on earth, since we have the means
to accomplish it. In eFery sphere or ac­
tion we arc faced with just such absolute
possibilities. Again, by way of example,
governmental techniques, which amalga­
mate organizational, psychological, and
police techniques, tend to lend to govern­
ment absolute powers. And here I must
emphasize a great law which I believe to 
be essential to the comprehension or the 
world in which we live, viz., that when 
power becomes absolute, values dis­
appear. When man is able to accomplish
anything at all. there is no value which
can be proposed to him; when the means
of action arc absolute, no goal of action
is imaginable. Power eliminates, in pro­
portion to its growth, the boundary be­
tween good and evil, between the just
and the unjust. We arc familiar enough
with this phenomenon in totalitarian so­
cieties. The distinction between good and
evil disappears beginning with the mo­
ment that the ground of action (for ex­
ample the miso11 d'ewt, or the instinct of
the proletariat) claims to have absolute
power and thus to incorporate ipso .Jc1cto
all value. Thus it is that the growth or
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technical means tending to absolutism 
forbids the appearance of values, and con­
demns to sterility our search for the 
ethical and the spiritual. Again, where 
Technique has place, there is the implica­
tion of the impossibility or the evolution 
of civilization. 

c. The third and final contradiction is that
Technique can never engender freedom.
Of course, Technique frees mankind from
a whole collection of ancient constraints.
It is evident, for example, that it liberates
him from the limits imposed on him by
time and space; that man, through its
agency, is free (or at least tending to be­
come free) from famine, excessive heal
and cold, the rhythms of the seasons,
and from the gloom of night; that the race
is freed from certain social constraints
through its commerce with the universe,
and from its intellectual limitations
through its accumulation of information.
But is this what it means really to be
free? Other constraints as oppressive and
rigorous as the traditional ones arc im­
posed on the human being in today's tech­
nological society through the agency of'
Technique. New limits and technical op­
pressions have taken the place of the
older, natural constraints, and we certain­
ly cannot aver that much has been gained.
The problem is deeper-the operation of
Technique is the contrary of freedom, an
operation of determinism and necessity.
Technique is an ensemble of rational and
efficient practices; a collection of orders,
i;chcmas, and mechanisms. All of this ex­
presses very wel I a necessary order and a
determinate process, but one into which
freedom, unorthodoxy, and the sphere of
the gratuitous and spontaneous cannot
penetrate. All that these last could possi­
bly introduce is discord and disorder. The
more technical actions increase in society,
the more human autonomy and initiative
diminish. The more the human being
comes to exist in a world of ever increas­
ing demands (fortified with technical ap­
paratus possessing its own laws to meet
these demands), the more he loses any
possibility of' free choice and individuality
in action. This loss is greatly magnified
by Technique's character of self-determi­
nation, which makes its appearance
among us as a kind of fatality and as a

species of perpetually exaggerated neces­
sity. But where freedom is excluded in 
this way, an authentic civilization has 
little chance. Confronted in this way by 
the problem, it is clear to us that no 
solution can exist, in spite or the writ­
ings of all the authors who have con­
cerned themselves with it. They all make 
an unacceptable premise, viz., rejection 
of Technique and return to a pre-technical 
society. One may well regret that some 
value or other of the past, some social or 
moral form, has disappeared; but, when 
one allacks the problem of the technical 
society, one can scarcely make the seri­
ous claim to be able to revive the past, a 
procedure which, in any case, scarcely 
seems to have been, globally speaking, 
much of an improvement over the human 
situation of today. All we know with cer­
tainty is that it was different, that the 
human being confronted other dangers, 
errors, difficulties, and temptations. Our 
duty is to occupy ourselves with the dan­
gers, errors, difficulties, and temptations 
or modern man in the modern world. All 
regret for the past is vain; every desire 
to revert to a former social stage is un­
real. There is no possibility of' turning 
back, of annulling, or even of arresting 
technical progress. What is clone is done. 
It is our duty to find our place in our pres­
ent situation and in no other. Nostalgia 
has no survival value in the modern world 
and can only be considered a !light into 
dreamland. 

We shall insist no further on this point. Be­
yond it, we can divide into two great categories 
the authors who search for a solution to the 
problem posed by Technique: The first class is 
that of' those who hold that the problem will 
solve itself; the second, of those who hold that 
the problem demands a great effort or even a 
great modification of the whole man. We shall 
indicate a number of examples drawn from 
each class and beg to be excused for choosing 
to cite principally French authors. 

Politicians, scientists and technicians arc to 
be found in the first class. In general, they con­
sider the problem in a very concrete and prac­
tical way. Their general notion seems to be that 
technical progress resolves all difficulties puri 
pus.1·u with their appearance, and that it con­
tains within itself the solution to everything. 
The sufficient condition for them, therefore. is 
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that technical progress be not arrested; every­
thing which plagues us today will disappear to­
morrow. 

The primary example of' these people is fur­
nished by the Marxists, f'or whom technical 
progress is the solution to the plight of the pro­
letariat and all its miseries, and to the problem 
posed by the exploitation of man by man in the 
capitalistic world. Technical progress, which is 
for Marx the motive force of history, neces.rnr­
i/y increases the forces of' production, and si­
multaneously produces a progressive conflict 
between forward moving !'actors and stationary 
social factors like the state, law, ideology, and 
morality, a conflict occasioning the periodic 
disappearance of the outmoded factors. Specif­
ically, in the world or the present, conflict ne­
cessitates the disappearance of the structures of 
capitalism, which are so constituted as to be 
completely unable to absorb the economic re­
sults of technical progress, and are hence 
obliged to vanish. When they do vanish, they of 
necessity make room for a socialist structure of 
society corresponding perrectly to the sound 
and normal utilization of Technique. The Marx­
ist solution to the technical problems is there­
fore an automatic one since the transition to 
socialism is ill itsel

f 

the solution. Everything is 
ex hypothesi resolved in the socialist society, 
and humankind finds therein its maturation. 
Technique, integrated into the socialist society 
"changes sign": from being destructive it be­
comes constructive; from being a means of 
human exploitation it becomes humane; the 
contradiction between the infrastructures and 
the suprastructurcs disappears. In other words, 
all the admittedly difficult problems raised in 
the modern world belong to the structure or 
capitalism and not to that of' Technique. On 
the one hand, it suffices that social structures 
become socialist for social problems to disap­
pear; and on the other, society 11111st neces.rnrily 
become socialist by the very movement of 
Technique. Technique, therefore, carries in it­
self the response to all the difficulties it raises. 

A second example of this kind of solution 
is given by a certain number of technicians, for 
example, Frisch. All difficulties, according to 
Frisch, will inevitably be resolved by the tech­
nical growth which will bring the technicians to 
power. Technique admittedly raises certain con­
flicts and problems, but their cause is that the 
human race remains attached to certain political 
ideologies and mornlitics and loyal to certain 
outmoded and antiquated humanists whose sole 

visible function is to provoke discord of heart 
and head, thereby preventing men from adapt­
ing themselves and from entering resolutely 
into the path of technical progress. /:,'rgo, men 
are subject to distortions of' lif'c and conscious­
ness which have their origin, 1101 in Technique, 
but in the conllict between Technique and the 
false values to which men remain attached. 
These fake values, decrepit sentiments, and out­
moded notions must inevitably be eliminated 
by the invincible progress of Technique. In par­
ticular, in the political domain, the majority of 
crises arise from the fact that men are still 
wedded to certain antique political forms and 
ideas, for example, democracy. All problems 
will be resolved if" power is delivered into the 
hands or the technicians who alone arc capable 
of directing Technique in its entirety and mak­
ing of' it a positive instrument for human ser­
vice. This is all the more true in that, thanks 
to the so-called "human techniques" (for ex­
ample, propaganda) they will be in a position 
to take account of the human ractor in the tech­
nical context. The technocrats will be able to 
use the totality of Technique without destroying 
the human being, but rather by treating him as 
he should be treated so as to become simul­
taneously useful and happy. General power ac­
corded to the technicians become technocrats is 
the only way out for Frisch, since they arc the 
only ones possessing the necessary compe­
tence; and, in any case, they arc being carried 
to power by the current of history, the fact 
which alone offers a quick enough solution to 
technical problems. It is impossible to rely 011 
the general improvement of the human species, 
a process which would take too long and would 
be too chancy. For the generality of men, it is 
necessary to take into account that Technique 
establishes an inevitahle discipline, which, on 
the one hand, they must accept, and, on the 
other, the technocrats will humanize. 

The third and last example (it is possible that 
there arc many more) is furnished by the econo­
mists, who, in very different ways, affirm the 
thesis of the automatic solution. Fourastie is a 
good example or such economists. For him, the 
first thing to do is to draw up a balance between 
that which Technique is able to deliver and 
that which it may destroy. In his eyes there is 
no real problem: What Technique can bring to 
man is incomparably superior to that which it 
threatens. Moreover, if difficulties do exist, 
they arc only temporary ones which will be re­
solved beneficially, as was the case with the 
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similar difficulties of the last century. Nothing 
decisive is at stake; man is in no mortal danger. 
The contrary is the case: Technique produces 
the foundation, infrastructure, and suprastruc­
ture which will enable man really to become 
man. What we have known up to now can only 
be called the prehistory of a human race so 
overwhelmed by material cares, famine, and 
danger, that the truly human never had an op­
portunity to develop into a civilization worthy 
of the name. Human intellectual, spiritual, and 
moral life will, according to Fourastie, never 
mature except when life is able to start from a 
complete satisfaction of its material needs, 
complete security, including security from fam­
ine and disease. The growth of Technique, 
thercl'orc, initiates the genuinely human history 
of the whole man. This new type of human be­
ing will clearly be different from what we have 
hitherto known; but this fact should occasion no 
complaint or fear. The new type cannot help 
being superior to the old in every way, ajier all 
the traditional (and exclusively material) obsta­
cles to his development have vanished. Thus, 
progress occurs automatically, and the inevita­
ble role of Technique will he that of guarantee­
ing such material development as allows the in­
tellectual and spiritual maturation of what has 
been up to now only potentially present in hu­
man nalllrc. 

The orientation or the other group of doc­
trines affirms, on the contrary, that man is dan­
gerously imperiled by technical progress; and 
that human will, personality, and organization 
must be set again to rights if society is to be 
able to guard against the imminent danger. Un­
fortunately, these doctrines share with their op­
posites the quality of being too optimistic, in 
that they affirm that their thesis is even feasible 
and that man is really capable of the rectifica­
tions proposed. I will give three very different 
examples of this, noting that the attitude in 
question is generally due to philosophers and 
theologians. 

The orientation of Einstein, and the closely 
related one of Jules Romains, are well known, 
viz., that the human being must get technical 
progress back again into his own hands, admit­
ting that the situation is so complicated and the 
data so overwhelming that only some kind of 
"superstate" can possibly accomplish the task. 
/\ sort of spiritual power integrated into a world 
government in possession or indisputable moral 
authority might be able to master the progres­
sion of techniques and to direct human evolu-

tion. Einstein's suggestion is the convocation of 
certain philosopher-scientists, whereas Ro­
ma ins' idea is the establishment of a "Supreme 
Court of Humanity.'' Both of these bodies 
would be organs of meditation, of moral quest, 
before which temporal powers would be forced 
to how. (One thinks, in this connection, of the 
role of the papacy in medieval Christianity 
vis-ii-vis the temporal powers.) 

A second example of this kind of orientation 
is given by Bergson, at the end of his work, 
n,e Two Sources of Mornlitv and Religion. 
According to Bergson, initiative can only pro­
ceed from humanity, since in Technique there is 
no · force des choses.·' Technique has con­
ferred disproportionate power on the human 
being, and a disproportionate extension to his 
organism. But, ''in this disproportionately 
magnified body, the soul remains what it was, 
i.e., too small to fill it and too feeble to direc t
it. Hence the void between the two." Bergson
goes on to say that "this enlarged body awaits
a supplement or soul, the mechanical demands
the mystical," and ... "that Technique will
never render service proportionate to its powers
unless humanity, which has bent it earthwards,
succeeds by its means in reforming itself and
looking heavenwards.'' This means that hu­
manity has a task to perform, and that man
must grow proportionately to his techniques,
but that he must 1vi// it and .fc>rce himself to
make the experiment. This experiment is, in
Bergson's view, a possibility, and is even fa­
vored by that technical growth which allows
more material resources to men than ever be­
fore. The required "supplement of soul" is
therefore of the order of the possible and will
suffice for humans to establish mastery over
Technique. The same position, it may be added,
has in great part been picked up by E. Mounicr.

A third example is afforded by a whole group 
of theologians, most of them Roman Catholic. 
Man, in his actions in the domain of the techni­
cal, is but obeying the vocation assigned him 
by his Creator. Man, in continuing his work of 
technical creation, is pursuing the work of his 
Creator. Thanks to Technique, this man, who 
was originally created "insufficient," is be­
coming "adolescent." He is summoned to new 
responsibilities in this world which do not tran­
scend his powers since they correspond exactly 
to what God expects of him. Moreover, it is 
God Himself who through man is the Creator of 
Technique, which is something not to be taken 
in itself but in its relation to its Creator. Under 
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such conditions, it is clear that Technique is 
neither evil nor fraught with evil consequences. 
On the contrary, it is good and cannot be dan­
gerous to men. It can only become evil to the 
extent that man turns from God; it is a clanger 
only if' its true nature is misapprehended. All 
the errors and problems visible in today's world 
result uniquely from the fact that man no longer 
recognizes his vocation as God's collaborator. 
If man ceases to adore the "creature" (i.e., 
Technique) in order to adore the true God; if he 
turns Technique to God and to His service, the 
problems must disappear. All of this is consid­
ered the more true in that the world transformed 
by technical activity must become the point of 
departure and the material support of the new 
creation which is to come at the encl of time. 

Finally, it is necessary to represent by itself 
a doctrine which holds at the present a place of 
some importance in the Western world, i.e., 
that or Father Teilhard de Chardin, a man who 
was simultaneously a theologian and a scien­
tist. His doctrine appears as an intermediate 
between the two tendencies already sketched. 
For Chard in, evolution in general, since the ori­
gin of the universe, has represented a constant 
progression. First of all, there was a motion 
toward a diversification of matter and of beings; 
then, there supervened a motion toward Unity, 
i.e., a higher Unity. In the biological world,
every step forward has been effected when man
has passed from a stage or "dispersion" to a
stage of "concentration." At the present, tech­
nical human progress and the spontaneous
movement or life arc in agreement and in mu­
tual continuity. They are evolving together to­
ward a higher degree of organization, and this
movement manifests the influence of Spirit.
Matter, left to itself, is characterized by a nec­
essary and continuous degradation. But on the
contrary, we note that progress, advancement,
improvement do exist, and, hence, a power
contradicting the spontaneous movement of
matter, a power of creation and progress exists
which is the opposite of matter, i.e., it is Spirit.
Spirit has contrived Technique as a means of
organizing dispersed matter, in order simulta­
neously to express progress and to combat the
degradation of matter. Technique is producing
at the same time a prodigious demographic ex­
plosion, i.e., a greater density of human popu­
lation. By all these means it is bringing forth
""communion" among men; and likewise creat­
ing from inanimate matter a higher and more
organized form of matter which is taking part

in the ascension of the cosmos toward God. 
Granting that it is true that every progression 
in the physical and biological order is brought 
about by a condensation of the elements of the 
preceeding period, what we are witnessing to­
day, according to Chardin, is a condensation, 
a concentration of the whole human species. 
Technique, in producing this, possesses a func­
tion of unification inside humanity, so that hu­
manity becomes able thereby to have access to 
a sort of unity. Technical progress is therefore 
synonymous with ;'socialization," this latter 
being but the political and economic sign of 
communion among men, the temporary expres­
sion of the •·condensation" of the human spe­
cies into a whole. Technique is the irreversible 
agent of this condensation; it prepares the new 
step forward which humanity must make. When 
men cease to be individual and separate units, 
and all together form a total and indissoluble 
communion, then humanity will be a single 
body. This material concentration is always ac­
companied by a spiritual, i .c., a maturation of 
the spirit, the commencement of a new species 
of life. Thanks to Technique, there is ··social­
ization," the progressive concentration on a 
planetary scale of disseminated spiritual person­
alities into a suprapcrsonal unity. This mutation 
leads to another Man, spiritual and unique, 
and means that humanity in its ensemble and in 
its unity, has attained the supreme goal, i.e., 
its fusion with that glorious Christ who must 
appear at the end of time. Thus Chardin holds 
that in technical progress man is '"Christificcl,'' 
and that technical evolution tends inevitably 
to the "edification" or the cosmic Christ. 

It is clear that in Chard in 's grandiose per­
spective, the individual problems, dil'liculties, 
and mishaps of Technique arc negligible. It is 
likewise clear how Chardin's doctrine lies mid­
way between the two preceding ones: On the 
one hand, it affirms a natural and involuntary 
ascension of man, a process inclusive or biol­
ogy, history, and the like, evolving as a kind of' 
will of God in which Technique has its proper 
place; and, on the other, it affirms that the evo­
lution in question implies consciousness, and an 
intense i11vo/1•e111e111 on the part of man who is 
proceeding to socialization and thus co111111iti11g 
himself to this mutation. 

We shall not proceed to a critique of these 
different theories, but content ourselves with 
noting that all or them appear to repose on a 
too superficial view or the technical phenome­
non; and that they arc prnctirnlly inapplicable 
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because they presuppose a certain number of 
necessary conditions which are not given. None 
of these theories, therefore, can be deemed sat­
isfactory. 

NOTES 

'In his book l.<1 'f'ech11iq11e, Jacques Ellul states he is "in 
substantial agrc<.'.111em" with H. 0. Lasswcll's delinition or 
technique: "the ensemble or practices by which one uses 
available resources in order lo achieve ccnain valued 
ends." Com111cming on Lasswcll's dclinition, Ellul says: 
"In the exa111ples which Lasswell gives, one discovers that 
he conceives the terms or his definition in an extre111ely 
wide 111anner. He gives a list or values and the correspond­
ing techniques. For example. he indicates as values riches. 
power, well-being, afkction, and so on, with the techniques 
or government, production, 111edicine, the ramily. This 
notion or value may sec111 somewhat novel. The expression 
is 111anifestly improper. But this indicates that Lasswell 
gives 10 techniques their full scope. Besides, he makes it 
quite clear thm it is necessary lO bring i1110 the account not 
only the ways in which one inlluences things, hut also the 

ways one inlluences persons." "Technique" as it is used 
by Ellul is most nearly equivale111 10 what we com111only 
think of as "the technological order" or "the: technological 
society." (Trans.) 
"CL K. Horney. 
"A kind or French bea111ik. (Trans.) 
'The psychoanalyst Jung has much 10 say along this line. 
'' An untranslatable French play on words. De/b11/e111e111 is 
an invented word which presumably expresses the opposite 
of rejbule111e111. i.e., repression. 
,;-f'cilhard de Chardin r<.!pres<.!lllS. in his works, the best ex­
ample of this. 
'Examples of sud1 myths are: ··Happiness," "Progress," 
"The Golden Age," etc. 
"French sujer. The usual rendering, ··subject,·· would indi­
cate exactly the contrary of what is meant her�. viz .. the 
opposite of "object." The present sense of "subject" is 
that in vinue of which it governs a grarn111a1ical object, 
for example. (Trans.) 
"Sec, for example, the reports of the International Congress 
for Political Science, October. 1961. 
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Man the technician 

,J OSE ORTEGA Y GASSET 

■ Jose Onega y Gasset / 1883- / 955/ 1 1 ·11s II  Sp1111ish e.H11vis1 1111d /lhi!osopher. He 11 · £ 1.1· bom in M11drit! of a /Jllfrici<11 1

.fi1 1 1 1ilv . He w11gllf m rhe U11i 1 ·asi1v of ' M11drid , 11111/ 1 1 •1 1 .1· 1 1/so 11 1 ·1in• 11s I I  jou nwlisr <11 /1! 1 1  polirician . He is kno11 ·n ji>r 

his 111 111/ysis o( hisrory «I/II modem rnl/ / /re ,  11nd l'.lpeci11 /lv ji,r his pl'l 1errn1ing .\'/udy ,!f' rhe unique/_,. mot/em /lhenom­

e11011 · 'mll.1·.1· 11u1 11 . · · His book The Revol t  of '  the Masses i>mughr him i111enulfiu110/ recug11i1iu11 . /-! is philosophirnl l ' iel l 's 

rnlminmf!d Ol'<'I' /ht! .)'f!llrs i11 011 exis1e1lfia li.\'/ posi1io11 which regarded rhe main \ 'OC11fio11 of ' fil l' self ' rn be selfreali;:a­

tion . /-le he/ti rlwt the J1 1 1nu111  heing i.,· clecisi1 ·ely .Ji·,,e in his i,mer se�f und rlwr man is !tis history . 

For Ortega 11w11 is nor un a 11i111u/ 1dth a 1ech110/ogical g 1p .  Man is , in his l 'ery heing . ' ' se(fmrule anti a 1 1t1�/l 1hri­

Cllf{'(f . "  'f'/111s Ji1i>ricurio11 sh11pe.1· rhe l>ei11g of ma 11 . '/'he ll 'Orld .1· 11rro1uu/.1· 1 11011 1 vi1h a 1 vd> u/ji 1cilirie.1· 01 1d dUfirnlrie.1· ,  

.w 1'1111  hi.1· 1·xi.1· 1< •11ce i n  rhe \ \ 'Oriti i s  · ·01 1  1111e11di11g .1·1mggle 111 acc11111oda1e him.H•I
I 
i11 i1 . · '  Ir i.,· 1hmu1:h rll is .,·rmggle

tltar IJl<llt ul OJH 'l' de.Jines his /Jeing t 1 1u/fahricares ii . '/'he origin.,· <f tecltnology 1/11 1 .,· are emhedt!ed deep within mu1 1 ·  .,· 

l1ei 1 1g mu/ his sifl/(/fio11 i1 1  rhe 1 1 •orld . '/'/u• · 'Jim11 iduble u11d 1 1 1 //)(l/'//lleled c/1(1/ ' / IC/er l l 'h ich 111ukes 1 1 11 1 1 1  1 1 1 1 iq1 1e i11 rhe 

1 1 1 1 i \ lerse · · is rlwt !te i.\· ' ' un  e111i1y 1 1 '/l<J.\'l' being co11si.,·1.,· in 1101 yet hl'ing , · ·  that is , 01 1  entity 1 1 •/i ic/1 1\· tie.fined hy its 

C 'hoice.\' of 1v/u 11 is not yet . /Jui the.,·e , ·ery choice.,· that dejine 11u111 ' .,· /Jeing are crucial e/e111e111.\· in 1he process <�{ t1HIO­

ji1 /irirnrio11 . For rhis re11.1·011 1 1w11 is hi,· h i l'ron• . 

EXCURSION TO TH E SUBSTRUCTUirn 

OF TECHNOLOGY 

The answers wh ich  have been g iven to the 
quest ion , what i s  techno l ogy , arc appa l l i ngl y  
superf i c i a l ; a n d  what i s  worse , th i s  can not be 
b lamed on chance . For the same h appens  to a l l  
quest i ons  deal i ng w i t h  what i s  t ru l y  h u man i n  
h u m a n  beings . There i s  n o  way or  th rowing  
l igh t  upon them un t i l t hey  arc tack led i n  those
profound strata from w h i ch everyth i ng properl y
hu man evo l ve s .  As l ong as we con t inue  to
speak of the prob lems that  concern man as
though we knew what man rea l l y  i s ,  we shal l
on l y  succeed i n  i n vari ab ly  leav ing  the true i ssue
beh i nd .  That  i s  what  h appens wi th  tech nology .
We mus t  rea l i ze i n to what fu ndamenta l  depths
our argument  w i l l  l ead u s .  How docs i t  come to
pass that there ex i s t s in the u n iverse t h i s  s t range
thing ca l l ed techno logy , the abso l u te cosmic
fact of man the techn ic i an?  I r  we seriou s l y i n ­
tend to f i nd  an  answer , we  mus t  be  ready to
pl u nge i n to  certa i n  unavo idab le  profund i t i es .

We sha l l  then come upon the f'aet  that  an 
ent ity in  the u n i verse , man , has no other way or 
ex ist i ng than by bei ng in another en t i ty , nature 
or the world .  Th i s  re la t ion of be ing one in the 
other,  man i n  na ture ,  might  take on one of t h ree 
poss i b l e  aspects . Nature m ight o ffer man 
noth ing  bu t  fac i l i t ies for h i s  ex i s tence in i t .  
That wou ld mean that  the be ing o f  man co i n -

D S<!lect ion i s  r<.:pr i 1 1 1ed from · 'Hi.worv ,I.I· 1 1  S_1·s1<•111 ' · 011d 
Orher !is.my.,· Towurd a Philosophy of' 1/i.wory .  by Jose 
Onega y G,1sset . w i t h  the p<.:rm i s s i on of W. W. N orton & 

Company , I n c .  Trans .  by Helene Wey l .  Copyr i gh t  1 94 1 . 
ru 1 96 1 by W . W .  Norton & Company ,  I nc .  

c ides fu l l y  w i t h  that o f  nat u re or , what i s  the  
same , tha t  man i s  a natu ra l  bei ng . Tha t  i s  the  
case  or  the  s tone , the  p lant , and , probab l y ,  the  
a n i ma l . I f  i t  were that of man , too , he wou ld  be  
wi thout  necess i t ies , he  wou ld  lack not h i ng ,  he  
wou ld no t  be  needy . H i s  des i res and the i r 
sat i s fact ion wou ld  be one and the  same . He 
wou ld  wish ror not h i ng that  d id  not exis t  i n  
the world and , converse ly , whatever h e  w i shed 
ror wou ld  be there of i t se l f, as i n  the fa i ry ta l c 
or the mag ic wand . Such an ent i t y  cou ld  not 
experi ence the world as someth i ng a l i en  to h i m ­
se l f; ror the world wou ld  o ffer h i m  no res i s ­
tance . He wou ld be  i n  t he  world as though he 
were i n  h imse l f. 

Or the  oppos i te m igh l  happen . The world 
might offer to man noth ing but d i f 'f i cu l t i e s ,  i . e . , 
the be ing  of the world and the bei ng of man 
migh t  be comp lete l y  an ta gon i st i c .  In  th i s  case 
the world wou ld be no abode for man ;  he cou ld  
not  e x i st i n  i t ,  no t  even  for the fract ion of' a sec­
ond . There wou ld  be no hu man l i fe and , conse­
quent l y ,  no techno logy . 

The t h i rd poss i b i l i ty i s  the one that  preva i l s  
i n  rea l i t y .  L iv ing  i n  the worl d , m a n  f i nds  tha t  
the wor ld  surrounds h i m  as an i n t rica te net 
woven of both fac i l i t ies and d i fficu l t ies . I ndced , 
there are not many th i ngs i n  it wh ich , potent i a l ­
l y ,  are no t  bot h .  The earth supports h i m ,  en­
ab l i ng h im to l ie  down when he i s  t i red and to 
ru n when he has to  f lee . A sh ipwreck w i l l  br ing 
home to h im the  advan tage of t he  f i rm earth - a 
th ing grown humb le  from hab i wde . B u t  the 
earth a lso means d i s t ance . Much earth may sep­
arate h im rrom the spri ng when he i s  t h i rs ty . Or 
the earth  may tower above him as  a steep s lope 

26



 SOME SAi.JEN'! VIEWS ON ·1 ECIINOLOGY 

that is hard to climb. This fundamental phe­
nomenon-perhaps the most fundamental of 
all-that we are surrounded by both facilities 
and difficulties gives to the reality called human 
life its peculiar ontological character. 

For if man encountered no facilities it would 
be impossible for him to be in the world, he 
would not exist, and there would be no prob­
lem. Since he finds facilities to rely on, his ex­
istence is possible. But this possibility, since he 
also finds difficulties, is continually challenged, 
disturbed, imperiled. Hence, man's existence is 
no passive being in the world; it is an unending 
struggle to accommodate himself in it. The 
stone is given its existence: it need not fight for 
being what it is-a stone in the field. Man has 
to be himscl f in spite of unfavorable circum­
stances; that means he has to make his own ex­
istence at every single moment. He is given the 
abstract possibility of existing, but not the real­
ity. This he has to conquer hour arter hour. 
Man must earn his life, not only economically 
but metaphysically. 

And all this for what reason? Obviously­
but this is repeating the same thing in other 
words-because man's being and nature's be­
ing do not fully coincide. Because man's being 
is made of such strange stuff as to be partly akin 
to nature and partly not, at once natural and ex­
tranatural, a kind of ontological centaur, half 
immersed in nature, half transcending it. Dante 
would have likened him to a boat drawn up on 
the beach with one end of its keel in the water 
and the other in the sand. What is natural in 
him is realized by itself; it presents no prob­
lem. That is precisely why man does not consid­
er it his true being. His extranatural part, on the 
other hand, is not there from the outset and of 
itself; it is but an aspiration, a project of life. 
And this we feel to be our true being; we call 
it our personality, our self. Our extra- and anti­
natural portion, however, must not be inter­
preted in terms of any of the older spiritual 
philosophies. I am not interested now in the so­
called spirit (Geis!}, a pretty confused idea 
laden with speculative wizardry. 

If the reader reflects a little upon the meaning 
of the entity he calls his life, he will find that 
it is the attempt to carry out a definite program 
or project of existence. And his self-each 
man's self-is nothing but this devised pro­
gram. All we do we do in the service of this 
program. Thus man begins by being something 
that has no reality, neither corporeal nor spiri-

tual; he is a project as such, something which 
is not yet but aspires to be. One may object 
that there can be no program without somebody 
having it, without an idea, a mind, a soul, or 
whatever it is called. I cannot discuss this thor­
oughly because it would mean embarking on a 
course of rhilosophy. But I will say this: al­
though the project of being a great financier has 
to be conceived of in an idea, "being" the proj­
ect is different from holding the idea. In fact, I 
find no difficulty in thinking this idea but I am 
very far from being this project. 

Here we come upon the formidable and un­
paralleled character which makes man unique in 
the universe. We arc dealing-and let the dis­
quieting strangeness of the case be well noted­
with an entity whose being consists not in what 
it is already, but in what it is not yet, a being 
that consists in not-yet-being. Everything else 
in the world is what it is. An entity whose mode 
of being consists in what it is already, whose 
potentiality coincides at once with his reality, 
we call a "thing." Things are given their being 
ready-made. 

In this sense man is not a thing but an aspira­
tion, the aspiration to be this or that. Each 
epoch, each nation, each individual varies in its 
own way the general human aspiration. 

Now, I hope, all terms of the absolute phe­
nomenon called "my life" will be clearly un­
derstood. Ex i stcnce means, for each or us, the 
process of realizing, under given conditions, the 
aspiration we are. We cannot choose the world 
in which to live. We find ourselves, without 
our previous consent, embedded in an environ­
ment. a here and now. And my environment 
is made up not only by heaven and earth around 
me, but by my own body and my own soul. I 
am not my body; I find myself with it. and with 
it I must live, be it handsome or ugly, weak or 
sturdy. Neither am I my soul; I find myself with 
it and must use it for the purpose of living al­
though it may lack will power or memory and 
not be of much good. Body and soul arc things: 
but I am a drama, if anything, an unending 
struggle to be what I have to be. The aspiration 
or program I am, impresses its peculiar profile 
on the world about me, and that world reacts 
to this impress, accepting or resisting it. My 
aspiration meets with hindrance or with further­
ance in my environment. 

At this point one remark must be made which 
would have been misunderstood before. What 
we call nature, circumstance, or the world is es-
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sentially nothing but a conjunction of favorable 
and adverse conditions encountered by man in 
the pursuit of this program. The three names arc 
interpretations of ours; what we first come upon 
is the experience of being hampered or favored 
in living. We arc wont to conceive of nature 
and world as existing by themselves, indepen­
dent of man. The concept "thing" likewise 
refers to something that has a hard and fast be­
ing and has it by itself and apart from man. But 
I repeat, this is the result of an interpretative 
reaction of our intellect upon what tirst con­
fronts us. What hrst confronts us has no being 
apart from and independent of us; it consists 
exclusively in presenting facilities and difficul­
ties, that is to say, in what it is in respect to our 
aspiration. Only in relation to our vital program 
is something an obstacle or an aid. And accord­
ing to the aspiration animating us the facilities 
and difficulties, making up our pure and funda­
mental environment, will be such or such, 
greater or smaller. 

This explains why to each epoch and even to 
each individual the world looks different. To 
the particular profile of our personal project, 
circumstance answers with another definite pro­
file of facilities and difficulties. The world of 
the businessman obviously is different from the 
world of the poet. Where one comes to grief, 
the other thrives; where one rejoices, the other 
frets. The two worlds, no doubt, have many 
clements in common, viz., those which corre­
spond to the generic aspiration of" man as a spe­
cies. But the human species is incomparably 
less stable and more mutable than any animal 
species. Men have an intractable way of being 
enormously unequal in spite of all assurances 
to the contrary. 

LIFE AS AlJTOFABRICATION­

TECHNOLOG Y AND DESIRES 

From this point of" view human life, the exis­
tence of man, appears essentially problematic. 
To all other entities of the universe existence 
presents no problem. For existence means ac­
tual realization of an essence. It means, for in­
stance, that "being a bull" actually occurs. A 
bull, if he exists, exists as a bull. For a man, on 
the contrary, to exist does not mean to exist at 
once as the man he is, but merely that there 
exists a possibility of, and an effort towards, ac­
complishing this. Who of us is all he should be 
and all he longs to be'1 In contrast to the rest of
creation, man, in existing, has to make his exis-

tence. He has to solve the practical problem of 
transferring into reality the program that is him­
self. For this reason "my life" is pure task, a 
thing inexorably to be made. It is not given to 
me as a present; I have to make it. Life gives 
me much to do; nay, it is nothing save the "to 
do" it has in store for me. And this "to do" is 
not a thing, but action in the most active sense 
of the word. 

In the case of other beings the assumption is 
that somebody or something, already existing, 
acts; here we are dealing with an entity that 
has to act in order to be; its being presupposes 
action. Man, willy-nilly, is self-made, autofab-
1-icated. The word is not unfitting. It emphasizes
the fact that in the very root of his essence man
finds himself called upon to be an engineer.
Life means to him at once and primarily the
effort to bring into existence what does not exist
oftliand, to wit: himself. In short, human life
"'is" production. By this I mean to say that
fundamentally life is not, as has been believed
for so many centuries, contemplation, thinking,
theory, but action. It is fabrication; and it is
thinking, theory, science only because these are
needed for its autofabrication, hence secondari­
ly, not primarily. To live ... that is to find
means and ways for realizing the program wc
ctre.

The world, the environment, presents itself 
as 111llteria pri111ll and possible machine for this 
purpose. Since man, in order to exist, has to be 
in the world and the world does not admit forth­
with of the full realization of his being, he sets 
out to search around for the hidden instrument 
that may serve his ends. The history of human 
thinking may be regarded as a long series of 
observations made to discover what latent pos­
sibilities the world offers for the construction of 
machines. And it is not by chance, as we shall 
shortly sec, that technology properly speaking, 
technology in the fullness of its inaturity, be­
gins around 1600, when man in the course of 
his theoretical thinking about the world comes 
to regard it as a machine. Modern technology 
is linked with the work of Galileo, Descartes, 
Huygens, i.e., with the mechanical interpreta­
tion of the universe. Before that, the corporeal 
world had been generally believed to be an 
a-mechanical entity, the ultimate essence of
which was constituted by spiritual powers of
rnore or less arbitrary and uncontrollable nature;
whereas the world as pure mechanism is the ma­
chine of machines.
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It is, therefore, a fundamental error to be­
lieve that man is an animal endowed with a tal­
ent for technology, in other words, that an ani­
mal might be transmuted into a man by magical­
ly grafting on it the technical gift. The opposite 
holds: because man has to accomplish a task 

fundamentally different from that of the animal, 

an extranatural task, he cannot spend his ener­
gies in satisfying his elemental needs, but must 
stint them in this realm so as to be able to em­

ploy them freely in the odd pursuit of realizing 
his being in the world. 
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HISTORICAL 

The vita activa and the modern age 
The reversal within the vita activa and the victory of homo {<,her

HANNAH AREN DT 

■ H a nnah /l rcndt / / 906- / 9 75 ) 1 1 ·1 1s 1)/)m in /-11111n1! \ · 1•r 1 1nd i11 1 1 1 1ig ruted w thl' U11i1ed S1111es in / 94 1 .  She u11 1ght
philosophy 111 .H'l 'i!/'1/I i1 1s1iw1io11 .1·. 1/w 111st hei11g the Ne 11• School Jin·  Social Re.1·rnrt 'h , 1vhil 'i1 she joi11ed i11 / 967 .
She re11wi11l'd t/Jerl' un t i l  her rlearh . Slw 1w1s  011 l'r11tli1,, an t i  disciplined thinkl'r who < '0111/Ji,wrl inruirion with fJOIW!I '· 
}it! re11 .1·011i1 1g . She \\ 'II .I' 1 1  cri1irnl i 1 1 1 ·e.l'1ig111or of polirirnl / II / (/  philo.1·ophirnl d1• 1 •e/op1111·111 .1· rlm111g/w111 hi .1·101- v . Ir 
1 1111s i11 the c1111r.1·e of such i 1 1 1 ·es1igurio11.1· rhur she prn, •i<led ha 0 1 1 11 1  highly co111m1 ·a.l'i11/ i1111•1pre1111io11s of rhese
develop11 1 1•111s . 11 11 1111 1g h er 1v 1 1rk.l· or/' The Orig i n s  of  Tot a l i t a r i nn i s rn  / 1 95 / )  1 1 1 1d Th� H u man Cond i t ion / / 951!) ,  o/' 
,vhich the ji,!lo11•i11g is 1111 e.\H'l'/H . 

/11 1/11• .1·l' t ' r i 111 1  Ji-m11 1 1 1hich rlti.1· p11s.rnge is 111ke11 , 1l rrndr di,1·c11.1·se.1· rhe hi .1wricul .l'hijt i11 11u11 1 ' .1· hil'mrch_,, <!/ ' wtl1 1e .  
!Ir  011e rime rhe h ighest posirio11 i1 1  1h111 hia11rc/1y "'"·1· 1wrnpied hv c11111e111p/111io11 . / 1 1  modem times rhis  is 1 10 lo11ger 
//'lit' . /l r('lldl 1111e111prs to expl"i" that the .1·ig11ifin111/'I' of' rhi.l' l 'iw11gl' goe.1· b1·.1•011d mere r1•1,l11ce1111·111 of co111e111p/11 -
tio11 bv jit!Jrirnrio11 . A.fier 11// , 11s 1l rel/(/t poi11 1.1· 0111 · · rn1111•1111Jl1 1 tio11 U/1(/ Ji1hrict 1tio11 . . .  h 1 1 1 ·e 1 1 1 1  i 1 1 1 1er 11fli1 1ity . · · '/'/wt 
11jji11irv Iii'.\' i 1 1 rhe ji,cr rh111 " co111e111p/1 11i1111 . rhe beholding 11f' .1·0111e1hi11g , 1 1 • 1 1 .1· co11sitlt'rl'tl w be 1111 i11hNe111 e!e111e111 
i11 Ji1/Jrirnrio11 11s 1 1 •ell , i 1 1 1 1s111111 h 11s rlw 1v11rk r!f' the cmfi.1m1111 1 1 · 1 1s g11itled l,y 1/1<• · ' idea , · ·  rhe 11111del beheld hv hi111 
bejiJrt' !he Ji1hrirnrio11 proce.1·, fwd 1·1 1 1 rred 11.1· 1 1 ·ell ti.I' 11/il'I' ir  ended . She p11i111 .1· 0111 1h111 1he 1 ra//i1io11 1 1I sense of' co11 -
1eJ11plmio11 is romed in !he cr(lfisJ1111 1 1 ' .1· rl'l'og11irio11 1hm rhe models 1!f 'hi.1·.fi1bric111io11 art' e1em11 I .  Since rlw cn1/i.mw11 
co11 011/y i111 it111e 11 1 1 // 1101 cre111e , his , vork c111 1  only spoil !he e.rce/le1 1ce of' 1hes1• e1em11/ models . 'f'/1 1 1s rhe proper 
1111iwde of rhe crnji.1·1111 1J 1  10,v"rd rhe mode/.1· is 10 · · re1101111ce !,is c11p11dty .fin· ,vork ' ' / II /(/ do 1101hi111; . He rn11 1he11 
/Jehold 1/,e 111odel.1· 0111/ parricip111e i11 !heir eremiry . ll re11dt 11rg 11es rlwr 1his ki11d of' c ·o11/eJ11p!o1io11 "rem11im· purr 
1111d parcel 1�( 11 .fi1/Jrirn1io11 proces.1· e 1 T11  rho11gh i1 di 1 •offed irselfji-0111 ( I// work . · · 

The .l'ig11ifirn111 f'li/J//ff1' i1 1 1/11• hiemrc!,v off11rrerl 1 1 1h e11 1hc 1mdiri1111"I 1•111plw.1·i.1· 011 /Joth rhe prod11c1 m11/ rll l '  
model wos sh ijied en,;rely ro the process of prod1wtio11 , 1Vh ich \Vt/.\' now reJ..:ordl'{/ <1.\' the 011/y smtrn' <f reality . /1 1  
other 1 1 'f)rds , there 1w1.\' u .,·hiji ji-<nn emplursis 011 ends to e111ph"si.\' 011 men11.\· . Co11templa1io11 1w1s no /()JtMl!f' re­
garded 11 .,· 11  .1·011rt'e of' lrlilh . and ir !osr ii.I' posirio11 i11 rhe v i ta act iva  irscl(. ll re11dr b1•/ie1 •e.l' 1h111 rhi.,· shiji i.1· rhe 111os1 
.\'i;.:11ijin11 1 1  aspect <�l the clu11 1,i.:e to 11 10den1 limes . 

First  among the acti v i t ies w i t h i n  the  viw t rc­

tiva I to r ise to the pos i t ion rormcrly occup ied by 
contemp l at ion were the act i v i t i es or mak ing and 
fabricat i ng - the prerogat i ves of homo Jc1/Ja . 

Th is  was nat u ra l  enough , s i nce i t  had been an 
i nstru ment and thcrcrorc man in so fa r as  he is a 
tool maker t ha t  l ed to the modern revo l u t ion . 
From then on , a l l  sc ien t i f i c  progress has  been 
most i n t i mate ly t ied up w i th  the ever more re­
f i ned deve lopment i n  the manufactu re of new 
too l s  and instruments . W h i l e ,  for i n s tance , Ga­
l i l eo ' s  exper i ments  with the fa l l  of heavy bod ies 
cou ld have been made al any t ime in  h i story i f  
men  had  been i n c l i ned lo  seek t ruth through  ex­
peri ments , M iche l son ' s  exper i ment w i th  the 
i n terferometer at the end of the n i neteenth cen­
t u ry re l i ed not mere l y on h is  " ex peri men ta l 
gen i us "  but " req u i red the general advance i n  
technol ogy , "  and therefore " cou ld  not have 
been made ear l i e r  than i t  was . " 2 

D From 'f'l,e //1 1m111 1  Co11di1io11 (Ch i cago: Th� U n i v�rs i 1 y  of '  
Ch i cago Pr�ss .  1 969) . pp .  294-304 . © 1 958 hy The U n i ­
vers i t y  of Ch icago.  

I t  i s  not only the paraphernal i a  of i n s t ru men t s  
and  hence the he lp  man had to en l i st from l,01110 

Jcrber to acqu i re know ledge t hat cau sed these 
act i v i t ies  to ri se rrom the i r  former hu mb le  p l ace 
in the h ierarchy or h u man capac i t i e s . Even 
more dec i s i ve  was the c lement  or  ma k i ng and 
fabri cat i ng  presen t  i n  the experiment i t se l r, 
wh ich  produces i t s  own phenomena or observa­
t i on and therefore depends from the very ou t set 
upon man ' s  product i ve  capac i t ie s .  The u se or 
the exper i ment for the pu rpose of knowledge 
was a l ready the conseq uence of the conv i c t i on  
t ha t  one  can  know on ly  wha t  he ha s  made  h i m­
se l f, for th i s  conv ic t ion meant  that  one m ight  
learn abou t those t h i ngs man d id  not make by 
f igur ing ou t and i m i t a t i ng the  processes t h rough 
wh ich  they had come i n to be i ng .  The much d i s­
cussed sh i ft of emphas i s  i n  t he  h i s tory or 
science from the old quest ions of ' · what " or 
' ' why"  someth i ng i s  to the  new quest ion  of 
"how" i t  came i nto be i ng i s  a d i rect conse­
quence or t h i s  t:onv ic t ion , - and i t s  answer  citn 
on ly  be found in the experimen t . The exper i ­
men t  repeats t he  nat u ra l  process as t hough  man
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himself were about to make nature's objects, 
and although in the early stages or the modern 
age no responsible scientist would have dreamt_of the extent to which man actually 1s capable ol 
"making'' nature, he nevertheless from the on­
set approached it from the standpoint of the One 
who made it, and this not for practical reasons 
of technical applicability but exclusively ror the 
"theoretical" reason that certainty in knowl­
edoe could not be gained otherwise: "Give me 
1rn7tter and I will build a world frorn it, that is, 
oivc me matter and I will show you how a world 
developed from it. ":1 These words of Kant
show in a nutshell the modern blending of mak­
ing and knowing, whereby it is as though a few 
centuries of knowing in the mode of making 
were needed as the apprenticeship to prepare 
modern man ror making what he wanted to 
know. 

Productivity and creativity, which were to 
become the highest ideals and even the idols or 
the modern age in its initial stages, arc inherent 
standards of homo fober, of man as a builder 
and fabricator. However, there is another and 
perhaps even more significant element notice­
able in the modern version of these faculties. 
The shift from the "why" and ''what" to the 
·'how'' implies that the actual objects of knowl­
edge can no longer be things or eternal motions
but must be processes, and that the object or
science therefore is no longer nature or the uni­
verse but the history, the story of the coming in­
to being, of nature or life or the universe. Long
before the modern age developed its unprece­
dented historical consciousness and the concept
of history became dominant in modern phi­
losophy, the natural sciences had developed
into historical disciplines, until in the nine­
teenth century they added to the older disci­
plines of physics and chemistry, of zoology and
botany, the new natural sciences of geology or
history of the earth, biology or the history of
life, anthropology or the history of human life,
and, generally, natural history. In all these in­
stances, development, the key concept of the
historical sciences, became the central concept
of the physical sciences as well. Nature,
because it could be known only in processes
which human ingenuity, the ingeniousness of
homofa/Jcr, could repeat and remake in the ex­
periment, became a process;1 and all particular
natural things derived their significance and
meaning solely from their functions in the over­
all process. In the place of the concept of Being
we now find the concept of Process. And

whereas it is in the nature of Being to appear 
and thus disclose itself, it is in the nature of Pro­
cess to rt:main invisible, to be something whose 
existence can only be inferred from the pres­
ence of certain phenomena. This process was­
originally the fabrication process which · 'disap­
pears in the product,'' and it was based on the 
experience of ho111ofoher, who knew that a pro­
duction process necessarily precedes the actual 
existence of every object. 

Yet while this insistence on the process of 
making or the insistence upon considering 
every thing as the result of a fabrication process 
is highly characteristic of homo fa/Jer and his 
sphere of experience, the exclusive emphasis 
the modern age placed on it at the expense of all 
interest in the things, the products themselves, 
is quite new. It actually transcends the men­
tality of man as a toolmaker and fabricator, for 
whom, on the contrary, the production process 
was a mere means to an end. Here, from the 
standpoint of homo fo/Jer. it was as though the 
means, the production process or development, 
was more important than the end, the finished 
product. The reason for this shift of emphasis is 
obvious: the scientist made only in order to 
know, not in order to produce things, and the 
product was a mere by-product, a side effect. 
Even today all true scientists will agree that the 
technical applicability of what they are doing is 
a mere by-product of their endeavor. 

The full significance of this reversal of means 
and ends remained latent as long as the mech­
anistic world view, the world view of horno 

faber par excellence, was predominant. This 
view found its most plausible theory in the 
famous analogy of the relationship between na­
ture and Goel with the relationship between the 
watch and the watchmaker. The point in our 
context is not so much that the eighteenth-cen­
tury idea of God was obviously formed in the 
image of homo fober as that in this instance the 
process character of nature was still limited. Al­
though all particular natural things had already 
been engulfed in the process from which they 
had come into being, nature as a whole was not 
yet a process but the more or less stable end 
product of a divine maker. The image of watch 
and watchmaker is so strikingly apposite pre­
cisely because it contains both the notion of a 
process character of nature in the image of the 
movements of the watch and the notion of its 
still intact object character in the image of the 
watch itsel r and its maker. 

It is important at this point to remember that 
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the specifically modern suspicion toward man's 
truth-receiving capacities, the mistrust of the 
given, and hence the new confidence in making 
and introspection which was inspired by the 
hope that in human consciousness there was a 
realm where knowing and producing would co­
incide, did not arise directly from the discov­
ery of the Archimedean point outside the earth 
in the universe. They were, rather, the neces­
sary consequences of this discovery for the dis­
coverer himself, in so far as he was and re­
mained an earth-bound creature. This close re­
lationship of the modern mentality with philo­
sophical reflection naturally implies that the 
victory of homo fober could not remain re­
stricted to the employment of new methods in 
the natural sciences, the experiment and the 
mathematization of scientific inquiry. One of 
the most plausible consequences to be drawn 
from Cartesian doubt was to abandon the at­
tempt to understand nature and generally to 
know about things not produced by man, and to 
turn instead exclusively to things that owed 
their existence to man. This kind of argument, 
in fact, made Yico turn his attention from 
natural science to history, which he thought to 
be the only sphere where man could obtain cer­
tain knowledge, precisely because he dealt here 
only with the products of human activity." The 
modern discovery of history and historical con­
sciousness owed one of its greatest impulses 
neither to a new enthusiasm for greatness of 
man, his doings and sufferings, nor to the belief 
that the meaning of human existence can be 
found in the story of mankind, but to the despair 
of human reason, which seemed adequate only 
when confronted with man-made objects. 

Prior to the modern discovery of history but 
closely connected with it in its impulses are the 
seventeenth-century attempts to formulate new 
political philosophies or, rather, to invent the 
means and instruments with which to "make an 
artificial animal .. called a Commonwealth, 
or State. »u With Hobbes as with Descartes "the 
prime mover was doubt, "7 and the chosen 
method to establish the '' art of man," by which 
he would make and rule his own world as "Goel 
hath made and governs the world" by the art 
of nature, is also introspection, "to read in 
himself," since this reading will show him "the 
similitude of the thoughts and passions of one to 
the thoughts and passions of another." Here, 
too, the rules and standards by which to build 
and judge this most human of human '·works 
of art"H do not lie outside of men, arc not 

something men have in common in a worldly 
reality perceived by the senses or by the mind. 
They arc, rather, inclosed in the inward­
ness of man, open only to introspection, so that 
their very validity rests on the assumprion that 
"not ... the objects of the passions" but the 
passions themselves are the same in every spec­
imen of the species man-kind. Herc again we 
find the image of the watch, this time applied to 
the human body and then used for the move­
ments of the passions. The establishment or the 
Commonwealth, the human creation of "an ar­
tificial man," amounts to the building of an 
"automation [an engine] that moves [itselfj by 
springs and wheels as doth a watch.'' 

In other words, the process which, as we 
saw, invaded the natural sciences through the 
experiment, through the attempt to imitate un­
der artificial conditions the process of "mak­
ing" by which a natural thing came into exis­
tence, serves as well or even better as the prin­
ciple for doing in the realm of human affairs. 
For here the processes of inner life, found in the 
passions through introspection, can become the 
standards and rules for the creation of the 
"automatic" life of that "artificial man" who 
is "the great Leviathan." The results yieltlt:d 
by introspection, the only method likely to de­
liver certain knowledge, are in the nature of 
movements: only the objects of the senses re­
main as they are and endure, precede and sur­
vive, the act of sensation; only the objects of the 
passions arc permanent and fixed to the extent 
that they are not devoured by the attainment of 
some passionate desire; only the objects of 
thoughts, but never thinking itself, arc beyond 
motion and perishability. Processes, therefore, 
and not ideas, the models and shapes of the 
things to be, become the guide for the making 
and fabricating activities of '101110 faber in the 
modern age. 

NOTES 

I. --v;w ocriw,·· rm:ans li1cnilly --1hc ao1ivc life ... With 
this term Arendt designates tlm:e human ac1ivi1ics: la­
bor, work. and action red. note!. 

2. Whitehead, Science and rhe Modem World. pp. I 16-17. 
3. '"Gebet rnir Matcrie, ich will cine Welt daraus bauen! 

das isl, gcbct rnir Mmcrie, ich will euch ,.eigcn, wie eine 
Welt daraus entstchen soil" (sl!c Kant's Prd·ace 10 his 
Al/gemeine No111rgeschi<"hfe ""'' "f'/1eorie ties !-/i111111elI). 

4. That .. nature is a process." that therefore "the ultimate 
fact for sense-awareness is an event." that natural 
science deals only with occurrences. happenings, or 
evems, but 1101 with things and 1ha1 '"apart from hap­
penings there is nothing" (sec Whitehead. n,e Cmwepr 
of Nar11re. pp. 53, 15. 66), belongs among the axioms of 
modern natural science in all its branches. 
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5 .  V ico f !Je Nostri Te111pori.1· St tuliom111 Ratio11e ,  ch 4 1  
s t ates ex p l i c i ty why h e  t urned away from nat u ra l  sc i ­
ence . True knowledge of  nat u re i s  i mposs ib le , because 
no t  man bu t  God made i t ; God can k now n lll u re with the 
"iamc certa i n ty  man k nows geomet ry:  Geo111e1rin1 de-
1>1<J1 1.\·tra11111s quia faci1 1 1 11.\·; si physica demon.,·tran• pos­
semus, faceren111s ( '  · w e  can prove gcome1 ry because we
l l lake i t ; t o  prove the phys ica l  we wou l d  have 10  l l lake
i t " ) . Th i s  l i 1 1 l e  tn!at isc , wr i l l en  l l lore than f i fteen years
before the l i rst ed i t ion  of' the Scie11za N11ova ( 1 7 25) , is
i n teres t i ng i n  more than one respcc 1 .  V i eu cr i t ic izes a l l  
e x i st i ng sc iences , b u t  1 101 yet ror t h e  sake or  hb n e w  sc i ­
ence o r  h i story : w h a t  he  recommends  i s  the  s tudy or

PSYCHOLOGICAL 

mora l a n d  po l i t ical  science , wh ich  h e  f' i nds u ndul y ne­
g lected . I t  must  have been much la ter tha t  the idea oc­
c urred 10  h i ll l  t h at h i s to ry i s  made by man as na tu re is 
made by God . Th i s b iograph i ca l  dcve lop ll lent , t hough 
qu i te ext raord inary i n  the earl y e ighteenth cen tury , be­
came the rule approx i matel y one hundred years later :  
each t i me t he  modern age had reason 10  hope for a new 
po l i t i ca l  ph i l osophy , i t  rece i ved a ph i losoph y or  h i s tory 
i n stead . 

6. Hobbes ' s l mroduct ion to the Le\'iatha1 1 .
7 . Sec M ichael Oakesho1 1 ' s  excc l l cm I ntroduct ion to  the

Le1•iatha11 ( B lackwel l ' s  Pol i t ica l  Texts ) . p . x i v .  
8 .  /hid . .  p . l x i v .  

Where are we now and where are we headed? 

ERICH FROMM 

■ l :r ich Fro 1 1 1 1 1 1 1wts hom it, / 900 i11 Fm11k/i1r1 . a n d  rn111£' to the United Swtes i n  1 934 . He i s  philosopha. a psycholo­

Mis t ,  and a 1 1Ti/ l'/' . ifs a socialist /1 11111a11ist ill' , ·011cems hi111se/( ivith the iss11e of 11ll 1 1 1 ' .1· isolatio1 1 ,  /011e/iness , lllld a!ie11 -

wio11 i 1 1  , 1 1 1  industrial society . His ivorks {Jrovide ti co11 1prehe11sive ( l t/e111p1 to 1111co 1 ·er the  objective roots t!
(

.rnch feel­

ings , 01 1d to ex1w1111d sociali.1·1 h11111011i.1·t .w/111i"11s 10 thi.1· Ml'l/eml social 111alai.1·e . 

/11 this selfftio11 Fro111111 disrnsses the .f i 11 1 1re 1ech1 1etro11ic society . It is fl/'OMWlllll l<'d by t , vo pri11ci{Jles. The .first is 

' ' the 11wxi111 that .1·011 1eth i11g ought  to he done hern11se it is tech11 irnlly poss i b le to do it . · ·  The seco11d is ' ' that 0( 11wx­

i111al e.f]iciency and 011tp111 . ' 
· '/'he social co11 .l'<'</ IIC11ce.1· t,f' these principles lire slwivn to he l 'llriet! anti w inc/11de s11ch 

siMni.firn111 ej/ect., as t!e/11"11"11iza1io11 of the il/(/ivid1wl ,  i11crea.ved pas.,frity (II/(/ co11/rm11i1y ,  and decreased creati , •ity . 

'/'/, is state o( "f/i1 irs lellli.l' to a ' ' sy1 1dro111e t!f' a lie11(1{io1 1 , '  · ! 1 1 1d to a s{Jlit he1 ivee11 1ho11ght  //lulfeeli11g in the i11divid11al , 
, ·01 1si1 1g hi111 10 /Je/111 1 ·e likl' ! I  mhot . Fro111 1 1 1 1 ·111w/11de.1· that ' ' ivhe11 the 11 1 11_jority 1,j' 1 1 1e11 are lik1• ro/)(l tS ,  the1 1  indeed 
thl'l 'e l l ' i/1 he 110 1,roble111 i11 h11ildi11g rohots l l 'ho 1 1re like 111e1 1 . "  

THE PRESENT TECHNOLOGICAL 

SOCIETY 

a. Its principles

The tcchnctron ic  soc iety may be the sys­
tem of the future ,  but i t  is not yet here; i t  can de­
velop from what is a l ready here ,  and i t  probab ly  
w i l l ,  un l ess a suff i c i en t  number of  people sec 
the danger and red i rect our course . I n  order to 
do so , i t  i s  necessary to understand in greater 
deta i l  the operat ion of the present techno log ica l  
system and the effect i t  has on man . 

What arc the gu id i ng  pri nc ip les  of t h i s  sys­
tem as i t  i s  today ? 

I t  is programed by two pri nc i p l es that d i rect 
the efforts and thoughts  of everyone work ing  i n  
i t :  The f i rst pri nc ip le  i s  the max i m  that some­
th i ng oui!,hl to be done because i t  i s  techn ical l y  
possible to  do i t .  I f  i t  i s  poss i b l e  t o  bu i l d  nuc l ear 

0 From pp . 32-46 i n  'J'/1 e l?ev11! 1 11i1111 o(  J-Jope hy Er ich  
Fro 1 1 1 1 11 , v o l u 1 1 1e  1h i ny -<.: i gh 1  or  Wor ld  Perspect i ve Ser ies .  
p l anned and ed i t ed by Ru th  N a nda Anshe n .  Copyrigh t  
((J I 968 hy ! :rich From m .  Repri 11 1cd by perm i ss ion of Har ­
per  & Row . Pub l i shers . I n c  . • and the au thor .  

weapons ,  they must be bu i l t  even if they migh t  
destroy us  a l l . I f  i t  i s  poss i b l e  to trave l  to the 
moon or to the p lanet s ,  it must be done , even i f  
at the expense o f  many un fu l f i l l ed needs here on 
earth . Th i s  pri nc ip le  means the negat ion of a l l 
va lues which the hu man i st trad i t ion has deve l ­
oped . Th i s  trad i t i on sa id that someth ing should 
be done because i t  i s  needed for man , for h i s  
growth , joy , a n d  reason , because i t  i s  beaut i fu l , 
good , or true . Once the pr inc ip le  i s accepted 
that someth ing ought to be done because i t  is 
techn i cal l y  poss ib le  to do i t , al l other va l ues are 
dethroned , and techno logica l  development be­
comes the fou ndat i on of eth i cs .  t 

The second princ i p l e  i s  that of 1 1 1axi1 1 1a/ ejji ­
ciency and output .  The requ i rement of max ima l  
ef fic iency l eads as a consequence to the requ i re ­
ment  of m i n i mal  i nd i v idua l i ty . The soc ial  ma­
ch i ne works more effi c ient l y ,  so i t  i s  be l i eved . 
i f  i nd i v idua l s  arc cu t  down to pure ly  quant i f i ­
ab le un i t s  whose persona l i t i es can be expressed 
on pu nched card s .  These un i t s  can be adm i n i s­
tered more eas i l y  by bureaucrat ic  ru les  because 
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they do not make trouble or create friction. In 
,order to reach this result, men must be de-in­
dividualized and taught to find their identity in 
the corporation rather than in themselves. 

The question of economic efficiency requires 
careful thought. The issue of being economi­
cally efficient, that is to say, using the smallest 
possible amount of resources to obtain maximal 
effect, should be placed in a historical and evo­
lutionary context. The question is obviously 
more important in a society where real material 
scarcity is the prime fact of life, and its impor­
tance diminishes as the productive powers of a 
society advance. 

A second line of investigation should be a 
full consideration of the fact that efficiency is 
only a known element in already existing activ­
ities. Since we do not know much about the ef­
ficiency or inefficiency of untried approaches, 
one must be careful in pleading for things as 
they are on the grounds of efficiency. Further­
more, one must be very careful to think through 
and specify the area and time period being ex­
amined. What may appear efficient by a narrow 
definition can be highly inefficient if the time 
and scope of the discussion are broadened. In 
economics there is increasing awareness of 
what are called "neighborhood effects"; that 
is, effects that go beyond the immediate activity 
and are often neglected in considering benefits 
and costs. One example would be evaluating 
the efficiency of a particular industrial project 
only in terms of the immediate effects on this 
enterprise-forgetting, for instance, that waste 
rnaterials deposited in nearby streams and the 
air represent a costly and a serious inefficiency 
with regard to the community. We need to 
clearly develop standards of efficiency that take 
account of time and society's interest as a 
whole. Eventually, the human element needs to 
be taken into account as a basic factor in the 
system whose efficiency we try to examine. 

Dehumanization in the name of efficiency is 
an all-too-common occurrence; e.g., giant tele­
phone systems employing Brave New World 
techniques of recording operators' contacts with 
customers and asking customers to evaluate 
workers' performance and attitudes, etc.-all 
aimed at instilling "proper" employee attitude, 
standardizing service, and increasing effi­
ciency. From the narrow perspective of im­
mediate company purposes, this may yield doc­
ile, manageable workers, and thus enhance 
company efficiency. In terms of the employees, 
as human beings, the effect is to engender feel-

ings of inadequacy, anxiety, and frustration, 
which may lead to either indifference or hostil­
ity. In broader terms, even efficiency may not 
be served, since the company and society at 
large doubtless pay a heavy price for these 
practices. 

Another general practice in organizing work 
is to constantly remove elements of creativity 
(involving an element of risk or uncertainty) 
and group work by dividing and subdividing 
tasks to the point where no judgment or inter­
personal contact remains or is required. Work­
ers and technicians are by no means insensitive 
to this process. Their frustration is often percep­
tive and articulate, and comments such as "We 
are human" and "The work is not fit for human 
beings" are not uncommon. Again, efficiency 
in a narrow sense can be demoralizing and 
costly in individual and social terms. 

If we are only concerned with input-output 
figures, a system may give the impression of ef­
ficiency. If we take into account what the given 
methods do to the human beings in the system, 
we may discover that they are bored, anxious, 
depressed, tense, etc. The result would be a 
twofold one: ( 1) Their imagination would be 
hobbled by their psychic pathology, they would 
be uncreative, their thinking would be routin­
ized and bureaucratic, and hence they would 
not come up with new ideas and solutions 
which would contribute to a more productive 
development of the system; altogether, their en­
ergy would be considerably lowered. (2) They 
would suffer from many physical ills, which are 
the result of stress and tension; this loss in 
health is also a loss for the system. Further­
more, if one examines what this tension and 
anxiety do to them in their relationship to their 
wives and children, and in their functioning as 
responsible citizens, it may turn out that for the 
system as a whole the seemingly efficient meth­
od is most inefficient, not only in human terms 
but also as measured by merely economic cri­
teria. 

To sum up: efficiency is desirable in any kind 
of purposeful activity. But it should be ex­
amined in terms of the larger systems, of which 
the system under study is only a part; it should 
take account of the human factor within the sys­
tem. Eventually efficiency as such should not 
be a dominant norm in any kind of enterprise. 

The other aspect of the same principle, that 
of maximum output, formulated very simply, 
maintains that the more we produce of whatever 
we produce, the better. The success of the econ-
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omy of the country is measured by its r ise of 
total product ion . So is the success of a com­
pany . Ford may lose several hundred m i l l ion 
dol l ar s by the fai l u re of a cost ly new model , 
l ike the Edsel , but th i s  is on ly a m inor mishap 
as long as the product ion cu rve ri ses . The 
growth of the economy is v i sua l ized in  terms of 
ever - increas ing production , and there is no v i ­
s ion of a l im i t  yet where production may be sta­
b i l i zed . The comparison between countries 
rests upon the same pri nciple .  The Soviet Un ion 
hopes to surpass the Un i ted States by accom­
p l i sh i ng a more rap id rise in  economic growth . 

Not only i ndustri al product ion i s  ru l ed by the 
pr i nc ip le of cont i nuous and l imi t less accelera­
t ion . The educational system has the same cri ­
ter ion :  the more col l ege graduates ,  the better . 
The same i n  sports :  every new record is l ooked 
upon as prog ress . Even  the att i tude toward the 
weather seems to be determined by the same 
pri nc ip l e .  It is emphasized that th i s  is " the hot­
test day in  the decade , "  or the coldes t ,  as the 
case may be , and I suppose some peop le  are 
comforted for the i nconven ience by the proud 
fee l i ng that they a re witnesses to the record 
temperatu re .  One cou ld go on end less ly  g i v ing 
examples of the concept that constant i ncrease 
of quant ity cons t i tutes the goal of our l i fe ; i n
fac t , that i t  i s  what i s  meant  by "prog ress . "

Few peop l e  ra i se the question o f  quality , 
or what a l l  t h i s  i n c rease i n  quanti ty i s  good for. 
Th i s  om iss ion is ev iden t  in a soc iety wh ich is 
no t cente red around  man any more , in wh i ch  
one aspec t ,  that o f  qu an t i ty ,  has choked a l l  oth ­
ers . I t  i s  easy to see t ha t  th e predom i n ance o f  
th i s  pri nc i p l e  o f  " the m o re the bette r "  l ead s to 
an i m bal ance i n  the whol e sys tem . I f  a l l  efforts 
are be nt on doi ng more , the q u a l i ty of  l i vi n g  
l oses a l l  importance ,  and ac ti vi ti e s  th a t  once 
were mean s become end s .  2 

I f  the overri d i ng eco no m i c  pri nc i pl e  i s  th at 
we prod uce more and more , the con su mer must 
be prepared to wan t - tha t is , to consu me ­
more and more . I ndu stry does not rel y on the 
co n su mer ' s  spon ta neou s des ires for more and . 
more commod ities . B y  bu i lding i n  obsoles­
cence i t  often forces h i m  to buy new th i ngs 
when the o ld ones cou ld l ast much l onger. B y  
changes in styl i ng of products , dresses , durable 
goods , and even food , i t  forces h i m  psycho­
log ica ll y  to bu y more than he m ight need or 
wan t .  B u t  industry , in its need for i ncreased 
production ,  does not rel y on the consu mer ' s  
needs and wa n ts bu t to a cons iderable exten t on 
adve rt ising , which is the most important offen-

sive aga in st the consumer 's  right to know what 
he wants .  The spending of 1 6 . 5  b i l l ion dol l ars 
on d i rect advert is ing in 1 966 ( i n  newspapers , 
magazi nes , rad io ,  TV) may sound l i ke an i rra­
t ional  and waste fu l  use of human talen ts ,  of 
paper and pri n t .  But it is not i rrat ional  in a sys­
that bel ieves that i ncreas ing product ion and 
hence consumpti on i s  a v i tal feature of ou r eco­
nomic system , wi thout wh ich i t  wou ld  col l apse .  
If  we add to the cost of advert i s ing the consid­
erab le  cost for resty l i ng of durabl e  goods , espe­
c i a l l y  cars , and of packag ing ,  which part ly i s  
another form of  whetting the  consumer' s appe­
t i te ,  it i s  c lear that industry is wi l l i ng to pay a 
h igh price for the guarantee of the upward pro­
duct ion and sales curve . 

The anxiety of i ndustry about what m ight 
happen to our economy if our sty l e  of l i fe 
changed i s  expressed i n  th is brief quote by a 
lead ing  i nvestment banker: 

Cloth i ng  would be purchased for i ts u t i l i ty ;  food 
wou ld be bought on the bas i s  of economy and nu tri ­
t iona l  va l ue ;  automobi les wou ld  be str ipped to essen ­
t i a l s  and held  by t he  s ame  owners for t he  fu l l  I O  or 
1 5  years of thei r  use fu l  l i ves ;  homes would be bu i l t  
and ma in ta ined for the i r  character ist i c s  of  she lter , 
w i thou t  regard to s ty l e  or ne ighborhood . And what 
wou ld  happen to a market dependent upon  new mod­
e l s ,  n ew  styles , new ideas '? '1

b . Its effect on man

What i s  the e ffec t of th is  type of organ iza ­
t ion on man ? I t  reduces man to an appendage of 
the m ach ine ,  ru l ed by i ts very rhythm and de­
mands . It tran s forms h i m  i n to Homo co11su ­

me11s , the tota l con s umer , whose on l y  a im i s  to 
ha ve more and to use more . Th i s  soc iety pro­
duces many use l ess th i ng s , and to the same de­
gree many u se l ess peop l e .  Man ,  a s  a cog in the 
prod uction mach i ne ,  becomes a th i n g ,  and 
ceases to be h u ma n .  He spends h i s  t i me doi ng  
th ings i n  wh ich h e  i s  not i nterested , w i th peop le 
i n  whom he i s  not i nterested , produci n g  th i n gs 
i n  wh ich he i s  not i n terested ; and when he i s  not 
produci ng , he is consu m i n g .  He i s  the eternal 
su ckl ing with the open mouth , " taki n g  i n , "  
withou t effort and without inner activeness , 
whatever the boredom-preventing (and bore ­
dom- producing) industry forces on h im - ci ga­
rettes , l iq uor, movies , tel ev i s ion , sports , lec­
tures - l imited onl y by what he can afford . B ut 
the boredom-preventing industry , that i s  to say , 
the gadget- sel l ing industry , the automobile in­
dustry , the mov ie industry , the televi s ion in­
dustry , and so on , can on ly succeed in prevent-
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ing the boredom from being conscious . I n  fac t ,  
they increase t h e  boredom,  as a salty dr i nk 
taken to quench the th i r st i ncreases i t .  Howeve r  
unconsc ious , boredom rema ins  boredom never ­
theless . 

The pass i v eness of man in i ndust r ia l  society 
today i s  one  of his most characteri s t i c  and 

patho log ica l  featu res . H e  takes in , he wants to
be fed , bu t  he d oes not mo v e ,  i n i t i ate ,  he  does 
not  d i ge s t  h i s  food , a s  i t  w ere . He d oe s  not re ­
acqu i re i n  a pr od u c t i v e  fash ion w h at he i n h e r­
i ted , b u t  h e  amasses i t  or co nsumes i t .  H e  su f­
fers from a se v ere sy s te m i c  de fi c iency , no t  too 
d iss i m i l a r  to th a t  wh i c h  on e f i nds i n more ex ­
treme form s i n  d epre ssed peop le . 

Man ' s  pa ss i v eness i s  o n l y  one sy m p tom 
among a to ta l syndr o me ,  wh ich one m ay cal l 
the " syndrome of al ienati on . " Being passi ve , 
he does not rel ate h im sel f to the world ac ti vel y 
and is fo rced to su bm it to h is idol s and the i r  de­
ma nds . Hence , he feels po werless , lo nel y ,  a nd 
an xiou s . He has l ittle sense of integrity or self­
iden tity . Co nfor mity see ms to be the only way
to a vo id i n to lerable anx iety -and e ve n  confo r­
mity does not al ways al le viate his a nx iety . 

No A mer ica n wr iter has pe rceived th is dy na­
mis m more clea r ly tha n Thorste i n  Veble n . He 
wrote:

I n  a ll the rece ived fo r mu la t i o ns of econo mic the­
o ry , whether at the hands of the Eng l is h  econo m ists 
or those of the cont i ne nt, the hu man mate r ial w i th
which the i nqu i ry is conce rned is co nceived i n  hedo­
nistic te rms

; 
that is to say , in te r ms of a pass ive and 

substan t i a l ly ine rt and i m mu tably g ive n human na­
tu re . . . . The hedon is t ic concept io n  of man is that 
of a l igh tn ing calcu lator of pleasu res and pa ins, who 
osc i l lates l ike a homoge neous g lobule of des i re of 

happ iness under the i mpu lse of s t i mu li that s h i ft h i m
about the a rea, but leave h in1 intact. He has ne i ther 
antecedent nor conseque n t. He is an isolated, de f i n i­
t ive huma n datum, in stable equ i l ib r iu m  except for 
the bu ffe ts of the imp i ng i ng f orces that d isp lace h im
i n o ne direct io n  or anothe r. Se l f - i m posed i n  elemen­
tal space, he sp ins sy m me t r ica l ly about h is ow n sp i r­
i tual axis un t il the pa ra l le log rn m of forces bea rs 
dow n upo n him, whe reu po n he fol lows the l ine o f the 
resultan t.  When the force of the impact is spen t, he 
comes to res t, a self conrnined globule of des ire as 
be fore . Sp i r i tua l ly, the hedon is t ic ma n is not a p r i me 
move r. f ie is not the seat o f  a p roce ss o f  l iv ing, ex­
cep t in the sense thm he is subject to a se ries <iper-
1 1 1 1 1 1mions e 11}<1 r c ed upon him i>y ci r cum. 1· ta1 1 ce. 1 · ex­
t e rnal and a l i en to him . · 1 

A side from the pathological traits that a re 
rooted in passiveness, the re a re othe rs which 
a re impo rtant for the u nde rsta nding of today 's

pathology of norma lcy .  I am referring to the 
gr ow ing spl i t  of cer ebra l - i ntel lectual funct ion 
from a ffect ive-emotional experience; the spl i t  
between thought from fee l i ng ,  m i nd from the 
hear t ,  t ru th  from pass ion . 

Logical thought is not rat ional  i f  it is merely 
l og ical5 and not gu ided by the concern for l i fe ,  
and by the inqui r y i n to the total process  o f  
l i v i ng i n  a l l  i t s  conc reteness  and w i th  a l l  i ts  con­
trad i c t i o n s .  On the other hand , not on ly  th ink­
i n g  hu t a lso emoti o n s  can be rat iona l .  "Le

coe11 r a ses ra isons que la ra ison ne co1 1 11a 1t 

poin t , " as Pa sca l pu t  i t .  (The heart has i ts rea­
sons  wh i ch reason kno ws nothing of. ) Rati o­
nal i ty i n  emo t i o na l  l i fe mea n s  th a t  the emot ion s  
af f i rm an d h el p  th e person ' s  psych ic structu re to 
ma i n tai n a harmon iou s ba l ance and at the same 
ti me to assi s t  i ts gr o w th .  Thus , for i ns tance , ir­
rational love i s  l o ve which enhances the per­
son ' s  dependency ,  hence a nxiety and hosti l i ty .  
Rat ional love i s  a love wh ich relates a person 
i n ti mately to a nother, at the sa me time preserv­
ing his i ndependence and integrity . 

Reaso n f lows from the blending of rat ional 
thought and feeling. If the two functions are 
to r n  apart, thi nki ng deteriorates into schizo id 
i nte l lectual act iv ity , and feel i ng deteriorates 
i nto neu rot ic l ife -damag i ng pass ions . 

The sp l it betwee n thought and affect leads to 
a s ick ness, to a low -grade chron ic sch izophre­
n ia, fro m wh ich the new man of the tech ne­
t ro n ic age beg i ns to suffer. In the soc ial sc i­
ences it has become fashionab le to th ink about 
hu man p rob lems with no reference to the fee l­
i ngs re lated to these p rob lems. It is assumed 
that scient ific object ivity demands that thoughts 
and theo ries conce rning man be emp t ied of a ll  
emot ional conce rn with man. 

An examp le of th is emo tion -free th ink ing is 
He r man Kahn 's book on the rmonuclear war­
fa re .  The ques t ion is discussed: how 1mi'i1y mi l­
l ions of dead Ame ricans are "acceptable " i

f 

we use as a c rite r ion  the ab i l i ty to rebu i ld the 
economic machine after nuclear war in a rea­
sonably sho rt t ime so that it is as good as or 

better than  be fore . Figu res for GNP and popula­
t ion inc rease or dec rease a re the basic catego­
r ies in th is k ind of th inking, whi le the question 
of the human resu lts of nuclear war i n  terms o

f 

suffe ring, pain, b ru ta l ization, etc . , is left aside .
Kahn 's The Year 2000 is another example o

f 

the w r i t ing which we may expect in the com­
p letely a l ienated megamachinc society . Kahn ' s  
conce rn is that of the f igures for production,
populatio n  inc rease, and various scenarios for 
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war or peace, as the case may be. He impresses 
many readers because they mistake the thou­
sands of little data which he combines in every­
changing kaleidoscopic pictures for erudition or 
profundity. They do not notice the basic super­
ficiality in his reasoning and the lack of the hu­
man dimension in his description of the future. 

When I speak here of low-grade chronic 
schizophrenia, a brief explanation seems to be 
needed. Schizophrenia, like any other psychotic 
state, must be defined not only in psychiatric 
terms but also in social terms. Schizophrenic 
experience beyond a certain threshold would be 
considered a sickness in any society, since those 
suffering from it would be unable to function 
under any social circumstances (unless the 
schizophrenic is elevated into the status of a 
god, shaman, saint, priest, etc.). But there are 
low-grade chronic forms of psychoses which 
can be shared by millions of people and 
which-precisely because they do not go be­
yond a certain threshold-do not prevent these 
people from functioning socially. As long as 
they share their sickness with millions of others, 
they have the satisfactory feeling of not being 
alone; in other words, they avoid that sense of 
complete isolation which is so characteristic of 
full-fledged psychosis. On the contrary, they 
look at themselves as normal and at those who 
have not lost the link between heart and mind 
as being "crazy." In all low-grade forms of 
psychoses, the definition of sickness depends 
on the question as to whether the pathology is 
shared or not. Just as there is low-grade chron­
ic schizophrenia, so there exist also low-grade 
chronic paranoia and depression. And there is 
plenty of evidence that among certain strata of 
the population, particularly on occasions where 
a war threatens, the paranoid clements increase 
but arc not felt as pathological as long as they 
are common.'; 

The tendency to install technical progress 
as the highest value is linked up not only with 
our overemphasis on intellect but, most impor­
tantly, with a deep emotional attraction to the 
mechanical, to all that is not alive, to all that 
is man-made. This attraction to the non-alive 
which is in its more extreme form an attractio� 
to death and decay (necrophilia), leads even in 
its less drastic form to indifference toward life 
instead of "reverence for life." Those who arc 
attracted to the non-alive are the people who 
prefer "law and order" to living structure, bu­
reaucratic to spontaneous methods, gadgets to 
living beings, repetition to originality, neatness 

to exuberance, hoarding to spending. They 
want to control life because they are afraid of 
its uncontrollable spontaneity; they would rath­
er kill it than to expose themselves to it and 
merge with the world around them. They often 
gamble with death because they are not rooted 
in life; their courage is the courage to die and 
the symbol of their ultimate courage is the Rus­
sian roulette. 7 The rate of our automobile acci­
dents and the preparation for thermonuclear 
war are a testimony to this readiness to gamble 
with death. And who would not eventually pre­
fer this exciting gamble to the boring unalive­
ness of the organization man? 

One symptom of the attraction of the merely 
mechanical is the growing popularity, among 
some scientists and the public, of the idea that 
it will be possible to construct computers which 
are no different from man in thinking, feeling, 
or any other aspect of functioning.8 The main 
problem, it seems to me, is not whether such a 
computer-man can be constnicted; it is rather 
why the idea is becoming so popular in a his­
torical period when nothing seems to be more 
important than to transform the existing man 
into a more rational, harmonious, and peace­
loving being. One cannot help being suspicious 
that often the attraction of the computer-man 
idea is the expression of a flight from life and 
from humane experience into the mechanical 
and purely cerebral. 

The possibility that we can build robots who 
are like men belongs, if anywhere, to the future. 
But the present already shows us men who act 
like robots. When the majority of men are like 
robots, then indeed there will be no problem in 
building robots who are like men. The idea of 
the manlike computer is a good example of the 
alternative between the human and the inhuman 
use of machines. The computer can serve the 
enhancement of life in many respects. But the 
idea that it replaces man and life is the mani­
festation of the pathology of today. 

The fascination with the merely mechanical 
is supplemented by an increasing popularity of 
conceptions that stress the animal nature of man 
and the instinctive roots of his emotions or ac­
tions. Freud's was such an instinctive psychol­
ogy; but the importance of his concept of libido 
is secondary in comparison with his fundamen­
tal discovery of the unconscious process in 
waking life or in sleep. The most popular re­
cent authors who stress instinctual animal he­
redity, like Konrad Lorenz (On Aggression) or 
Desmond Morris (The Naked Ape), have not of-
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fered any new or valuable insights into the spe­
cific human problem as Freud has done; they 
SQtisfy the wish of many to look at themselves 
as determined by instincts and thus to camou­
lfoge their true and bothersome human prob­
lems. 9 The dream of many people seems to be 
to combine the emotions of a primate with a 
computerlike brain. If this dream could be ful­
filled, the problem of human freedom and of 
responsibility would seem to disappear. Man's 
feelings would be determined by his instincts, 
his reason by the computer; man would not have 
to give an answer to the questions his existence 
asks him. Whether one likes the dream or not, 
its realization is impossible; the naked ape with 
the computer brain would cease to be human, or 
rather "he" would not be. 10 

Among the technological society's patho­
g(!nic effects upon man, two more must be men­
tivned: the disappearance of privacy and ofper­
soncil human contact. 

"Privacy" is a complex concept. It was and 
is a privilege of the middle and upper classes, 
since its very basis, private space, is costly. 
'[his privilege, however, can become a common 
good with other economic privileges. Aside 
from this economic factor, it was also based on 
a hoarding tendency in which my private life 
was mine and nobody else's, as was my house 
and any other property. It was also a concomi­
tant of cant, of the discrepancy between moral 
appearances and reality. Yet when all these 
qualifications are made, privacy still seems to 
be an important condition for a person's produc­
tive development. First of all, because privacy 
is necessary to collect oneself and to free one­
self from the constant "noise" of people's chat­
ter and intrusion, which interferes with one's 
own mental processes. If all private data are 
transformed into public data, experiences will 
tend to become more shallow and more alike. 
People will be afraid to feel the "wrong thing"; 
they will become more accessible to psycholog­
ical manipulation which, through psychological 
testing, tries to establish norms for "desir­
able," "normal," "healthy" attitudes. Con­
sidering that these tests are applied in order to 
help the companies and government agencies 
to find the people with the "best" attitudes, the 
use of psychological tests, which is by now an 
almost general condition for getting a good job, 
constitutes a severe infringement on the citi­
zen's freedom. Unfortunately, a large number 
of psychologists devote whatever knowledge 
of man they have to his manipulation in the 

interests of what the big organization considers 
efficiency. Thus, psychologists become an im­
portant part of the industrial and governmental 
system while claiming that their activities serve 
the optimal development of man. This claim is 
based on the rationalization that what is best for 
the corporation is best for man. It is important 
that the managers understand that much of what 
they get from psychological testing is based on 
the very limited picture of man which, in fact, 
management requirements have transmitted to 
the psychologists, who in turn give it back to 
management, allegedly as a result of an inde­
pendent study of man. It hardly needs to be said 
that the intrusion of privacy may lead to a con­
trol of the individual which is more total and 
could be more devastating than what totalitarian 
states have demonstrated thus far. Orwell's 
1984 will need much assistance from testing, 
conditioning, and smoothing-out psychologists 
in order to come true. It is of vital importance to 
distinguish between a psychology that under­
stands and aims at the well-being of man and a 
psychology that studies man as an object, with 
the aim of making him more useful for the tech­
nological society. 

NOTES 

1 While revising !his manuscripl I read a paper by Hasan 
Ozbekhan, "The Triumph of Technology: ·can' Implies 
'Ought.'" This paper, adapted from an invited presentalion 
at MIT and published in mimeographed form by System 
Development Corporation, Santa Monica, California, was 
sent to me by the courtesy of Mr. George Weinwurm. As 
the title indicates, Ozbekhan expresses the same concept 
as the one I presenl in the text. His is a brilliant presenla­
tion of the problem from the slandpoint of an outstanding 
specialist in the field of managemenl science, and I find ii a 
very encouraging fact that 1he same idea appears in the work 
of authors in fields as different as his and mine. I quote a 
sentence 1ha1 shows the identity of his concept and the one 
presented in lhe text: "Thus, feasibilily, which is a strategic 
concept, becomes elevated into a normative concept, with 
lhe result !hat whatever technological realily indicates we 
can do is taken as implying !hat we 11111st do i1" (p. 7). 
2 1 find in C. West Churchman's Chllllenge to Rellson (New 
York: McGraw-Hill, 1968) an excellent formulation of the 
problem: 

"If we explore !his idea of a larger and larger model 
of systems, we may be able to sec in what sense com­
pleteness represents a challenge to reason. One model 
that seems 10 be a good candidate for completeness is 
called an llllocation model; it views the world as a system 
of activities that use resources to "output" usable prod­
ucts. 

"The process of reasoning in 1his model is very sim­
ple. One searches for a central quantilative measure of 
system performance, which has the characteristic: the 
more of this quantity the better. For example, the more 
profit a firm makes, 1he better. The more qualified stu­
dents a university graduates, the better. The more food 
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we produce, the better. It will turn out that the particular 
choice of the measure of system performance is not criti­
cal, so long as it is a measure of general concern. 

"We take this desirable measure of performance and 
relate it to the feasible activities of the system. The activi­
ties may be the operations of various manufacturing 
plants, of schools and universities, of farms, and so on. 
Each significant activity contributes to the desirable 
quantity in some recognizable way. The contribution, in 
fact, can ol'ten be expressed in a mathematical function 
that maps the amount of activity onto the amount of the 
desirable quantity. The more sales of a certain product, 
the higher the profit of a firm. The more courses we 
teach, the more graduatt:s we have. The more fertilizer 
we use, the more food [pp. 156-57]." 

"Paul Mazur, The Swndards We Raise, New York, I 953, 
p. 32. 
'"Why ls Economics Not an Evolutionary Science'?," in 
The Place of Science in Modem Civilization and Oth,,r Es­
say.,· (New York: I3. W. Huebsch, 1919), p. 73. (Emphasis 
added.) 
5 Paranoid thinking is characterized by the fact that it can 
be completely logical, yet lack any guidance by concern 
or concrete inquiry into reality; in other words, logic does 
not exclude madness. 
"The difference between that which is considered to be sick­
ness and that which is considered to be normal b.:comes 
apparent in the following example. If a man declared that 
in order to free our cities from air pollution, factories, 
automobiles, airplanes, etc., would have to be destroyed, 
nobody would doubt that he was insane. I3ut if there is a 
consensus that in order to protect our life, our freedom, our 
culture, or that of other nations which we feel obliged to 
protect, thermonuclear war might be required as a ,;st re­
sort, such opinion appears to be perfectly sane. The dif­
ference is not at all in the kind of thinking employed but 
merely in that the first idea is not shared and hence appears 
abnormal while the second is shared by millions of people 
and by powerful governments and hence appears to he nor­
mal. 

7 Michael Maccoby has demonstrated the incidence of the 
life-loving versus the death-loving syndrome in various 
populations by the application of an "interpretative" ques­
tionnaire. Cf. his "Polling Emotional Attitudes in Relation 
to Political Choices" (to be published). 
"Oean E. Wooldridge, for instance, in Mechanical Man 
(New York: McGraw-Hill, 1968), writes that it will be pos­
sihle to manufacture computers synthetically which arc 
"completely undistinguishable from human beings pro­
duced in the usual manner" [1] (p. 172). Marvin L. Min­
sky, a great authority on computers, writes in his book 
Computation (Englewood Cliffs, N.J.: Prentice-Hall, 
1967): "There is no reason to suppose machines have any 
limitations not shared by man" (p. vii). 
"This criticism of Lorenz refers only to that part of his 
work in which he deals by analogy with the psychological 
problems of man, not with his work in the field of animal 
behavior and instinct theory. 
111 In revising this manuscript I bec,11ne aware that Lewis 
Mumford had expressed the sam.: idea in 1954 in /11 the 
Name of Saniry (New York: Harcourt, Brace & Co.): 

"Modern man, therefore, now approaches the last act of 
his tragedy, and I could not, even if I would, conceal its 
finality or its horror. We have lived to witness the join­
ing, in intimate partnership, of the automaton and the id, 
the id rising from the lower depths of the unconscious, 
and the automaton, the machine-like thinker and the man­
like machine, wholly detached from other life-maintain­
ing functions and human reactions, descending from the 
heights of conscious thought. The first force has proved 
more brutal, when released from the whole personality. 
than the most savage of beasts; the other force, so im­
pervious to human emotions, human anxieties, human 
purposes, so committed to answering only the limited 
range of questions for which its apparatus was originally 
loaded, that it lacks the saving intelligence to turn off its 
own compulsive mechanism, even though it is pushing 
science as well as civilization to its own doom [p. 198].'' 
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PSYCHOLOGICAL 

The dialectic of civilization 

HERBERT MARCUSE 

■ Herbett Marcuse ( 1898-1979) wa.,· bom in Berlin, Germany, and immifiraled to the United Swtes in 1934. lie was a 
philosopher, psychologist, and social critic who devoted most of his life to the fight against Ji1scis111. lie took a stand 

llfiain.l'I it in Europe, and !mer wrote a .1·cathi11g critique mt repressive ele111ents in the A111erica11 industrial society 
and the Soviet bu1-ec1ucra1ic s/<lte. Ill One Dimensional Man ( 1964) he tlrfilll'd that, in the American indusirial society, 
111w1's 1u1111re has bern di.1H>rted, releasi11g as a co11.1eque11ce an 111111.rnal 0111011111 of'ali/iression. lie wamed against 
the destruction that can remit fi'om s11ch a sfllte 11j'affi1irs. A111011/i his works are Reason and Revolution ( 1941) and 

Eros and Civilization ( 1955 ), fi'o111 which rite following selectio11 is taken. 

In this selection Marc11se creatively t•xpo1111ds the views of Freud. As we already know, Freud viewed civiliz.ation 

a.1· /1ei11g hased primarily 011 the .rnppre.1·.l'ion o
f

sex11al instincts. Marcuse observe.,· 1h111fi1r Freud there is 110 "instinct 
t,

f

workmansltip." Work i.l' 1111plea.1·,1111. IJ111 "civilization is first o
f 

all proliress in work." Titus the em'rliyfi,r work 
11111.1·1 he borrowed ji-0111 the primary instincts (.l'e.nu,I instinct.1· and de.,·tructive imtincts). Since civilization is mainly 

the work of Eros (the life instincts), which derives its strenfithfrom the sex11al instincts, it follows that the energy 11sed 
jr,r work is borr(l)ved chiefly .fi'()/11 the lihido, the reserw,ir of sexual energy. But by borrowi11g ji-0111 the libido, Eros 
is i11 tum weakened. This impairs the abiliry of Ero.,· to ejf'ectively ''bind'' the destructive imtincts. As a result ''civili­

z111io11 tends towards selfdestruction." Marcuse evaluates this Freudian argument, i111roduci11g in the process the 
disti11ctio11 between ''work'' and ''alienated labor,'' and his Jiunous co11cept o

f

' 'sll)plu.,· repressi0t1.'' 

Civilization is first of all progress in work -
that is, work for the procurement and augmenta­
tion of the necessities of life. This work is nor­
mally without satisfaction in itself; to Freud it is 
unpleasurable, painful. In Freud's metapsychol­
ogy there is no room for an original "instinct of 
workmanship," "mastery instinct," etc. 1 The 
notion of the conservative nature of the instincts 
under the rule of the pleasure and Nirvana prin­
ciples strictly precludes such assumptions. 
When Freud incidentally mentions the "natural 
human aversion to work, " 2 he only draws the
inference from his basic theoretical conception. 
The instinctual syndrome ''unhappiness and 
work" recurs throughout Freud's writings,:' and 
his interpretation of the Prometheus myth is 
centered on the connection between curbing of 
sexual passion and civilized work.·1 The basic 
work in civilization is non-libidinal, is labor; 
labor is "unpleasantness," and such unpleas­
antness has to be enforced. "For what motive 
would induce man to put his sexual energy to 
other uses if by any disposal of it he could ob­
tain fully satisfying pleasure? He would never 
let go of this pleasure and would make no fur­
ther progress. " 5 If there is no original "work
instinct," then the energy required for (unplea-

□ From Eros 1111d Civiliz111io11: A Philosophical Inquiry 
Into Freud (Boston: The Beacon Press, 1960), pp. 81-88.
Reprinted by permission of Penguin Books Ltd, The Beacon
Press, and the author. Copyright© 1955, © 1966 by The 
Beacon Press.

surable) work must be "withdrawn" from the 
primary instincts-from the sexual and from the 
destructive instincts. Since civilization is main­
ly the work of Eros, it is first of all withdrawal 
of libido: culture "obtains a great part of the 
mental energy it needs by subtracting it from 
sexuality. "(i 

But not only the work impulses are thus fed 
by aim-inhibited sexuality. The specifically 
"social instincts" (such as the "affectionate re­
lations between parents and children, ... feel­
ings of friendship, and the emotional ties in 
marriage") contain impulses which are "held 
back by internal resistance" from attaining their 
aims; 7 only by virtue of such renunciation do 
they become sociable. Each individual contrib­
utes his renunciations (first under the impact of 
external compulsion, then internally), and from 
"these sources the common stock of the materi­
al and ideal wealth of civilization has been 
accumulated. " 8 Although Freud remarks that
these social instincts ''need not be described 
as sublimated" (because they have not aban­
doned their sexual aims but rest content with 
"certain approximations to satisfaction"), he 
calls them "closely related" to sublimation. !J 
Thus the main sphere of civilization appears as 
a sphere of sublimation. But sublimation in­
volves desexualization. Even if and where it 
draws on a reservoir of "neutral displaceable 
energy" in the ego and in the id, this neutral 
energy ''proceeds from the narcissistic reservoir 
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of libido," i.e., it is desexualized Eros. 10 The 
process of sublimation alters the balance in the 
instinctual structure. Life is the fusion of Eros 
and death instinct; in this fusion, Eros has sub­
dued its hostile partner. However: 

After sublimation the erotic component no longer 
has the power to bind the whole of the destrnctive 
elements that were previously combined with it, and 
these are released in the form of inclinations to ag­
gression and destruction. 11 

Culture demands continuous sublimation; it 
thereby weakens Eros, the builder of culture. 
And desexualization, by weakening Eros, un­
binds the destructive impulses. Civilization is 
thus threatened by an instinctual de-fusion, in 
which the death instinct strives to gain ascen­
dancy over the life instincts. Originating in re­
nunciation and developing under progressive 
renunciation, civilization tends toward self-de­
struction. 

This argument runs too smooth to be true. A 
number of objections arise. In the first place, 
not all work involves desexualization, and not 
all work is unpleasurable, is renunciation. Sec­
ondly, the inhibitions enforced by culture also 
affect-and perhaps even chiefly affect-the 
derivatives of the death instinct, aggressiveness 
and the destruction impulses. In this respect at 
least, cultural inhibition would accrue to the 
strength of Eros. Moreover, work in civilization 
is itself to a great extent social utilization of ag­
gressive impulses and is thus work in the ser­
vice of Eros. An adequate discussion of these 
problems presupposes that the theory of the in­
stincts is freed from its exclusive orientation 
on the performance principle, that the image of 
a non-repressive civilization (which the very 
achievements of the performance principle sug­
gest) is examined as to its substance. Such an 
attempt will be made in the last part of this 
study; here, some tentative clarifications must 
suffice. 

The psychical sources and resources of work, 
and its relation to sublimation, constitute one of 
the most neglected areas of psychoanalytic the­
ory. Perhaps nowhere else has psychoanalysis 
so consistently succumbed to the official ideol­
ogy of the blessings of' 'productivity.'' 12 Small 
wonder then, that in the Neo-Freudian schools, 
where (as we shall see in the Epilogue) the ideo­
logical trends in psychoanalysis triumph over 
its theory, the tenor of work morality is all-per­
vasive. The "orthodox" discussion is almost in 
its entirety focused on "creative" work, espe-

cially art, while work in the realm of neces­
sity-labor-is relegated to the background. 

To be sure, there is a mode of work which of­
fers a high degree of libidinal satisfaction, 
which is pleasurable in its execution. And artis­
tic work, where it is genuine, seems to grow 
out of a non-repressive instinctual constellation 
and to envisage non-repressive aims-so much 
so that the term sublimation seems to require 
considerable modification if applied to this kind 
of work. But the bulk of the work relations 
on which civilization rests is of a very different 
kind. Freud notes that the "daily work of earn­
ing a livelihood affords particular satisfaction 
when it has been selected by free choice.'' 1:3 

However, if "free choice" means more than a 
small selection between pre-established neces­
sities, and if the inclinations and impulses used 
in work are other than those preshaped by a re­
pressive reality principle, then satisfaction in 
daily work is only a rare privilege. The work 
that created and enlarged the material basis of 
civilization was chiefly labor, alienated labor, 
painful and miserable-and still is. The per­
formance of such work hardly gratifies individ­
ual needs and inclinations. It was imposed upon 
man by brute necessity and brute force; if ali­
enated labor has anything to do with Eros, it 
must be very indirectly, and with a considerably 
sublimated and weakened Eros. 

But does not the civilized inhibition of ag­

gressive impulses in work offset the weakening 
of Eros? Aggressive as well as libidinal im­
pulses are supposed to be satisfied in work "by 
way of sublimation," and the culturally benefi­
cial "sadistic character" of work has often 
been emphasized. 11 The development of tech­
nics and technological rationality absorbs to a 
great extent the "modified" destructive in­
stincts: 

The instinct of destruction, when tempered and 
harnessed (as it were, inhibited in its aim) and di­
rected towards objects, is compelled to provide the 
ego with satisfaction of its needs and with power over 
nature. 15 

Technics provide the very basis for progress; 
technological rationality sets the mental and be­
haviorist pattern for productive performance, 
and "power over nature" has become practical­
ly identical with civilization. ls the destructive­
ness sublimated in these activities sufficiently 
subdued and diverted to assure the work of 
Eros? It seems that socially useful destructive­
ness is less sublimated than socially useful 
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libido. To be sure, the diversion of destructive­
ness from the ego to the external world secured 
the growth of civilization. However, extro-· 
verted destruction remains destruction: its ob­
jects arc in most cases actually and violently as­
sailed, deprived of their form, and recon­
structed only after partial destruction; units are 
forcibly divided, and the component parts forc­
ibly rearranged. Nature is literally "violated." 
Only in certain categories of sublimated aggres­
siveness (as in surgical practice) does such vio­
lation directly strengthen the life of its object. 
Destructiveness, in extent and intent, seems to 
be rnore directly satisfied in civilization than the 
libido. 

However, while the destructive impulses arc 
thus being satisfied, such satisfaction cannot 
stabilize their energy in the service of Eros. 
Their destructive force must drive them beyond 
tiiis servitude and sublimation, for their aim is, 
not matter, not nature, not any object, but life 
itself. If they are the derivatives of the death 
instinct, then they cannot accept as final any 
"substitutes." Then, through constructive tech­
nological destruction, through the constructive 
violation of nature, the instincts would still op­
erate toward the annihilation of life. The radical 
hypothesis of Beyond the Pleasure Principle
would stand: the instincts of self-preservation, 
self-assertion, and mastery, in so far as they 
have absorbed this destructiveness, would have 
the function of assuring the organism's "own 
path to death." Freud retracted this hypothesis 
as soon as he had advanced it, but his formula­
tions in Civilization and Its Discontents seem to 
restore its essential content. And the fact that 
the destruction of life (human and animal) has 
progressed with the progress of civilization, 
that cruelty and hatred and the scientific exter­
mination of men have increased in relation to 
the real possibility of the elimination of oppres­
sion-this feature of late industrial civilization 
would have instinctual roots which perpetuate 
destructiveness beyond all rationality. The 
growing mastery of nature then would, with the 
growing productivity of labor, develop and ful­
fill the human needs 011/y as a by-product: in­
creasing cultural wealth and knowledge would 
provide the material for progressive destruction 
and the need for increasing instinctual repres­
sion. 

This thesis implies the existence of objective 
criteria for gauging the degree of instinctual 
repression at a given stage of civilization. How­
ever, repression is largely unconscious and au-

tomatic, while its degree is measureable only 
in the light of consciousness. The differential 
between (phylogenetically necessary) repres­
sion and surplus-repression may provide the cri­
teria. Within the total structure of the repressed 
personality, surplus-repression is that portion 
which is the result of specific societal condi­
tions sustained in the specific interest of domi­
nation. The extent of this surplus-repression 
provides the standard of measurement: the 
smaller it is, the less repressive is the stage of 
civilization. The distinction is equivalent to that 
between the biological and the historical 
sources of human suffering. Of the three 
"sources of human suffering" which Freud 
enumerates-namely, "the superior force of 
nature, the disposition to decay of our bodies, 
and the inadequacy of our methods of regulat­
ing human relations in the family, the com­
munity and the state" 16 -at least the first and 
the last are in a strict sense historical sources; 
the superiority of nature and the organization of 
societal relations have essentially changed in 
the development of civilization. Consequently, 
the necessity of repression, and of the suffering 
derived from it, varies with the maturity of civ­
ilization, with the extent of the achieved ratio­
nal mastery of nature and of society. Objective­
ly, the need for instinctual inhibition and re­
straint depends on the need for toil and delayed 
satisfaction. The same and even a reduced 
scope of instinctual regimentation would consti­
tute a higher degree of repression at a mature 
stage of civilization, when the need for renun­
ciation and toil is greatly reduced by material 
and intellectual progress-when civilization 
could actually afford a considerable release of 
instinctual energy expended for domination and 
toil. Scope and intensity of instinctual repres­
sion obtain their full significance only in rela­
tion to the historically possible extent of free­
dom. 
NOTES 

I. Ives Hendrick, "Work and the Pleasure Principle," 
in Psychoanalytic Quartaly, XII (1943), 314. 

2. Civiliza1ion and Its Disconte111s. p. 34 note.
3. In a letter of April 16, 1896, he speaks of the "moder­

ate misery necessary for intensive work." Ernest
Jones, The Life and Work of Sigmund Freud, Vol. I 
(New York: Basic !looks, I 953), p. 305. 

4. Civilizmion and Its Discontent,r, pp. 50-5 I note; Col­
lected Papers, V, 288ff.

5. "The Most Prevalent Form of Degradation in Erotic
Life," in Collected Papers, IV, 216. 

6. Civilization and Its Discontents, p. 74. 
7. "The Libido Theory," in Collected Papers. V, I 34. 
8. "'Civilized' Sexual Morality ... ," p. 82.
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1 0 . The Elio a n d  the I d  (Lon<lon: Hogarth Press ,  1 950) ,

pp .  3 8 ,  6 1 -63 . See Edwar d Glover , "Sub l imat ion ,
Substitu t ion , and Soc ia l  Anx iety , "  i n  /ntemational
Joumal of Psychoanalys is , Vol . X I I ,  No. 3 ( 1 93 1 ) ,
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The three phases of the machine civilization 
LEWIS MUMFORD 

■ Lewis  Mumford ,  hom in 1895 in F/11 .,hil11i , Neiv York , i. , a nmed author and social critic ivhose areas o
f 

illfere.\'I 
i11c/11de s11ch 101,ic .1· t1 .1· cit i ,• . 1· , tee/mies, and the de1•elop111e11t <1' human culture . lie has served a s an actillli editor of 
The Soci ological Review (l.m u/011) and as a rn- editor of The Ameri can Caravan . /fr has a lso held teaching posts 
at vt1 rio11s il 111eri ca 11 Unii ·ersitie. 1· , and ht1s received 1111111ero11.1· honors ji'om presti1iio11s societies in his ji l'id . il1110111i 
h is book.I' are The Myth o r  the Mach i ne  ( l'ol . I , 1 96 7; 1 '111 . II , 1 9 70) <1111/ Tcchnics and C iv i l i zation ( 1 934) , ji'om ivhich 
the ji,llmvinli pa .,. 1 ·ali<' . \' are excerpted .

T h i• a11thor pre.1· 1•1 1t. 1· here a th ree-.Hali<' theory o f 
the hiswry of modem tec/1110/oliY · il ccordini: to M11111ji,rd, the 

da wn of modem technology " .,tretche. 1· ro11ghly .fi-0111 the year /000 to I 750 , " a period that he calls the eotechnic 
phase .  D11ri111i this early phase, 1ec/111 olo11y wa s mainly ba sed on two so11 rce.1· of power : wood and water .  By the 

middle of the ei11htee11th cem11ry , the eotechnic phase had jiuled into the pa leoteclmic plw .1·e ,  in which the so11rce.1· of 
poiver were 111t1i11 ly coal t111d iron . While , d11 rinli the eotechnic pht1se , technololiY wa s even ly distrib11ted o ver a terri­
tor y ,  the new ph t1. l'l' 11shered in the c/11 .,tering of industrie.l'. Cro 111ded i11 d11s1 rial centers app eared, and 111ith them 
di. 1 ·ea . 1 ·e ,  pover ty , and other ills . 

By the middle of the ninete,•nth century , many of the major di. 1·co l'eries that ushered in the third phase had already 

been made . Th11.1· the neotechnic phase , based 011 electricity and alloys ,  belian to slowly replace the pa /eotechn ic 
phase . Like the eotechnic JJh<1 se , this phase did 1 101 require the c/usterin11 of i11d11stries; it promised to restore healthier 
and happier . 1 ·11 rm111u/ing1· to the worker . 

1 . TH E EOT EC H N I C  PH A S E
Tech n ica l  sy ncrctis m 

C i v i l i za t ion s  a re not  sel f-con ta i ned organ ­
i s m s .  M odern man cou ld  no t  have fou nd h i s  
o w n  pa rt i c u l ar modes o f  though t  or i n vented h i s  
prese n t  tec h n i c a l  equ i p men t  w i thou t  draw i ng  
free l y  on the c u lt u res t h a t  had p receded h im or 
tha t conti n u ed to deve lop abou t  h i m .  

Each grea t d i ffere n t i a t i o n  i n  cu l t u re seem s to 
be the ou tcome , i n  fac t ,  of a process of s y n ­
creti sm . Fl i nders Petric , i n h is d i scu ssion of 
Egyp ti an c i v i l i zati on , h as shown that the ad­
mi x tu re wh i ch was necessary for its develop­
men t and fu l fi l l me n t  even h ad a racial basi s; and 
i n  the devel op men t of Chri stian i ty it i s  pl ai n
tha t the mos t d iverse forei gn cl emen ts - a  D io­
nys i an earth m y t h , Greek ph i l osophy , Jewi sh 

D / \b ridgc<l and rep r i nted from Teclmics And Civilization 
by Lewis M urn fo r<l ,  copy r

ight 1 934 by Harcourt i l racc 
Jovanovich, Inc.; copy r ight I 962 by Lewis Mumfo rd. Re­
p r i nted by pe rm iss ion of the pub l ishe r. Copyright i n  U .K .
by Rout lc<lgc & Kega n Paul Ltd . 

Mes s i an i s m , M i th ra i s m , Zoroastri a n i sm - all  

p l ayed a part in g i v i n g th e spec i fi c  con ten t  and 

even the form to th e u l t i m ate col lec ti on of 

my th s an d offices t hat became Chri s t i a n i ty .  
Uefore th i s  sync rct i sm can take p l ace , th e 

cu ltu re s from wh ich t he element s are drawn 

m u s t  e i ther be i n  a state of d i ssol u ti on , or suffi ­

c i en tl y  remote i n  ti me or space so that s i ngl e  
elemen ts can be extracted from the tangled 

mass of real i n s ti tuti on s .  U n l ess th i s  cond iti on 

ex i sted the el emen t s  themsel ves wou ld not be 
free , as it were , to move over toward the new 
pol e .  Warfare ac ts as such an agent of d issocia­

tion , and i n  poi n t  of ti me the mechanical rena­

scence of Western Eu rope was assoc i ated with 

the shock and s t ir of the Cru sades . For what the 
new civ il ization picks up i s  not the compl ete 

forms and institutions of a sol id culture , but just 

those fragmen ts that can be transported and 
transplanted: it uses inventions , patterns , ideas , 
in the way that the Goth ic builders in En gland 

used the occas ional stones or tiles of the Roman
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villa in combination with the native flint and in 
the entirely different forms of a later architec­
ture. If the villa had still been standing and oc­
cupied, it could not have been conveniently 
quarried. It is the death of the original form, or 
rather, the remaining life in the mins, that per­
mits the free working over and integration of 
the clements of other cultures. 

One further fact about syncretism must be 
noted. In the first stages of integration, before a 
culture has set its own definite mark upon the 
materials, before invention has crystallized into 
satisfactory habits and routine, it is free to draw 
upon the widest sources. The beginning and the 
end, the first absorption and the final spread 
and conquest, after the cultural integration has 
taken place, are over a worldwide realm. 

These generalizations apply to the origin of 
the present-day machine civilization: a creative 
syncretism of inventions, gathered from the 
technical debris of other civilizations, made 
possible the new mechanical body. The water­
wheel, in the form of the Noria, had been used 
by the Egyptians to raise water, and perhaps 
by the Sumerians for other purposes; certainly 
in the early part of the Christian era watermills 
had become fairly common in Rome. The wind­
mill perhaps came from Persia in the eighth 
century. Paper, the magnetic needle, gunpow­
der, came from China, the first two by way of 
the Arabs: algebra came from India through the 
Arabs, and chemistry and physiology came via 
the Arabs, too, while geometry and mechanics 
had their origins in pre-Christian Greece. The 
steam engine owed its conception to the great 
inventor and scientist, Hero of Alexandria: it 
was the translations of his works in the sixteenth 
century that turned attention to the possibilities 
of this instrument of power. 

In short, most of the important inventions 
and discoveries that served as the nucleus for 
further mechanical development, did not arise, 
as Spengler would have it, out of some mysti­
cal inner drive of the Faustian soul: they were 
wind-blown seeds from other cultures. After the 
tenth century in Western Europe the ground 
was, as I have shown, well plowed and har­
rowed and dragged, ready to receive these 
seeds; and while the plants themselves were 
growing, the cultivators of art and science were 
busy keeping the soil friable. Taking root in 
medieval culture, in a different climate and soil, 
these seeds of the machine sported and took on 
new forms: perhaps, precisely because they had 
not originated in Western Europe and had no 

natural enemies there, they grew as rapidly and 
gigantically as the Canada thistle when it made 
its way onto the South American pampas. But 
at no point-and this is the important thing to 
remember-did the machine represent a com­
plete break. So far from being unprepared for 
in human history, the modern machine age can­
not be understood except in terms of a very long 
and diverse preparation. The notion that a hand­
ful of British inventors suddenly made the 
wheels hum in the eighteenth century is too 
crude even to dish up as a fairy tale to children. 

The technological complex 

Looking back over the last thousand years, 
one can divide the development of the machine 
and the machine civilization into three succes­
sive but over-lapping and inte1penetrati11g 
phases: eotechnic, paleotechnic, neotechnic. 
The demonstration that industrial civilization 
was not a single whole, but showed two 
marked, contrasting phases, was first made by 
Professor Patrick Geddes and published a gen­
eration ago. In defining the paleotechnic and 
neotechnic phases, he however neglected the 
important period of preparation, when all the 
key inventions were either invented or fore­
shadowed. So, following the archeological 
parallel he called attention to, I shall call the 
first period the eotechnic phase: the dawn age 
of modern technics. 

While each of these phases roughly repre­
sents a period of human history, it is charac­
terized even more significantly by the fact that 
it forms a technological complex. Each phase, 
that is, has its origin in certain definite regions 
and tends to employ certain special resources 
and raw materials. Each phase has its specific 
means of utilizing and generating energy, and 
its special forms of production. Finally, each 
phase brings into existence particular types of 
workers, trains them in particular ways, devel­
ops certain aptitudes and discourages others, 
and draws upon and further develops certain 
aspects of the social heritage. 

Almost any part of a technical complex will 
point to and symbolize a whole series of rela­
tionships within that complex. Take the various 
types of writing pen. The goose-quill pen, 
sharpened by the user, is a typical eotechnic 
product: it indicates the handicraft basis of in­
dustry and the close connection with agricul­
ture. Economically it is cheap; technically it is 
crude, but easily adapted to the style of the user. 
The steel pen stands equally for the paleotech-
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nic phase: cheap and uniform, if not durable, 
it is a typical product of the mine, the steel mill 
and of mass-production. Technically, it is an 
improvement upon the quill-pen; but to approxi­
mate the same adaptability it must be made in 
half a dozen different standard points and 
shapes. And finally the fountain pen-though 
invented as early as the seventeenth century­
is a typical neotechnic product. With its barrel 
of rubber or synthetic resin, with its gold pen, 
with its automatic action, it points to the finer 
neotechnic economy: and in its use of the dura­
ble iridium tip the fountain pen characteristical­
ly lengthens the service of the point and reduces 
the need for replacement. These respective 
characteristics are reflected at a hundred points 
in the typical environment of each phase; for 
though the various parts of a complex may be 
invented at various times, the complex itself 
will not be in working order until its major parts 
are all assembled. Even today the neotechnic 
complex still awaits a number of inventions 
necessary to its perfection: in particular an accu­
mulator with six times the voltage and at least 
the present amperage of the existing types of 
cell. 

Speaking in terms of power and characteristic 
materials, the eotechnic phase is a water-and­
wood complex: the paleotechnic phase is a coal­
and-iron complex, and the neotechnic phase is 
an electricity-and-alloy complex. It was Marx's 
great contribution as a sociological economist 
to see and partly to demonstrate that each period 
of invention and production had its own specific 
value for civilization, or, as he would have put 
it, its own historic mission. The machine cannot 
be divorced from its larger social pattern; for 
it is this pattern that gives it meaning and pur­
pose. Every period of civilization carries within 
it the insignificant refuse of past technologies 
and the important germs of new ones: but the 
center of growth lies within its own complex. 

The dawn-age of our modern technics 
stretches roughly from the year 1000 to 1750. 
During this period the dispersed technical ad­
vances and suggestions of other civilizations 
were brought together, and the process of in­
vention and experimental adaptation went on at 
a slowly accelerating pace. Most of the key in­
ventions necessary to universalize the machine 
were promoted during this period; there is 
scarcely an element in the second phase that 
did not exist as a germ, often as an embryo, fre­
quently as an independent being, in the first 
phase. This complex reached its climax, tech-

nologically speaking, in the seventeenth cen­
tury, with the foundation of experimental sci­
ence, laid on a basis of mathematics, fine ma­
nipulation, accurate timing, and exact measure­
ment. 

The eotechnic phase did not of course come 
suddenly to an end in the middle of the eigh­
teenth century: just as it reached its climax first 
of all in Italy in the sixteenth century, in the 
work of Leonardo and his talented contemporar­
ies, so it came to a delayed fruition in the 
America of 1850. Two of its finest products, the 
clipper ship and the Thonet process of making 
bent-wood furniture, date from the eighteen­
thirties. There were parts of the world, like Hol­
land and Denmark, which in many districts 
slipped directly from an eotechnic into the neo­
technic economy, without feeling more than the 
cold shadow of the paleotechnic cloud. 

With respect to human culture as a whole, 
the eotechnic period, though politically a 
chequered one, and in its later moments char­
acterized by a deepening degradation of the 
industrial worker, was one of the most brilliant 
periods in history. For alongside its great me­
chanical achievements it built cities, cultivated 
landscapes, constructed buildings, and painted 
pictures, which fulfilled, in the realm of human 
thought and enjoyment, the advances that were 
being decisively made in the practical life. 
And if this period failed to establish a just and 
equitable polity in society at large, there were at 
least moments in the life of the monastery and 
the commune that were close to its dream: the 
afterglow of this life was recorded in More's 
Utopia and Andreae's Christianopolis. 

Noting the underlying unity of eotechnic civi­
lization, through all its superficial changes in 
costume and creed, one must look upon its suc­
cessive portions as expressions of a single cul­
ture. This point is now being re-enforced by 
scholars who have come to disbelieve in the no­
tion of the gigantic break supposed to have been 
made during the Renascence: a contemporary 
illusion, unduly emphasized by later historians. 
But one must add a qualification: namely, that 
with the increasing technical advances of this 
society there was, for reasons partly indepen­
dent of the machine itself, a corresponding cul­
tural dissolution and decay. In short, the Rena­
scence was not, socially speaking, the dawn of 
a new day, but its twilight. The mechanical arts 
advanced as the humane arts weakened and re­
ceded, and it was at the moment when form and 
civilization had most completely broken up that 
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the tempo of invention became more rapid, and 
the multiplication of machines and the increase 
of power took place. 

New sources of power 

At the bottom of the eotechnic economy 
stands one important fact: the diminished use of 
human beings as prime movers, and the separa­
tion of the production of energy from its appli­
cation and immediate control. While the tool 
stiil dominated production energy and human 
skill were united within the craftsman himself: 
with the separation of these two clements the 
productive process itself tended toward a 
greater impersonality, and the machine-tool and 
the machine developed along with the new en­
gines of power. If power machinery be a criteri­
on, the modern industrial revolution began in 
the twelfth century and was in full swing by the 
fifteenth. 

The eotechnic period was marked first of all 
by a steady increase in actual horsepower. This 
came directly from two pieces of apparatus: 
first, the introduction of the iron horseshoe, 
probably in the ninth century, a device that in­
creased the range of the horse, by adapting him 
to other regions besides the grasslands, and 
added to his effective pulling power by giving 
his hoofs a grip. Second: by the tenth century 
the modern form of harness, in which the pull is 
met at the shoulder instead of at the neck, was 
re-invented in Western Europe-it had existed 
in China as early as 200 B.C. -and by the 
twelfth century, it had supplanted the inefficient 
harness the Romans had known. The gain was a 
considerable one, for the horse was not merely a 
useful aid in agriculture or a means of trans­
port: he became likewise an improved agent of 
mechanical production: mills utilizing horse­
power directly for grinding corn or for pumping 
water came into existence all over Europe, 
sometimes supplementing other forms of non­
human power, sometimes serving as the princi­
pal source. The increase in the number of horses 
was made possible, again, by improvements in 
agriculture and by the opening up of the hither­
to sparsely cultivated or primeval forest areas in 
northern Europe. This created a condition 
somewhat similar to that which was repeated 
in America during the pioneering period: the 
new colonists, with plenty of land at their dis­
posal, were lacking above all in labor power, 
and were compelled to resort to ingenious labor­
saving devices that the better settled regions in 
the south with their surplus of labor and their 

easier conditions of living were never forced to 
invent. This fact perhaps was partly responsible 
for the high degree of technical initiative that 
marks the period. 

But while horse power ensured the utilization 
of mechanical methods in regions not otherwise 
favored by nature, the greatest technical prog­
ress came about in regions that had abundant 
supplies of wind and water. lt was along the fast 
flowing streams, the Rhone and the Danube and 
the small rapid rivers of Italy, and in the North 
Sea and Baltic areas, with their strong winds, 
that this new civilization had its firmest founda­
tions and some of its most splendid cultural ex­
pressions .... 

2. THE PALEOTECHNIC PHASE
England's belated leadership

By the middle of the eighteenth century the 
fundamental industrial revolution, that which 
transformed our mode of thinking, our means of 
production, our manner of living, had been ac­
complished: the external forces of nature were 
harnessed and the mills and looms and spindles 
were working busily through Western Europe. 
The time had come to consolidate and system­
atize the great advances that had been made. 

At this moment the eotechnic regime was 
shaken to its foundations. A new movement ap­
peared in industrial society which had been 
gathering headway almost unnoticed from the 
fifteenth century on: after 1750 industry passed 
into a new phase, with a different source of 
power, different materials, different social ob­
jectives. This second revolution multiplied, 
vulgarized, and spread the methods and goods 
produced by the first: above all, it was directed 
toward the quantification of life, and its success 
could be gauged only in terms of the multipli­
cation table .... 

The new barbarism 

As we have seen, the earlier technical devel­
opment had not involved a complete breach 
with the past. On the contrary, it had seized 
and appropriated and assimilated the technical 
innovations of other cultures, some very an­
cient, and the pattern of industry was wrought 
into the dominant pattern of life itself. Despite 
all the diligent mining for gold, silver, lead and 
tin in the sixteenth century, one could not call 
the civilization itself a mining civilization; and 
the handicraftsman's world did not change com­
pletely when he walked from the workshop to 
the church, or left the garden behind his house 
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to wander out into the open fields beyond the 
city's walls. 

Paleotechnic industry, on the other hand, 
arose out of the breakdown of European soci-
cty and carried the process of disruption to a 
finish. There was a sharp shift in interest from 
life values to pecuniary values: the system of 
interests which only had been latent and which 
had been restricted in great measure to the mer­
chant and leisure classes now pervaded every 
walk of life. It was no longer sufficient for in­
dustry to provide a lifelihood: it must create an 
independent fortune: work was no longer a nec­
essary part of living: it became an all-important 
end. Industry shifted to new regional centers in 
England: it tended to slip away from the estab­
lished cities and to escape to decayed boroughs 
or to rural districts which were outside the field 
of regulation. Bleak valleys in Yorkshire that 
supplied water power, dirtier bleaker valleys in 
other parts of the land which disclosed seams of 
coal, became the environment of the new indus­
trialism. A landless, traditionless proletariat, 
which had been steadily gathering since the six­
teenth century, was drawn into these new areas 
and put to work in these new industries: if peas­
ants were not handy, paupers were supplied by 
willing municipal authorities: if male adults 
could be dispensed with, women and children 
were used. These new mill villages and mill­
towns, barren of even the dead memorials of 
an older humaner culture, knew no other round 
and suggested no other outlet, than steady un­
remitting toil. The operations themselves were 
repetitive and monotonous; the environment 
was sordid; the 1ife that was lived in these new 
centers was empty and barbarous to the last de­
gree. Herc the break with the past was com­
plete. People lived and died within sight of the 
coal pit or the cotton mill in which they spent 
from fourteen to sixteen hours of their daily life, 
lived and died without either memory or hope, 
happy for the crusts that kept them alive or the 
sleep that brought them the brief uneasy solace 
of dreams. 

Wages, never far above the level of subsis­
tence, were driven down in the new industries 
by the competition of the machine. So low were 
they in the early part of the nineteenth century 
that in the textile trades they even for a while 
retarded the introduction of the power loom. As 
if the surplus of workers, ensured by the dis­
franchisement and paupcrization of the agricul­
tural workers, were not enough to re-enforce 
the Iron Law of Wages, there was an extraordi-

nary rise in the birth-rate. The causes of this ini­
tial rise are still obscure; no present theory fully 
accounts for it. But one of the tangible motives 
was the fact that unemployed parents were 
forced to live upon the wages of the young they 
had begotten. From the chains of poverty and 
perpetual destitution there was no escape for the 
new mine worker or factory worker: the servil­
ity of the mine, deeply engrained in that occu­
pation, spread to all the accessory employ­
·ments. It needed both luck and cunning to es­
cape those shackles.

Here was something almost without parallel
in the history of civilization: not a lapse into
barbarism through the enfeeblement of a higher
civilization, but an upthrnst into barbarism,
aided by the very forces and interests which
originally had been directed toward the con­
quest of the environment and the pe1i'ection of
human culture. Where and under what condi­
tions did this change take place? And how,
when it represented in fact the lowest point in
social development Europe had known since the
Dark Ages did it come to be looked upon as a
humane and beneficial advance? We must an­
swer those questions.

The phase one here defines as paleotechnic
reached its highest point, in terms of its own
concepts and ends, in England in the middle of
the nineteenth century: its cock-crow of triumph
was the great industrial exhibition in the new
Crystal Palace at Hyde Park in 1851: the first
World Exposition, an apparent victory for free
trade, free enterprise, free invention, and free
access to all the world's markets by the coun­
try that boasted already that it was the workshop
of the world. From around 1870 onwards the
typical interests and preoccupations of the
paleotechnic phase have been challenged by
later developments in technics itself, and modi­
fied by various counterpoises in society. But
like the eotechnic phase, it is still with us: in­
deed,_ in certain parts of the world, like Japan
and China, it even passes for the new, the pro­
gressive, the modern, while in Russia an unfor­
tunate residue of paleotechnic concepts and
methods has helped misdirect, even partly crip­
ple, the otherwise advanced economy projected
by the disciples of Lenin. In the United States
the paleotechnic regime did not get under way
until the eighteen fifties, almost a century after
England; and it reached its highest point at the
beginning of the present century, whereas in
Germany it dominated the years between 1870
and 1914, and, being carried to perhaps fuller
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and completer expression, has collapsed with 
greqter rapidity there than in any other part of 
the world. France, except for its special coal 
and iron centers, escaped some of the worst de­
fect� of the period; while Holland, like Den­
mar)( and in part Switzerland, skipped aln�ost 
dire(:tly from an eotechnic into a neotechnic 
ecorwmy, and except in ports like Rotterdam 
and in the mining districts, vigorously resisted 
the ealeotechnic blight. ... 

Carboniferous capitalism 

The great shift in population and industry 
that took place in the eighteenth century was 
due to the introduction of coal as a source of 
mecpanical power, to the use of new means of 
makjng that power effective-the steam en­
gine-and to new methods of smelting and 
working up iron. Out of this coal and iron com­
plex, a new civilization developed. 

Like so many other elements in the new tech­
nical world, the use of coal goes back a consid­
erable distance in history. There is a reference 
to it in Theophrastus: in 320 n.c. it was used 
by smiths; while the Chinese not merely used 
coal for baking porcelain but even employed 
natural gas for illumination, Coal itself is a 
unique mineral: apart from the precious metals, 
it is one of the few unoxidized substances found 
in nature; at the same time it is one of the most 
easy to oxidize: weight for weight it is of course 
much more compact to store and transport than 
wood. 

As early as 1234 the freemen of Newcastle 
were given a charter to dig for coal, and an ordi­
nance attempting to regulate the coal nuisance 
in London dates from the fourteenth century. 
Five hundred years later coal was in general use 
as a fuel among glassmakers, brewers, distill­
ers, sugar bakers, soap boilers, smiths, dyers, 
brickmakers, lime burners, founders, and calico 
printers. But in the meanwhile a more signifi­
cant use had been found for coal: Dud Dudley 
at the beginning of the seventeenth century 
sought to substitute coal for charcoal in the pro­
duction of iron: this aim was successfully ac­
complished by a Quaker, Abraham Darby, in 
1709. By that invention the high-powered blast 
furnace became possible; but the method itself 
did not make its way to Coalbrookdale in 
Shropshire to Scotland and the North of En­
gland until the l 760's. The next development in 
the making of cast-iron awaited the introduction 
of a pump which should deliver to the furnace a 
more effective blast of air: this came with the 

invention of Watt's steam pump, and the de­
mand for more iron, which followed, in turn 
increased the demand for coal. 

Meanwhile, coal as a fuel for both domestic 
heating and power was started on a new career. 
By the end of the eighteenth century coal be­
gan to take the place of current sources of ener­
gy as an illuminant through Murdock's devices 
for producing illuminating gas. Wood, wind, 
water, beeswax, tallow, sperm-oil-all these 
were displaced steadily by coal and derivatives 
of coal, albeit an efficient type of burner, that 
produced by Welsbach, did not appear until 
electricity was ready to supplant gas for illumi­
nation. Coal, which could be mined long in ad­
vance of use, and which could be stored up, 
placed industry almost out of reach of seasonal 
influences and the caprices of the weather. 

In the economy of the earth, the large-scale 
opening up of coal seams meant that industry 
was beginning to live for the first time on an 
accumulation of potential energy, derived from 
the ferns of the carboniferous period, instead 
of upon current income. In the abstract, man­
kind entered into the possession of a capital in­
heritance more splendid than all the wealth of 
the Indies; for even at the present rate of use it 
has been calculated that the present known sup­
plies would last three thousand years. In the 
concrete, however, the prospects were more 
limited, and the exploitation of coal carried 
with it penalties not attached to the extraction 
of energy from growing plants or from wind and 
water. As long as the coal seams of England, 
Wales, the Ruhr, and the Alleghanies were deep 
and rich the limited terms of this new economy 
could be overlooked: but as soon as the first 
easy gains were realized the difficulties of keep­
ing up the process became plain. For mining is 
a robber industry: the mine owner, as Messrs. 
Tryon and Eckel point out, is constantly con­
suming his capital, and as the surface measures 
are depleted the cost per unit of extracting min­
erals and ores becomes greater. The mine is the 
worst possible local base for a permanent civi­
lization: for when the seams are exhausted, the 
individual mine must be closed down, leaving 
behind its debris and its deserted sheds and 
houses. The by-products are a befouled and dis­
orderly environment; the end product is an ex­
hausted one .... 

The degradation of the worker 

Kant's doctrine, that every human being 
should be treated as an end, not as a means, was 
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formulated precisely at the moment when me­
chanical industry had begun to treat the worker 
solely as a means-a means to cheaper mechan­
ical production. Human beings were dealt with 
in the same spirit of brntality as the landscape: 
labor was a resource to be exploited, to be 
mined, to be exhausted, and finally to be dis­
carded. Responsibility for the worker's life and 
health ended with the cash-payment for the 
day's labor. 

The poor propagated like flies, reached in­
dustrial maturity-ten or twelve years of age­
promptly, served their term in the new textile 
mills or the mines, and died inexpensively. 
During the early paleotechnic period their ex­
pectation of life was twenty years less than that 
of the middle classes. For a number of centuries 
the degradation of labor had been going on 
steadily in Europe; at the end of the eighteenth 
century, thanks to the shrewdness and near­
sighted rapacity of the English industrialists, it 
reached its nadir in England. In other countries, 
where the paleotechnic system entered later, the 
same brutality emerged: the English merely set 
the pace. What were the causes at work? 

By the middle of the eighteenth century the 
handicraft worker had been reduced, in the new 
industries, into a competitor with the machine. 
But there was one weak spot in the system: 
the nature of human beings themselves: for at 
first they rebelled at the feverish pace, the rigid 
discipline, the dismal monotony of their tasks. 
The main difficulty, as Ure pointed out, did 
not lie so much in the invention of an effective 
self-acting mechanism as in the "distribution of 
the different members of the apparatus into one 
cooperative body, in impelling each organ with 
its appropriate delicacy and speed, and above 
all, in training human beings to renounce their 
desultory habits of work and to identify them­
selves with the unvarying regularity of the com­
plex automaton." "By the infirmity of human 
nature," wrote Ure again, "it happens that the 
more skillful the workman, the more self-willed 
and intractable he is apt to become, and of 
course the less fit and component of the me­
chanical system in which ... he may do great 
damage to the whole.'' 

The first requirement for the factory system, 
then, was the castration of skill. The second 
was the discipline of starvation. The third was 
the closing up of alternative occupations by 
means of land-monopoly and dis-education. 

In actual operation, these three requirements 
were met in reverse order. Poverty and land 

monopoly kept the workers in the locality that 
needed them and removed the possibility of 
their improving their position by migration: 
while exclusion from craft apprenticeship, to­
gether with specialization in subdivided and 
partitioned mechanical functions, unfitted the 
machine-worker for the career of pioneer or 
farmer, even though he might have the oppor­
tunity to move into the free lands in the newer 
parts of the world. Reduced to the function of a 
cog, the new worker could not operate without 
being joined to a machine. Since the workers 
lacked the capitalists' incentives of gain and so­
cial opportunity, the only things that kept them 
bound to the machine were starvation, igno­
rance, and fear. These three conditions were the 
foundations of industrial discipline, and they 
were retained by the directing classes even 
though the poverty of the worker undermined 
and periodically rnined the system of mass pro­
duction which the new factory discipline pro­
moted. Therein lay one of the inherent "contra­
dictions" of the capitalist scheme of produc­
tion .... 

3. THE NEOTECHNIC PHASE
The beginnings of neotechnics

The neotechnic phase represents a third defi­
nite development in the machine during the last 
thousand years. It is a true mutation: it differs 
from the paleotechnic phase almost as white 
differs from black. But on the other hand, it 
bears the same relation to the eotechnic phase 
as the adult form does to the baby. 

During the neotechnic phase, the concep­
tions, the anticipations, the imperious visions of 
Roger Bacon, Leonardo, Lord Verulam, Porta, 
Glanvill, and the other philosophers and tech­
nicians of that day at last found a local habita­
tion. The first hasty sketches of the fifteenth 
century were now turned into working draw­
ings: the first guesses were now re-enforced 
with a technique of verification: the first crude 
machines were at last carried to perfection in 
the exquisite mechanical technology of the new 
age, which gave to motors and turbines prop­
erties that had but a century earlier belonged 
almost exclusively to the clock. The superb 
animal audacity of Cellini, about to cast his dif­
ficult Perseus, or the scarcely less daring work 
of Michelangelo, constructing the dome of St. 
Peter's, was replaced by a patient co-operative 
experimentalism: a whole society was now pre­
pared to do what had heretofore been the burden 
of solitary individuals. 
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Now, while the neotechnic phase is a definite 
physical and social complex, one cannot define 
jt as a period, partly because it has not yet de­
veloped its own form and organization, partly 
because we are still in the midst of it and cannot 
see its details in their ultimate relationships, 
and partly because it has not displaced the older 
re�ime with anything like the speed and deci­
siveness that characterized the transformation 
of the eotechnic order in the late eighteenth 
century. Emerging from the paleotcchnic order, 
tht! neotechnic institutions have nevertheless in 
m,my cases compromised with it, given way be­
fore it, lost their identity by reason of the 
weight of vested interests that continued to 
support the obsolete instruments anu the anti­
sociai aims of the middle industrial era. Paleo­
technic ideals still largely dmninate the industry 
and the politics of the Western World: the class 
struggles and the national strnggles are still 
pushed with relentless vigor. While eotcchnic 
practices linger on as civilizing influences, in 
gardens and parks and painting and music and 
the theater, the paleotechnic remains a barbariz­
ing influence. To deny this would be to cling to 
a fool's paradise. In the seventies Melville 
framed a question in fumbling verse whose 
significance has deepened with the intervening 
years: 

... Arts are tools; 
But tools, they say, arc to the strong: 
Is Satan weak? Weak is the wrong? 
No blessed augury overrules: 
Your arts advanced in faith's decay: 
You are but drilling the new Hun 
Whose growl even now can some dismay. 

To the extent that neotechnic industry has failed 
to transform the coal-and-iron complex, to the 
extent that it has failed to secure an adequate 
foundation for its humaner technology in the 
community as a whole, to the extent that it has 
lent its heightened powers to the miner, the fi­
nancier, the militarist, the possibilities of dis­
ruption and chaos have increased. 

But the beginnings of the neotechnic phase 
can nevertheless be approximately fixed. The 
first definite change, which increased the effi­
ciency of prime movers enormously, multiply­
ing it from three to nine times, was the perfec­
tion of the water-turbine by Fourneyron in 
1832 .... 

By 1850 a good part of the fundamental sci­
entific discoveries and inventions of the new 

phase had been made: the electric cell, the stor­
age cell, the dynamo, the motor, the electric 
lamp, the spectroscope, the doctrine of the con­
servation of energy. Between 1875 and 1900 
the detailed application of these inventions to 
industrial processes was carried out in the elec­
tric power station and the telephone and the ra­
dio telegraph. Finally, a series of complemen­
tary inventions, the phonograph, the moving 
picture, the gasoline engine, the steam turbine, 
the airplane, were all sketched in, if not per­
fected, by 1900: these in turn effected a radical 
transformation of the power plant and the fac­
tory, and they had further effects in suggesting 
new principles for the design of cities and for 
the utilization of the environment as a whole. 
By 1910 a definite counter-march against paleo­
technic methods began in industry itself. 

The outlines of the process were blurred by 
the explosion of the World War and by the sor­
did disorders and reversions and compensations 
that followed it. Though the instruments of a 
neotechnic civilization are now at hand, and 
though many definite signs of an integration 
are not lacking, one cannot say confidently that 
a single region, much less our Western Civili­
zation us a whole, has entirely embraced the 
neotechnic complex: for the necessary social 
institutions and the explicit social purposes 
requisite even for complete technological fulfill­
ment are lacking. The gains in technics arc 
never registered automatically in society: they 
require equally adroit inventions and adapta­
tions in politics; and the careless habit of attrib­
uting to mechanical improvements a direct role 
as instmments of culture and civilization puts a 
demand upon the machine to which it cannot re­
spond. Lacking a cooperative social intelligence 
and good-will, our most refined technics prom­
ises no more for society's improvement than an 
electric bulb would promise to a monkey in the 
midst of a jungle. 

Trne: the industrial world produced during 
the nineteenth century is either technologically 
obsolete or socially dead. But unfortunately, its 
maggoty corpse has produced organisms which 
in turn may debilitate or possibly kill the new 
order that should take its place: perhaps leave it 
a hopeless cripple. One of the first steps, how­
ever, toward combating such disastrous results 
is to realize that even technically the Machine 
Age does not form a continuous and harmoni­
ous unit, that there is a deep gap between the 
paleotechnic and neotechnic phases, and that 
the habits of mind and the tactics we have car-
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ried over from the old order are obstacles in the 
way of our developing the new. 

The importance of science 

The detailed history of the steam engine, the 
railroad, the textile mill, the iron ship, could 
be written without more than passing reference 
to the scientific work of the period. For these 
devices were made possible largely by the 
method of empirical practice, by trial and selec­
tion: many lives were lost by the explosion of 
steam-boilers before the safety-valve was gen­
erally adopted. And though all these inventions 
would have been the better for science, they 
came into existence, for the most part, without 
its direct aid. It was the practical men in the 
mines, the factories, the machine shops and the 
clockmakers' shops and the locksmiths' shops 
or the curious amateurs with a turn for manipu­
lating materials and imagining new processes, 
who made them possible. Perhaps the only sci­
entific work that steadily and systematically af­
fected the paleotechnic design was the analysis 
of the elements of mechanical motion itself. 

With the neotechnic phase, two facts of criti­
cal importance become plain. First, the scientif­
ic method, whose chief advances had been in 
mathematics and the physical sciences, took 
possession of other domains of experience: the 
living organism and human society also became 
the objects of systematic investigation, and 
though the work done in these departments was 
handicapped by the temptation to take over the 
categories of thought, the modes of investiga­
tion, and the special apparatus of quantitative 
abstraction developed for the isolated physical 
world, the extension of science here was to 
have a particularly important effect upon tech­
nics. Physiology became for the nineteenth cen­
tury what mechanics had been for the seven­
teenth: instead of mechanism forming a pattern 
for life, living organisms began to form a pat­
tern for mechanism. Whereas the mine domi­
nated the palcotechnic period, it was the vine­
yard and the farm and the physiological labo­
ratory that directed many of the most fruitful in­
vestigations and contributed to some of the most 
radical inventions and discoveries of the neo­
technic phase .... 

Second only to the more comprehensive at­
tack of the scientific method upon aspects of ex­
istence hitherto only feebly touched by it, was 
the direct application of scientific knowledge to 
technics and the conduct of life. In the neotcch­
nic phase, the main initiative comes, not from 

the ingenious inventor, but from the scientist 
who establishes the general law: the invention 
is a derivative product. It was Henry who in 
essentials invented the telegraph, not Morse; it 
was Faraday who invented the dynamo, not 
Siemens; it was Oersted who invented the elec­
tric motor, not Jacobi; it was Clerk-Maxwell 
and Hertz who invented the radio telegraph, not 
Marconi and De Forest. The translation of the 
scientific knowledge into practical instruments 
was a mere incident in the process of inven­
tion. While distinguished individual inventors 
like Edison, Baekeland and Sperry remained, 
the new inventive genius worked on the materi­
als provided by science. 

Out of this habit grew a new phenomenon: 
deliberate and systematic invention. Here was a 
new material: problem-find a new use for it. 
Or here was a necessary utility: problem-find 
the theoretic formula which would permit it to 
be produced. The ocean cable was finally laid 
only when Lord Kelvin had contributed the nec­
essary scientific analysis of the problem it pre­
sented: the thrust of the propeller shaft on the 
steamer was finally taken up without clumsy 
and expensive mechanical devices, only when 
Michell worked out the behavior of viscous 
fluids: long distance telephony was made pos­
sible only by systematic research by Pupin and 
others in the Bell Laboratories on the several 
elements in the problem. Isolated inspiration 
and empirical fumbling came to count less and 
less in invention. In a whole series of character­
istic neotechnic inventions the thought was fa­
ther to the wish. And typically, this thought is 
a collective product. ... 

New sources of energy 

The ncotcchnic phase was marked, to begin 
with, by the conquest of a new form of energy: 
electricity .... 

Unlike coal in long distance transportation, 
or like steam in local distribution, electricity is 
much easier to transmit without heavy losses of 
energy and higher costs. Wires carrying high 
tension alternating currents can cut across 
mountains which no road vehicle can pass over; 
and once an electric power utility is established 
the rate of deterioration is slow. Moreover, 
electricity is readily convertible into various 
forms: the motor, to do mechanical work, the 
electric lamp, to light, the electric radiator, to 
heat, the x-ray tube and the ultra-violet light, 
to penetrate and explore, and the selenium cell, 
to effect automatic control. 
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,SOCIOLOGICAL 

From "Technology, Nature, and Society" 
DANIEL BELL 

■ Daniel 13ell iv11.1· hom in New York Cily in 1919. He has been a pmfe.1·.wr 1fSocio/ogy al flan·11rd Universily sinl'l' 
1969, and \I'll.I' 11111<•111ber of the !'resident's Co111111i11ee 011 Tec/1110/ogy, A111011wtio11, all(/ Eco110111ic Progress ( 1964-

1966). He has received 1111111y honors and is curre111/y a memher of1he edi1orial h11ards of Daedalus and The American 
Scholar. A111011g his work.,· are The End of lueology ( 1960) and The Coming of Post-lnuustrial Society ( 1973), 

!Jell wke.1· iss11e here 1vi1h Jacques £1111/ over 1/,e lat/er' s claim 1ha1 tech11iq11e is a111011m1w11s (see 1he selection by 

Ella/ earlier in Pan Tivo). !Jell claims 1hat "tech110/ogy, or 1ech11iq11e, does 1101 hare a life o
f 

i1.1· own." To .mpporl 

his claim he i111rod11ce.1· jir.H a dis1i11clio11 be11vee11 '·1ec/1110/11gy'' 011 the one hand and ''the s11cial '.mppor! .1-ystem' in 

which it is i111hedded'' 011 1he 01her. Sinl'l' several kinds of .rnppon sys1e111.1· are compmible 1vi1h 1ech110/ogy, !Jell 

co11c/11des 1hm ii isji1/se /0 claim 1hm 1ech110/ogy leaves us 110 choices. lie makes a similar di.Hi11c1io11 he111•ee11 1ech-

110/ogy and 1he acco11111i11g sywem 1hm al/omtes cos1s. These oh.1·e1T1//io11.1· lead JJe/l 10 co11c/11de 1ha11he prol,/em does 

1w1 lie wi1h 1ech110/ogy, bu! rm her in our ahility as a society lo make !he right choicesji,r 1/1111 lechnology. ( For rela!ed 

vieivs on this is.me, see the A111011omo11s Technology De/}(l/e in Part n,ree.) 

WHAT IS SOCIETY'? 

The rhetoric of apocalypse haunts our times. 
Given the recurrence of the Day of Wrath in the 
Western imagination-when the seven seals are 
opened and the seven vials pour forth-it may 
be that great acts of guilt provoke fears of retri­
bution which are projected heavenward as 
mighty punishments of men. A little more than 
a decade ago we had the apocalyptic specter 
(whose reality content was indeed frightening) 
of a nuclear holocaust, and there was a Hood of 
predictions that a nuclear war was a statistical 
certainty before the end of the decade. That 
apocalypse has receded, and other guilts pro­
duce other fears. Today it is the ecological 
crisis, and we find, like the drumroll of Revela­
tion 14 to 16 recording the plagues: The Dooms­
day Book, Terracide, Our Plundered Planet, 
The Chas111 Ahead, The Hungry Planet, and so 
on.1

In the demonology of the time, "the great 
whore" is technology. It has profaned Mother 
Nature, it has stripped away the mysteries, it 
has substituted for the natural environment an 
artificial environment in which man cannot feel 
at home. 2 The modern heresy, in the thinking
of Jacques Ellul, the French social philosopher 
whose writing has been the strongest influence 
in shaping this school of thought, has been to 
enshrine la technique as the ruling principle of 
society. 

D In Technology and the Frontiers o f 

Knowledge, The 
Frank Nelson Doubleday Lectures- 1972-73 (New York: 
Doubleday & Company, Inc,, 1975), pp. 60-66. Copyright 
© 1973, 1974, 1975 by Ooubkday & Company, Inc. 

Ellul defines technique as: 

the translation into action of man's concern to master 
things by means of reason, to account for what is 
subconscious, make quantitative what is qualitative, 
make clear and precise the outlines of nature, take 
hold of chaos and put order into it. 

Technique, by its power, takes over the govern­
ment: 

Theoretically our politicians arc at the center of the 
machinery, but actually they arc being progressively 
eliminated by it. Our statesmen are important satel­
lites of the machine, which, with all its parts and 
techniques, apparently functions as well without 
them. 

Technique is a new morality which "has placed 
itself beyond good and evil and has such power 
and autonomy [that] it in turn has become the 
judge of what is moral, the creator of a new 
morality." We have here a new demiurge, an 
"unnatural" and "blind" logos that in the end 
enslaves man himself: 

When technique enters into the realm of social life, 
it collides ceaselessly with the human being. , , , 
Technique requires predictability and, no less, exact­
ness of prediction. It is necessary, then, that tech­
nique prevail over the human being. For technique, 
this is a matter of life and death. Technique must re­
duce man to a technical animal, the king of the slaves 
of technique. :i 

Ellul has painted a rcified world in which la 
technique is endowed with anthropomorphic 
and dcmonological attributes. (Milton's Satan, 
someone remarked, is Prometheus with Chris­
tian theology.) Many of the criticisms of tech-

52



 SOME SALIENT VIEWS ON TECHNOLOGY 

nology today remind one of Goethe, who re­
jected Newton's optics on the ground that the 
microscope and telescope distorted the human 
scale and confused the mind. The point is wel I 
taken, if there is confusion of realms. What the 
eye can see unaided, and must respond to, is 
different from the microcosm below and the 
macrocosm beyond. Necessary distinctions 
have to be maintained. The difficulty today is 
that it is the critics of technology who absolutize 
the dilemmas and have no answers, short of the 
apocalyptic solutions that sound like the famil­
iar comedy routine "Stop the world, I want to 
get off.'' 

Against such cosmic anguish one feels almost 
apologetic for mundane answers. But after the 
existentialist spasm, there remain the dull and 
unyielding problems of ordinary, daily life. The 
point is that technology, or technique, does not 
have a life of its own. There is no immanent 
logic of technology, no "imperative" that must 
be obeyed. Ellul has written: "Technique is a 
means with a set of rules for the game. . . . 
There is but one method for its use, one possi­
bility. "·1 

But this is patently not so if one distinguishes 
between technology and the social 4 'support 
system" in which it is embedded. 5 The automo­
bile and the highway network form a technolog­
ical system; the way this system is used is a 
question of social organization. And the rela­
tion between the two can vary considerably. 
We can have a social system that emphasizes 
the private use of the automobile; money i•s then 
spent to provide parking and other facilities nec­
essary to that purpose. On the other hand, argu­
ing that an automobile is a capital expenditure 
whose "down time" is quite large, and that 
twenty feet of street space for a single person 
in one vehicle is a large social waste, we could 
penalize private auto use and have only a rental 
and taxi system that would substantially reduce 
the necessary number of cars. The same tech­
nology is compatible with a variety of social or­
ganizations, and we choose the one we want to 
use. 

One should also distinguish between technol­
ogy and the accounting system that allocates 
costs. Until recently, the social costs generated 
by different technologies have not been borne 
by the individuals or firms responsible for them, 
because the criterion of social accountability 
was not used. Today that is changing. The tech­
nology of the internal-combustion engine is be· 
ing modified because the government now in-

sists that the pollution it generates be reduced. 
And the technology is being changed. The ener­
gy crisis we face is less a physical shortage 
than the result of new demands-by consumers, 
and by socially minded individuals for a differ­
ent kind of technological use of fuels. If we 
could burn the high-sulphur fuels used until a 
few years ago, there would be less of an energy 
crisis; but there would be more pollution. Here, 
too, the problem is one of costs and choice. 

The source of our predicament is not the 
''imperatives'' of technology but a lack of deci­
sion mechanisms for choosing the kinds of tech­
nology and social support patterns we want. 
The venerated teacher of philosophy at City 
College Morris Raphael Cohen used to pose a 
question to his students in moral philosophy: If 
a Moloch God were to offer the human race an 
invention that would enormously increase each 
individual's freedom and mobility, but de­
manded the human sacrifice of thirty-thousand 
lives (the going price at the time), would you 
take it? That invention, of course, was the auto­
mobile. But we had no mechanisms for assess­
ing its effects and planning for the control of 
its use. Two hundred years ago, no one 
''voted'' for our present industrial system, as 
men voted for a polity or a constitution. To 
this extent, the phrase ''the industrial revolu­
tion" is deceptive, for there was no single mo­
ment when people could decide, as they did po­
liticalJy in 1789 or 1793 or 1917, for or against 
the new system. And yet today, with our in­
creased awareness of alternates and conse­
quences, we are beginning to make those 
choices. We can do this by technology assess­
ment, and by social policy which either penal­
izes or encourages a technological development 
(e.g., the kind of energy we use) through the 
mechanism of taxes and subsidy. 

A good deal of. our intellectual difficulty 
sterns fronr the way we conceive of society. 
Emile Durkheim, one of the founding fathers of 
modern sociology, contributed to this difficulty 
by saying that society exists .rni generis, mean­
ing that it could not be reduced to psychological 
factors. In a crucial sense he was right, but in 
his formulation he pictured society as an entity, 
a collective conscience outside the individual, 
acting as an external constraint on his behavior. 
And this lent itself to the romantic dualism of 
the individual versus society. 

Society is .mi generis, a level of complex or­
ganizations created by the degree of interdepen­
dence and the multiplicity of ties among men. 
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A traffic jam, as Thomas Schelling has pointed 
out, is best analyzed not in terms of the individ­
ual pathologies of the drivers, but by consider­
ing the layout of roads, the pattern of flow into 
and out of the city, the congestion at particular 
times because of work scheduling, and so on. 
Society is not some external artifact, but a set 
of social arrangements, created by men, to 
regulate normatively the exchange of wants and 
satisfactions. 

The order of society differs from the order of 
nature. Nature is ''out there,'' without telos, 
and men must discern its binding and constrain­
ing laws to refit the world. Society is a moral 
order, defined by consciousness and purpose, 
and justified by its ability to satisfy men's 
needs, material and transcendental. Society is a 
design that, as men become more and more con­
scious of its consequences and effects, is sub­
ject to reordering and rearrangement in the ef­
fort to solve its quandaries. It is a social con­
tract, made not in the past but in the present, in 
which the constructed rules are obeyed if they 
seem fair and just. 

The problems of modern society arise from 
its increasing complexity and interdepen­
dence-the multiplication of interaction and the 
spread of syncretism-as old segmentations 
break down and new arrangements are needed. 
The resolution of the problem is twofold: to 
create political and administrative structures 
that are responsive to the new scales, and to de­
velop a more comprehensive or coherent creed 
that diverse men can share. The prescription is 
easy. It is the exegesis, as the listener to Rabbi 
Hillel finally understood, that is difficult.<, 

NOTES 

l. The temper is not restricted to ecologists. Alfred Kazin 
cites the titles of some recent cultural-social analyses of 
"our situation": Reflections on a Sinking Ship, Wait­
inx for the End, The Fire Next Time, The Economy of 
Death, The Sense of an Endini, On the Edge of Histmy, 
711inki11g About the Unthinkable. 

2. Theodore Roszak, for example, writes: " ... we must 
not ignore the fact that there is a natural environment­
the world of wind and wave, beast and flower, sun and 
stars-and that preindustrial people lived for millennia 
in close company with that world, striving to harmonize 
the things and thoughts of their own making with its 
non-human forces. Circadian and seasonal rhythms were 
the first clock people knew, and it was by co-ordinating 
these fluid organic cycles with their own physiological 
tempos that they timed their activities. What they ate, 
they had killed or cultivated with their own hands, 
staining them with the blood or dirt of their effort. They 
learned from the flora and fauna of their surroundings, 
conversed with them, worshiped them, and sacrificed 
to them. They were convinced that their fate was bound 
up intimately with these non-human friends and foes, 
and in their culture they made place for them, honoring 
their ways.'' 

What is striking in this evocation of a pagan i<lyl is 
the complete neglect of the diseases which wasted most 
"'natural" men, the high infant mortality, the painful, 
frequent childbirths which debilitated the women, and 
the recurrent shortages of focxi and the inadequacies of 
shelter which made life nasty, brutish, and short. 

3. Jacques Ellul, The Tec/1110/ogical Society (Knopf, New 
York, 1964), Chapter II, passim. What is striking in 
this unsparing attack on technique is Ellul's omission 
of any discussion of nature, or how man must live 
without technique. (The word nature does not appear in 
the index, and there are only a few passing references 
to the natural world, e.g., p. 79.) As Ellul'.s translator, 
John Wilkinson, writes in the Introduction: "In view of 
the fact that Ellul continually apostrophizes technique 
as 'unnatural' (except when he calls it the 'new nature'), 
it might be thought surprising that he has no fixed con­
ception of nature or the natural. The best answer seems 
to be that he considers 'natural' (in the good sense) any 
environment able to satisfy man's material needs, 1j' it 
leaves him free to use it as means to achieve his individ­
ual internally generated ends." Ibid., p. xix. 

4. Ibid., p. 97. 
5. The distinction is made in the report of the National 

Academy of Sciences, Technolol{y: Processes of Assess­
ment and Choice, published by the Committee on Sci­
ence and Astronautics, U.S. House of Representatives, 
July 1969. See p. 16. 

6. The traditioi�al story is told that an impatient man once 
asked Rabbi Hillel to tell him all there was in Judaism 
while standing on one foot. The Rabbi pondered, and 
replied: .. Do not do unto others as you would not have 
them do unto you. All the rest is exegesis." 
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POLITICAL-ECONOMIC 

From "The Problem" 

H ENRY GEORGE 

■ Henry George ( 1 839- 1 897) IV/IS bom i11 Philade lphia .  lie , va.l" a wel/-k11oiv11 A 111erican 1vriter, ecmwmist , a11d
phi losopher. /11 De1V ey' s  ivords, "It would require less than the fingers of the t1vo hands to en11111emte those 1vho, ji-0111 
Plato down , rank with Hen ry George a111011g rhe world's  socia l philosoph ers . "  Nevertheles.,· , he is 1101 prese111ly ac­
knowledged as .rn ch among philo.wpher.l" .  llis 111ai11 goal as a jo11malisr ,  wrirer , and philosopher 1 va .1· ro criticize a11d
expose so111e of the major inequiti es of h is day . His 11uijor ivork is Progress and Poverty ( 1879) , Jiw11 which th is selec­
r ion is wken . 

Hen r y Geo r ge is disappointed wilh technologic:ll l progress. Spellki11g ofrhe introduction <�(mach inery ro j£1ctories , 
he says "it 1vl/s nl/Tllml to expec1 . . .  tlwr labor- sm·ing i11 ventim1.v ivould lighren 1he toil and i111prove the condilion of 

rhe laborer , "  IJ111 1his expecwtion , along 1vi1h lllllllY 01hers ,  was dashed, Instead " we find the de epest po verry, 1he 
shar pes l . 1·1rugg le ji,r ex islence ,  mu/ 1he 1110.1· 1 of enjr1rced idleness . ' '  Tech11ologirnl progress , instead ofa lleviari11g /111-

11 11/ / l  mi.l'ery , has cm11ri ln11ed 10 it . "/1111 . 1· he ji11d1 h im .l'e/jjorced 10 con clude 1hat " .\'O cia l  difjicultie.1· exi.l'ling ivherever
a ce rlllill s rage of progress has been rea ch ed, do 1101 ari se ji'o111 local cirrn111.1w11ce s ,  but are, in some way or another, 
e11ge11 t!,• red by progress i1se/f. " I,, !his sw1e111e111 Hen ry George is i11 di.mgreeme/11 wi1h Daniel Bell, among olhers 
(see pr eceding selec1ion in Parr Two) .  fie seems to be accepl ing a form of 1echnological de1 er111in i.1· 111 . 

The p resent cen tu r y has  been marked by a 
p rod ig ious  i n crease i n  wea l th -produc i ng  power.  
The u t i l iza t ion o f  steam and e l ectric i t y , the i n ­
troduc t ion of imp roved processes and l abor­
sav i ng mach i ner y ,  t he  greater subdi v is i on  and 
g rande r sca l e  of  p roduct i o n ,  the wonderfu l fa­
c i l i tation of exchanges , have mu l t i p l i ed enor­
mous l y  the e ffect i veness of l abor .  

A t  t h e  beg i n n i ng o f  th i s  marve lous  era i t  was 
n a tu ral to ex pec t ,  and  i t  was e xpec ted , t hat l a ­
bor- sav i ng i n ven ti ons wou l d  l igh te n  the to i l  and 
imp rove th e co nd i t i on of the  l abo rer; th a t  th e 
eno r mou s i n c rease i n  the power of produc i ng  
weal th wou l d  m a ke real pov e rty a th i ng of the 
past . Cou ld a man of the l as t  centu ry - a  Fra n k ­
l i n  or a Pri es t ley - h a ve seen , i n  a v i s ion of th e 
fu tu re , the s teamsh i p  tak i n g  th e p l ace of the 
sa i l i ng vessel , th e ra i l road trai n of the wagon , 
th e rea p i ng mach i ne of the scy th e ,  the th resh i ng 
mach i ne of the fl a i l ;  cou ld he have heard the 
th rob o f  the eng i n es th a t  i n  obed ience to h u m an 
wi l l , and for the sat i s fac tion of h u man des i re ,  
exe rt a po wer greater tha n tha t o f  al l the men 
and al l the beas ts of bu rden of the ea rth co m ­
bined ; cou ld he have seen the forest tree tra ns­
formed in to fi n i shed lu mber- i n to doors , sash ­
es , bl inds , box es or barre ls , w ith hardly the 
touch of a h u ma n  hand ; the great workshops 
whe re boots and shoes arc turned ou t by the 
case with less labor than the old- fash ioned cob­
b ler cou ld have pu t on a sole; the factor ies 

D From P roive. ,·s And Po verry (New York: The Mode rn 
Lib ra ry, 1938), pp. 3 -8 . 

where , u nder the  eye of a g i rl ,  cotton  becomes 
c loth fas ter than hundreds of s ta lwart weavers 
cou ld have turned i t  out  w i th t he i r  hand looms ;  
cou ld he have seen s team hammers shap i ng 
mammoth sha fts and m ighty anchors , and  del i ­
cate mach i n ery mak i ng t i n y  watches ;  the d ia­
mond dri l l  cu t t i ng  th rough the heart of t he  
rocks , and coa l o i l  spa ring  the wha le ;  cou l d  he 
have rea l i zed the enormous sav i n g  of l abor re­
s u l t i ng - from improved fac i l i t i e s  of exchange 
and commun i ca t i on - sheep k i l l ed i n  Austra l i a  
eate n fresh i n  Eng l and , and t h e  order g i ven b y  
th e London ba n ker i n  th e afternoon executed i n  
S an Franc i sco i n  t he  morn i n g  of the same day ; 
cou ld he have concei ved of the h u nd red t hou ­
sand i mprovements wh ich these on l y  s uggest , 
wh a t  wou l d  he h ave i n ferred as to t he  soc i a l  
cond i t i o n  of man k i n d ?  

I t  wou ld not h a ve seemed l i ke an i n fe rence; 
fu rther than the v i s ion wen t i t  wou ld have 
seem ed a s  thou gh he sa w ;  and h i s  heart wou l d  
have leaped and h i s  nerv es wou ld have th ri l led , 
as one who from a height beholds j u st ah ead of 
the th irst- stricken caravan the l i vi n g  gl eam of 
nist l ing woods and the gl in t of laugh i n g  waters . 
Pla in ly ,  i n  the s i ght of the imagination , he 
wou ld have beheld these new forces elevati ng 
society from i ts very fou ndations , l iftin g the 
very poorest above the possibi l ity of wan t, ex­
empt ing the very lowest from anx iety for the 
material needs of life; he wou ld have seen these 
s laves of the lamp of know ledge takin g on 
themselves the trad it ional cu rse , these muscles 
of iron and s inews of steel making the poorest 
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laborer's life a holiday, in which every high 
quality and noble impulse could have scope to 
grow. 

And out of these bounteous material condi­
tions he would have seen arising, as necessary 
sequences, moral conditions realizing the gold­
en age of which mankind have always dreamed. 
Youth no longer stunted and starved; age no 
longer harried by avarice; the child at play with 
the tiger; the man with the muck-rake drinking 
in the glory of the stars. Foul things fled, fierce 
things tame; discord turned to harmony! For 
how could there be greed where all had enough? 
How could the vice, the crime, the ignorance, 
the brutality, that spring from poverty and the 
fear of poverty, exist where poverty had van­
ished? Who should crouch where all were free­
men; who oppress where all were peers? 

More or less vague or clear, these have been 
the hopes, these the dreams born of the im­
provements which give this wonderful century 
its pree·minence. They have sunk so deeply into 
the popular mind as radically to change the cur­
rents of thought, to recast creeds and displace 
the most fundamental conceptions. The haunt­
ing visions of higher possibilities have not 
merely gathered splendor and vividness, but 
their direction has changed-instead of seeing 
behind the faint tinges of an expiring sunset, 
all the glory of the daybreak has decked the 
skies before. 

It is tme that disappointment has followed 
disappointment, and that discovery upon dis­
covery, and invention after invention, have 
neither lessened the toil of those who most need 
respite, nor brought plenty to the poor. But 
there have been so many things to which it 
seemed this failure could be laid, that up to our 
time the new faith has hardly weakened. We 
have better appreciated the difficulties to be 
overcome; but not the less tmsted that the ten­
dency of the times was to overcome them. 

Now, however, we are coming into collision 
with facts which there can be no mistaking. 
From all parts of the civilized world come com­
plaints of industrial depression; of labor con­
demned to involuntary idleness; of capital 
massed and wasting; of pecuniary distress 
among business men; of want and suffering and 
anxiety among the working classes. All the 
dull, deadening pain, all the keen, maddening 
anguish, that to great masses of men are in­
volved in the words "hard times," afflict the 
world to-day. This state of things, common to 
communities differing so widely in situation, 

in political institutions, in fiscal and financial 
systems, in density of population and in social 
organization, can hardly be accounted for by lo­
cal causes. There is distress where large stand­
ing armies are maintained, but there is also dis­
tress where the standing armies arc nominal; 
there is distress where protective tariffs stupidly 
and wastefully hamper trade, but there is also 
distress where trade is nearly free; there is dis­
tress where autocratic government yet prevails, 
but there is also distress where political power 
is wholly in the hands of the people; in coun­
tries where paper is money, and in countries 
where gold and silver are the only currency. 
Evidently, beneath all such things as these, we 
must infer a common cause. 

That there is a common cause, and that it is 
either what we call material progress or some­
thing closely connected with material progress, 
becomes more than an inference when it is not­
ed that the phenomena we class together and 
speak of as industrial depression are but inten­
sifications of phenomena which always accom­
pany material progress, and which show them­
selves more clearly and strongly as material 
progress goes on. Where the conditions to 
which material progress everywhere tends are 
most fully realized-that is to say, where pop­
ulation is densest, wealth greatest, and the 
machinery of production and exchange most 
highly developed-we find the deepest poverty, 
the sharpest struggle for existence, and the most 
of enforced idleness. 

It is to the newer countries-that is, to the 
countries where material progress is yet in its 
earlier stages-that laborers emigrate in search 
of higher wages, and capital flows in search of 
higher interest. It is in the older countries-that 
is to say, the countries where material progress 
has reached later stages-that widespread desti­
tution is found in the midst of the greatest abun­
dance. Go into one of the new communities 
where Anglo-Saxon vigor is just beginning the 
race of progress; where the machinery of pro­
duction and exchange is yet rude and ineffi­
cient; where the increment of wealth is not yet 
great enough to enable any class to I ive in ease 
and luxury; where the best house is but a cabin 
of logs or a cloth and paper shanty, and the 
richest man is forced to daily work-:-and 
though you will find an absence of wealth and 
all its concomitants·, you will find no beggars. 
There is no luxury, but there is no destitution. 
No one makes an easy living, nor a very good 
living; but every one can make a living, and no 
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one able and willing to work is oppressed by the 
fear of want. 

But just as such a community realizes the 
conditions which all civilized communities are 
striving for, and advances in the scale of ma­
terial progress-just as closer settlement and a 
more intimate connection with the rest of the 
world, and greater utilization of labor-saving 
machinery, make possible greater economics in 
production and exchange, and wealth in conse­
quence increases, not merely in the aggregate, 
but in proportion to population-so does pov­
erty take a darker aspect. Some get an infinitely 
better and easier living, but others find it hard 
to get a living at all. The "'tramp" comes with 
the locomotive, and almshouses and prisons are 
as surely the marks of "material progress'' as 
are costly dwellings, rich warehouses, and 
magnificent churches. Upon streets lighted 
with gas and patrolled by uniformed policemen, 
beggars wait for the passer-by, and in the shad­
ow of college, and library, and museum, are 
gathering the more hideous Huns and fiercer 
Vandals of whom Macaulay prophesied. 

This fact-the great fact that poverty and all 
its concomitants show themselves in communi­
ties just as they develop into the conditions to­
ward which material progress tends-proves 
that the social difficulties existing wherever a 

certain stage of progress has been reached, do 
not arise from local circumstances, but are, in 
some way or another, engendered by progress 
itself. 

And, unpleasant as it may be to admit it, it is 
at last becoming evident that the enormous in­
crease in productive power which has marked 
the present century and is still going on with ac­
celerating ratio, has no tendency to extirpate 
poverty or to lighten the burdens of those com­
pelled to toil. It simply widens the gulf between 
Dives and Lazarus, and makes the struggle for 
existence more intense. The march of invention 
has clothed mankind with powers of which a 
century ago the boldest imagination could not 
have dreamed. But in factories where labor-sav­
ing machinery has reached its most wonderful 
development, little children are at work; 
wherever the new forces are anything like fully 
utilized, large classes are maintained by charity 
or live on the verge of recourse to it; amid the 
greatest accumulations of wealth, men die of 
starvation, and puny infants suckle dry breasts; 
while everywhere the greed of gain, the wor­
ship of wealth, shows the force of the fear of 
want. The promised land flies before us like the 
mirage. The fruits of the tree of knowledge tum 
as we grasp them to apples of Sodom that crum­
ble at the touch. 
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POLITICAL-ECONOMIC 

From "Technology, Planning and Organization" 
JOHN KENNETH GALBRAITH 

■ John Kenneth Galbraith \VII.I' hom in Ont11rio, Canada, in 1908. He ,vus educated i11 Ca1111d11, the U11ited States, 1111d 

!.:,'11gland. He wught 111 ffarmrd, and i11 1959 hemme the Paul M. Warburg Pro},'ssor of Economics there. lie retired 

in 1975. Galbraith is the recipielll (,j'many a11•11rd.1· and ho11or.1·, a11d has 1Vrirte11 several books. Among his l,ooks are 
The New Industrial State ( 1967) and The Age of Uncertainty ( 1977). 

/11 the essay repri11ted i11 part here, Galbraith traces rece11t shifis <>/'power in Western societies. During feudal 

times, Galbraith argues, land was the source o(pmver, jr1r 11gricul111ral production then accounted Ji1r a large sh11re 

of a/1 production, 1111d "power to engage i11 auricultural production rested with land mvnership." Furthermore, "to 

get more land wa.,· difjicult, and lost land ,va.;-, as likely as 1101, irreplaceable." 

!Jut with the Industrial Revolutio11 and the di.,·cm·ery <>/' ''a 111u11ijice111 supply'' ol la11d i11 the last century, l1111d 

1w1s dethro11ed by capital. ''The 111a11 who owned or supplied the capital 110w had the strmegically i111port11nt ji1ctor of 

production. Authority over the ente1prise, 11s II re.rnlr, 1101v pa.ued to him." 

G11lhraith cl11ims that a third shiji ofpower is wking place in modern society. ''Modern ec:0110111ic society cm1 only 

he understood as 1111 ej}<1rt, 110111h/y succes.'.fi,I, to sy11thesize, by oria11izatio11, a personality f11r superiorjr1r its pur­

poses to II nmural person 11nd with the 11dded 111h•1111wge of im111ort11liry.'' A.,· 11 result of this new state o
f 

11jfi1ir.\", 
power has shijied fro111 capit11I to 111<11wie111e11t, .1·ine<: the l111ter is now in greater demand than the .f<1r111er. 

In the last three decades, evidence has been 
accumulating of a shift of power from owners 
to managers within the modern large corpora­
tion. The power of the stockholders has seemed 
increasingly tenuous. A few stockholders as­
semble in an annual meeting, and a much larger 
number return proxies, ratifying the decisions 
of the management including its choices for the 
Board of Directors to speak for stockholders. 
So long, at least, as it makes profits-in 1964 
none of the largest I 00 industrial corporations 
and only seven of the largest 500 lost money­
the position of a management is impregnable. 
The stockholders are literally powerless. To 
most economists, as to most lawyers, this 
whole tendency has seemed of questionable le­
gitimacy. Some, in accordance with the estab­
lished reaction to seemingly inconvenient truth, 
have sought to maintain the myth of stockholder 
power. Others, including all Marxians, have 
argued that the change is superficial, that capital 
retains a deeper and more functional control. 
Some have conceded the change but have de­
ferred judgment as to its significance. 1 Yet 
others have seen a possibly dangerous usurpa­
tion of the legitimate power of capital. 2 No one 
(of whom I am aware) has questioned the cre­
dentials of capital, where power is concerned, 
or suggested that it might be durably in eclipse. 
If there is power, it was meant to have it. 

O From Values and the F111ure, ed. Kurt Baier and Nich­
olas Rcscher (New York: The Free Press, 1969), pp. 355-
364. 

Yet, over a longer range of time, power over 
the productive enterprise-and by derivation in 
the society at large-has shifted radically as 
between factors of production. The eminence of 
capital is a relatively recent matter; until about 
two centuries ago no qualified observer would 
have doubted that the decisive factor of produc­
tion was land. The wealth, military power and 
the sanguinary authority over life and liberty of 
others that went with land ownership assured its 
possessor of a position of eminence in his com­
munity and of power in the state. These perqui­
sites of land ownership also gave a strong and 
even controlling direction to history. For the 
great span of 250 years, until about a hundred 
years before the discovery of America, it helped 
inspire the recurrent military campaigns to the 
East which are called the Crusades. Succor for 
Byzantium, which was beset by the infidels and 
redemption of Jerusalem, which had been lost 
to them, served, without doubt, as a stimulant 
to religious ardor. But the younger sons of the 
Frankish nobility badly needed land. Beneath 
the mantled cross beat hearts soundly attuned to 
the value of real estate. Baldwin, younger 
brother of Godfrey of Bouillon, found himself 
faced on the way to the Holy City with the tax­
ing decision as to whether to continue with the 
redeeming armies or take up an attractive piece 
of property at Edessa. He unhesitatingly opted 
for the latter and, only on the death of his 
brother, did he leave his fief to become the first 
King of Jemsalem. 
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For four centuries following the discovery of 
America, appreciation of the strategic role of 
land gave it an even greater role in history. The 
Americas were populated-as also the Steppes 
and the habitable parts of the Antipodes. Once 
again religion went hand in hand with real prop­
erty conveyancing, somewhat disguising the 
role of the latter. Spaniards considered them­
selves commissioned by God to win the souls 
of Indians; Puritans believed themselves pri­
marily under obligation to look after their own. 
For Catholics and Cavaliers the Lord was be­
lieved to favor rather large acreages with the 
opportunity these accorded for custody of (and 
useful labor by) the aborigines and, as these 
gave out, of Africans. For Puritans, and Prot­
estants generally, merit lay with the homestead 
and family farm. But these were details. In the 
New World, as in the Old, it was assumed that 
power and responsibility belonged, as right, to 
men who owned land. Democracy, in its mod� 
em meaning, began as a system which gave the 
suffrage to each and every person who owned 
land-and to no others. 

The economic foundations of this eminence 
of land, and the incentive to its acquisition, were 
exceedingly firm. Until comparatively modern 
times, agricultural production-the provision of 
food and fiber-accounted for a large share of 
all production as it still accounts for 70-80 per­
cent of output in countries such as India today. 
Subject to such rights as law and custom ac­
corded to subordinate tenure, power to engage 
in agricultural production rested with land 
ownership. This, pro tanto, was power over a 
very large share of all economic activity. 

The other factors of production were not of 
decisive importance. Agricultural technology 
was stable and made small use of mechanical 
power or other capital equipment. Thus a sparse 
supply of capital was matched, an important but 
sometimes neglected point, until a couple of 
hundred years ago by an equally meager oppor­
tunity for its use. If implements, work, stock or 
seed were lost this was not decisive; the modest 
requirements could be replaced. 

The same was true of labor. Its historical ten­
dency had been to keep itself in a condition of 
comparative abundance. David Ricardo, having 
regard for experience to that time, could hold in 
1817 that ''no point is better established than 
that the supply of labourers will always ulti­
mately be in proportion to the means of support­
ing them.' 

,
:i This was to say that all that might 

be required would be forthcoming at, or about, 
the subsistence wage. The labor supply could 
be easily increased or replaced. But to get more 
land was difficult, and lost land was, as likely 
as not, irreplaceable. So land was strategic and 
not even the philosophers whose ideas ushered 
in the Industrial Revolution-Smith, and es­
pecially Ricardo and Malthus-could envisage 
a society where this was otherwise. 

Then in the last century, in what we all agree 
to call the advanced countries, land was de­
throned. The search for land, set in motion by 
its strategic role, uncovered a munificent sup­
ply. The Americas, Russia, South Africa and 
Australia were all discovered to have a large, 
unused and usable supply. 

Meanwhile, mechanical inventions and the 
growth of metallurgical and engineering knowl­
edge were prodigiously expanding opportuni­
ties for the employment of capital. From this 
greater use of capital came greater production 
and from that production came greater income 
and savings. It is not clear that in the last cen­
tury the demand for capital grew more rapidly 
than the supply. In the new countries, including 
the United States, capital was genera1ly scarce 
and the cost was high. In England, however, 
over most of the century, interest rates were 
low. But a diminishing proportion of the ex­
panding production was of agricultural products 
and hence dependent on land. Iron and steel, 
ships, locomotives, texti]e machinery, build­
ings and bridges increasingly dominated the na­
tional product. For producing these, command 
of capital, not land, was what counted. Labor 
continued to be abundant in most places. Ac­
cordingly, the man who owned or supplied the 
capital now had the strategically important fac­
tor of production. Authority over the enterprise, 
as a result, now passed to him. 

So did prestige in the community and politi­
cal power. At the beginning of the nineteenth 
century the British Parliament was still domi­
nated by the landed great; by the end of the cen­
tury its premier figure was the Birmingham in­
dustrialist and pioneer screw manufacturer 
Joseph Chamberlain. At the beginning of the 
century, the United States government was 
dominated by the Virginia gentlemen; by the 
end of the century it was profoundly influenced 
by-depending on one's point of view-the 
men of enterprise or the malefactors of great 
wca] th. The Senate was called a rich man's 
club. 
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This change, a point of much importance for 
what I am about to say, did not seem natural. 
George Washington, Thomas Jefferson, and 
James Madison seemed appropriate to the posi­
tions of public power. Public influence exer­
cised by Jay Gould, Collis P. Huntington, J. P. 
Morgan, Elbet1 H. Gary, and Andrew Mellon 
seemed more suspect. The landowners were 
credited with capacity for action apart from 
their own interests and action in their own in­
terest-the defense, for example, of slavery­
seemed somehow legitimate. The capitalists 
were not credited with action apart from interest 
and their interest seerned less legitimate. This 
contrasting impression has not yet been exor­
cised from public attitudes or the elementary 
history books. We may lay it down as a rule 
that the older the exercise of any power the 
more benign it will appear and the more recent 
its assumption the more dangerous it will seem. 

While capital in the last century was not 
scarce, at least in the great industrial centers, 
it was not in surplus. But in the present day 
economy, capital is, under most circumstances, 
abundant. The central task of modern economic 
policy, as it is most commonly defined, is 
to insure that all intended savings, at a high 
level of output, are offset by investment. This 
is what we have come to call Keynesian eco­
nomic policy. Failure to invest all savings 
means unemployment-an excess of labor. So 
capital and labor have a conjoined tendency to 
abundance. 

Back of this tendency of savings to surplus is 
a society which, increasingly, emphasizes not 
the need for frugality but the need for consump­
tion. Saving, so far from being painful, reflects 
a failure in efforts by industry and the state to 
promote adequate consumption. Saving is also 
the product of a strategy by which the industrial 
enterprise seeks to insure full control of its 
sources of capital supply and thus to make its 
use a matter of internal decision. It is an effort 
which enjoys great success. Nearly three­
quarters of capital investment last year was de­
rived from the internal savings of corporations. 

Capital, like land before it, owed its power 
over the enterprise to the difficulty of replace­
ment or addition at the margin. What happens 
to that power when supply is not only abundant 
but excessive, when it is a central aim of social 
policy to offset savings and promote consump­
tion and when it is a basic and successful pur­
pose of business enterprises to exercise the con-

trol over the supply of capital that was once the 
foundation of its authority? 

The plausible answer is that it will lose its 
power to a more strategic factor-one with 
greater bargaining power at the margin -if 
there is one. And there is. 

Power has passed to what anyone in search 
of novelty might be forgiven for characterizing 
as a new factor of production. This is the struc­
ture of organization which combines and in­
cludes the technical knowledge, talent and ex­
perience that modem industrial technology and 
planning require. This structure is the creature 
of the modern industrial system and of its tech­
nology and planning. It embraces engineers, 
scientists, sales and advertising specialists, 
other technical and specialized talent-as well 
as the conventional leadership of the industrial 
enterprise. It is on the effectiveness of this 
structure, as indeed most business doctrine now 
implicity agrees, that the success of the busi­
ness enterprise now depends. It can be created 
or enlarged only with difficulty. ln keeping with 
past experience, the problem of supply at the 
margin accords it power. 

The new recipients of power, it will be clear, 
are not individuals; the new locus of power is 
collegial or corporate. This fact encounters al­
most instinctive resistance. The individual has 
far more standing in our formal culture than the 
group. An individual has a presumption of ac­
complishment; a committee has a presumption 
of inaction. Individuals have souls; corpora­
tions are notably soulless. The cntreprcneur­
individualistic, restless, equipped with vision, 
guile, and courage-has been the economists' 
only hero. The great business organization 
arouses no similar affection. Admission to the 
economists' hc,1ven is individually and by 
families; it is not clear that the top management 
even of an enterprise with an excellent corpo­
rate image can yet enter as a group. To be re­
quired, in pursuit of truth, to assert the superior­
ity of the group over the individual for impor­
tant social tasks is a taxing prospect. 

Yet it is a necessary task. Modern economic 
society can only be understood as an effort, no­
tably successful, to synthesize, by organization, 
a personality far superior for its purposes to a 
natural person and with the added advantage of 
immortality. 

The need for such synthetic personality be­
ginsjirst with the fact that in modern industry a 
large number of decisions, and all that are irn-
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portant, require information possessed by more 
than one man. All important decisions draw on 
the specialized scientific and technical knowl­
edge; on the accumulated information or expe­
rience; and on the artistic or intuitive reaction of 
several or many persons. The final decision 
will be informed only as it draws on a11 whose 
in formation is relevant. And there is the fut1her 
important requirement that this information 
must be properly weighed to assess its rele­
vance and its reliability. There must be, in oth­
er words, a mechanism for drawing on the in­
formation of numerous individuals and for 
measuring the importance and testing the re­
liability of what each has to offer. 

The need to draw on the information of nu­
merous individuals derives first from the tech­

nological requirements of modern industry. 
These are not always inordinately sophisticated; 
a man of moderate genius could, quite con­
ceivably, provide himself wilh the knowledge 
of the various branches of metallurgy and 
chemistry, and of engineering, procurement, 
production management, quality control, labor 
relations, styling and merchandising which are 
involved in the development of a modern auto­
mobile. But even moderate genius is in unpre­
dictable supply; and to keep abreast of all the 
relevant branches of science, engineering, and 
art would be time consuming. The answer, 
which allows of the use of far more common 
talent and with greater predictability of result, 
is to have men who are appropriately qualified 
or experienced in each limited area of special­
ized knowledge or art. Their information is then 
cornbined for the design and production of the 
vehicle. It is the common public impression, 
greatly encouraged by scientists, engineers and 
industrialists, that modern scientific, engineer­
ing and industrial achievements are the work of 
a new and quite remarkable race of men. This is 
pure vanity. The real accomplishment is in tak­
ing ordinary men, informing them narrowly but 
deeply and then devising an organization which 
combines their knowledge with that of other 
similarly specialized but equally ordinary men 
for a highly predictable performance. 

The second factor requiring the combination 
of specialized talent derives from large-scale 
employment of capital in combination with so­
phisticated technology. This makes impera­
tive planning and accompanying control of en­
vironment. The market is, in remarkable de­
gree, an intellectually undemanding institution. 

The Wisconsin farmer need not anticipate his 
requirements for fertilizers, pesticides or even 
machine parts; the market stocks and supplies 
them. The cost is the same for the farmer of in­
telligence and the neighbor who under medical 
examination shows daylight in either ear. There 
need be no sales strategy; the market takes all 
his milk at the ruling price. Much of the ap­
peal of the market, to economists at least, has 
been the way it seems to simplify life. 

The extensive use of capital, with advanced 
technology, greatly reduced the power of the 
market. Planning, with attendent complexity 
of task, takes its place. Thus the manufacturer 
of missiles, space vehicJes or modern aircraft 
must foresee and insure his requirements for 
specialized plant, specialized talent, arcane ma­
terials and intricate components. These the 
market cannot be counted upon to supply. And 
there is no open market where these products 
can be sold. Everything depends on the care 
with which contracts are sought and nurtured, 
in Washington. The same complexities hold in 
only lesser degree for the maker of automo­
biles, processed foods and detergents. This 
firm too must foresee requirements and manage 
the markets for its products. All such planning 
is dealt with only by highly-qualified men­
men who can foresee need and insure the sup­
ply of production requirements, relate costs to 
an appropriate price strategy, see that customers 
are suitably persuaded to buy what is made 
available and, at yet higher levels of technology 
and complexity, see that the state is persuaded. 

Technology and planning thus require the 
extensive combination and testing of informa­
tion. Much of this is accomplished, in practice, 
by men talking with each other-by meeting 
in committee. One can do worse than think of 
a business organization as a complex of com­
mittees. Management consists in recrniting and 
assigning ta)ent to the right committee, in in­
tervening on occasion to force a decision, 
and in either announcing the decision or car­
rying it, as a _datum, for a yet larger decision 
by the next committee. 

It must not be supposed that this is an inef­
ficient device. A committee allows men to pool 
information under circumstances that allow also 
of immediate probing and discussion to assess 
the relevance and reliability of the informa­
tion offered. Loose or foolish talk, or simple 
uncertainty, is revealed as in no other way. 
There is also no doubt considerable stimulus 
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to mental effort; men who believe themselves 
deep]y engaged in private thought are usually 

-· doing nothing at all. Committees are com­
demned by those who arc caught by the cliclu!

that individual effort is somehow superior to
group effort; by those whose suspicions are
aroused by the fact that for many people group
effort is more congenial and pleasant; by those
who do not see that the process of extracting,
and especially of testing, information has nec­
essarily a somewhat undirected quality­
briskly conducted meetings invariably decide
matters that were decided beforehand else­
where; and by those who fail to see that highly­
paid men, when sitting around a table as a com­
mittee, are not necessarily wasting more time,
in the aggregate, than each would waste all
by himself. Forthright men frequently react
to belief in their own superior capacity for de­
cision by abolishing all committees. They then
constitute working parties, task forces, opera­
tions centers or executive groups in order to
avoid the truly disastrous consequences of
deciding matters themselves.

This group decision-making extends deeply 
into the enterprise; it goes far beyond the group 
commonly designated as the management. 
Power, in fact, is not closely related to posi­
tion in the hierarchy of the enterprise. We al­
ways carry in our minds an implicit organiza­
tion chart of the business enterprise. At the 
top is the Board of Directors and the Board 
Chairman; next comes the President; next 
comes the Executive Vice-President; thereafter 
comes the Department or Divisional Heads­
those who preside over the Chevrolet division, 
large generators, the computer division. Power 
is presumed to pass down from the pinnacle. 

This happens only in organizations with a 
routine task, such, for example, as the peace­
time drill of a platoon. Otherwise the power 
lies with the individuals who possess the knowl­
edge. If their knowledge is particular and stra­
tegic their power becomes very great. Enrico 
Fermi rode a bicycle to work at Los Alamos. 
Leslie Groves commanded the whole Man­
hattan Project. It was Fermi and his colleagues, 
and not General Groves in his grandeur, who 
made the decisions of importance. 

But it should not be imagined that group 
decision making is confined to nuclear tech­
nology and space mechanics. In our day even 
simple products are made or packaged or mar-

keted by highly sophisticated methods. For 
these too power passes into organization. For 
purposes of pedagogy, I have sometimes illus­
trated these matters by reference to a techni­
cally uncomplicated product, which, unac­
countably, neither General Electric nor West­
inghouse has yet placed on the market. It is a 
toaster of standard performance except that it 
etches on the surface of the toast, in darker 
carbon, one of a selection of standard messages 
or designs. For the elegant hostess, monograms 
would be available, or even a coat of arms; for 
the devout, there would be at breakfast an ap­
propriate devotional message from the works 
of Norman Vincent Peale; the patriotic, or wor­
ried, would have an aphorism urging vigilance 
from Mr. J. Edgar Hoover; for modern econ­
omists, there would be mathematical design; 
a restaurant version could sell advertising, or 
urge the peaceful acceptance of the integration 
of public eating places. 

Conceivably this vision could come from the 
President of General Electric. But the orderly 
proliferation of such ideas is the established 
function of much more lowly men who are 
charged, specifically, with new product de­
velopment. At an early stage in the develop­
ment of the toaster, specialists in style, design 
and, no doubt, philosophy, art and spelling 
would have to be accorded a responsible role. 
No one in a position to authorize the prod­
uct would do so without a judgment on how 
the problems of design and inscription were 
to be solved and the cost. An advance finding 
would be over-ridden only with caution. All 
action would be contingent on the work of 
specialists in market testing and analysis who 
would determine whether and by what means 
the toaster could be sold and at what cost for 
various quantities. They would function as 
part of a team which would also include mer­
chandising, advertising and dealer relations 
men. No adverse decision by this group would 
be over-rnled. Nor, given the notoriety that 
attaches to missed opportunity, would a fa­
vorable decision. It will be evident that near­
ly all power-initiative, development, rejec­
tion or approval-is exercised deep down in 
the company. 

So two great trends have converged. In con­
sequence of advanced technology, highly cap­
italized production and a capacity through 
planning to command earnings for the use 
of the firm, capital has become comparatively 
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abundant. And the imperatives of advanced 
technology and planning have moved the power 
of decision from the individual to the group 
and have moved it deeply into the firm. 
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3. David Ricardo, "On the Principles of Political 
Economy and Taxation,'' The Works and Corre.,·po11-
de11ce of David Ricardo, ed. by Piero Sraffa (Cam­
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From "America in the Technetronic Age: New Questions 
of Our Time" 
ZBIGNIEW BRZEZINSKI 

■ Zbignicw Brzezinski Mts born i11 Wllr.1wv, Polllnd, in 1928. lie rnme w the United Swte.� in 1953, and was nat­
uralized in 1958. He taught at flarvllrd University, and i11 1962 bernme the director of the Research lmtitllle for 
lnternatio11al Chllnge at Columbia U11ivasity. /fr 1vl/_1· a!.l'o a jttculry member of the R11.uian Institute there. 1n 1973 
he became the director of the i11J/11ential Trilmerilll Commission, and in 1977 he bernme assista/11 to the President 
for nwionlll .l'ec11rity aj]itirs. JJrzezinski has received many honors. Among his books are Between two Ages ( 1970) 
llnd Political Power: USA/USSR ( 196fi). 

1n "America in the Technetm11ic Age" JJrzezimki argues that "ive are entering a novel metamorphic phase 
in humlln hi.1·tory. The ivor/d is 011 the eve of a tra11.1formatio11 more dramatic in its historiclll and human conse­
que11ce.1· than that wrm1ght either by the French or the JJolshevik revol111ions." Underlying this tra11.1jiJrmation a!'l' 
ne,v developments in technology, particularly in the areas o

f

comp11ter.1· (///l/ cm111111111icatio11.1·. These develop111e111.1· are 
shapi11g-c11/t11mlly, socially, and economically-a 11e,v sociNy ,vhich Brzezinski calls the "tec/111etro11ic soci­
ety." This society is .1·11bstamially differe/1/ Ji·om the im/11.vtrial society, and Brzezi11.1-ki di.H·u.ues severn/ of these 
differences. 

Significantly, the United Stmes is beginning to enter this new phase o
f human history while co1111tries in Europe 

remain c11111:ht in the industrial phase and ,vhile Third World co1111tries remain even jt1rther behind. This swte of 
aj]i1irs, IJrzezinski argues, is /'£'(/.\'OIi ji,r dl'l'p c1mca11. Ile .,·ee.,· the gap developing among these nations as a source 
of i11ternmio11al instability, and he suggests vario11.1· ways ji,r remedying the problem. 

Ours is no longer the conventional revolu­
tionary era; we are entering a novel meta­
morphic phase in human history. The world is 
on the eve of a transformation more dramatic 
in its historic and human consequences than 
that wrought either by the French or the Bol­
shevik revolutions. Viewed from a long per­
spective, these famous revolutions merely 
scratched the surface of the human condition. 
The changes they precipitated involved altera­
tions in the distribution of power and property 
within society; they did not affect the essence 
of individual and social existence. Life-per­
sonal and organised-continued much as be­
fore, even though some of its external forms 
(primarily political) were substantially altered. 
Shocking though it may sound to their aco-

D Encm111ter [London], Jan. 1968, pp. 16-19, 23-26. 

lytes, by the year 2000 it will be accepted 
that Robespierre and Lenin were mild re­
formers. 

Unlike the revolutions of the past, the de­
veloping metamorphosis will have no charis­
matic leaders with strident doctrines, but its 
impact will be far more profound. Most of 
the change that has so far taken place in human 
history has been gradual-with the great "rev­
olutions" being mere punctuation marks to a 
slow, eludible process. In contrast, the ap­
proaching transformation will come more rapid­
ly and will have deeper consequences for the 
way and even perhaps for the meaning of hu­
man life than anything experienced by the gen­
erations that preceded us. 

America is already beginning to experience 
these changes and in the course of so doing 
it is becoming a "technetronic" society: a so-
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ciety that is shaped culturally, psychologically, 
socially and · economically by the impact of 
technology and electronics, particularly com­
puters and communications. The industrial 
process no longer is the principal determinant 
of social change, altering the mores, the social 
structure, and the values of society. This 
change is separating the United States from 
the rest of the world, prompting a further frag­
mentation among an increasingly differentiated 
mankind, and imposing upon Americans a 
special obi igation to case the pains of the re­
sulting confrontation. 

THE TECHNETRONIC SOCIETY 

The far-reaching innovations we are about 
to experience will be the result primarily of 
the impact of science and technology on man 
and his society, especially in the developed 
world. Recent years have seen a prolifera­
tion of exciting and challenging literature on 
the future. Much of it is serious, and not mere 
science-fiction. 1 Moreover, both in the United
States and, to a lesser degree, in Western 
Europe a number of systematic, scholarly ef­
forts have been designed to project, predict, 
and possess what the future holds for us. Curi­
ously very little has been heard on this theme 
from the Communist World, even though Com­
munist doctrinarians are the first to claim their 
19th-century ideology holds a special pass-key 
to the 21st century. 

The work in progress indicates that men 
living in the developed world will undergo 
during the next several decades a mutation 
potentially as basic as that experienced through 
the slow process of evolution from animal to 
human experience. The difference, however, 
is that the process will be telescoped in time­
and hence the shock effect of the change may 
be quite profound. Human conduct will be­
come less spontaneous and less mysterious­
more predetermined and subject to deliberate 
"programming." Man will increasingly pos­
sess the capacity to determine the sex of his 
children, to affect through drugs the extent 
of their intelligence and to modify and con­
trol their personalities. The human brain will 
acquire expanded powers, with computers be­
coming as routine an extension of man's rea� 
soning as automobiles have been of man's 
mobility. The human body will be improved 
and its durability extended: some estimate 
that during the next century the average life­
span could reach approximately 120 years. 

These developments will have major social 
impact. The prolongation of life will alter our 
values, our career patterns, and our social 
relationships. New forms of social control may 
be needed to limit the indiscriminate exercise 
by individuals of their new powers. The pos­
sibility of extensive chemical mind-control, the 
danger of loss of individuality inherent in ex­
tensive transplantation, and the feasibility of 
manipulation of the genetic structure will call 
for a social definition of common criteria of 
restraint as well as of utilisation. Scientists 
predict with some confidence that by the end 
of this century, computers will reason as well 
as man, and will be able to engage in ''crea­
tive" thought� wedded to robots or to "labora­
tory beings," they could act like humans. The 
makings of a most complex-and perhaps bit­
ter-philosophical and political dialogue about 
the nature of man arc self-evident in these de­
velopments. 

Other discoveries and refinements will fur­
ther alter society as we now know it. The in­
formation revolution, including extensive in­
formation storage, instant retrieval, and even­
tually push-button visual and sound availability 
of needed data in almost any private home, 
will transform the character of institutional­
ised collective education. The same techniques 
could serve to impose well-nigh total political 
surveillance on every citizen, putting into much 
sharper relief than is the case today the ques­
tion of privacy. Cybernetics and automation 
will revolutionise working habits, with leisure 
becoming the practice and active work the ex­
ception-and a privilege reserved for the most 
talented. The achievement-oriented society 
might give way to the amusement-focused 
society, with essentially spectator spectacles 
(mass sports, TV) providing an opiate for in­
creasingly purposeless masses. 

But while for the masses life will grow longer 
and time will seem to expand, for the activist 
elite time will. become a rare commodity. In­
deed, even the elite's sense of time will alter. 
Already now speed dictates the pace of our 
lives-instead of the other way around. As 
the speed of transportation increases, largely 
by its own technological momentum, man dis­
covers that he has no choice but to avail him­
self of that acceleration, either to keep up with 
others or because he thinks he can thus ac­
complish more. This will be especially true 
of the elite, for whom an expansion in leisure 
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time does not seem to be in the cards. Thus 
as speed expands, time contracts-and the pres­
sures on the elite increase. 

By the end of this century the citizens of 
the more developed countries will live pre­
dominantly in cities-hence almost surrounded 
by man-made environment. Confronting nature 
could be to them what facing the elements was 
to our forefathers: meeting the unknown and 
not necessarily liking it. Enjoying a personal 
standard of living that (in some countries) may 
reach almost $10,000 per head, eating artificial 
food, speedily commuting from one corner 
of the country to work in another, in continual 
visual contact with their employer, govern­
ment, or family, consulting their annual cal­
endars to establish on which day it will rain 
or shine, our descendants will be shaped almost 
entirely by what they themselves create and 
control. 

But even short of these far-reaching changes, 
the transformation that is now taking place 
is already creating a society increasingly un­
like its industrial predecessor. 2 In the indus­
trial society, technical knowledge was applied 
primarily to one specific end: the acceleration 
and improvement of production techniques. 
Social consequences were a later by-product 
of this paramount concern. In the technetronic 
society, scientific and technological knowl­
edge, in addition to enhancing productive capa­
bilities, quickly spills over to affect directly al­
most all aspects of life. 

This is particularly evident in the case of 
the impact of communications and computers. 
Communications create an extraordinarily inter­
woven society, in continuous visual, audial, 
and increasingly close contact among almost 
all its members-electronically interacting, 
sharing instantly most intense social experi­
ences, prompting far greater personal involve­
ment, with their consciousnesses shaped in a 
sporadic manner fundamentally different (as Mc­
Luhan has noted) from the literate (or pamphle­
tecdng) mode of transmitting information, char­
acteristic of the industrial age. The growing 
capacity for calculating instantly most complex 
interactions and the increasing availability of 
bio-chemical means of human control increase 
the potential scope of self-conscious direction, 
and thereby also the pressures to direct, to 
choose, and to change. 

The consequence is a society that differs 
from the industrial one in a variety of eco­
nomic, political and social aspects. The fo1-

lowing examples may be briefly cited to sum­
marise some of the contrasts: 

1. In an industrial society, the mode of pro­
duction shifts from agriculture to industry, 
with the use of muscle and animals supplanted 
by machine-operation. In the technetronic so­
ciety, industrial employment yields to services, 
with automation and cybernetics replacing 
individual operation of machines. 

2. Prob1cms of employment and unemploy­
ment-not to speak of the earlier stage of the 
urban socialisation of the post-rural labour 
force-dominate the relationship between em­
ployers, labour, and the market in the indus­
trial society; assuring minimum welfare to the 
new industrial masses is a source of major 
concern. In the emerging new society, ques­
tions relating to skill-obsolescence, security, 
vacations, leisure, and profit-sharing dominate 
the relationship; the matter of psychic well­
being of millions of relatively secure but po­
tentially aimless lower-middle class blue collar 
workers becomes a growing problem. 

3. Breaking down traditional barriers to
education, thus creating the basic point of de­
parture for social advancement, is a major goal 
of social reformers in the industrial society. 
Education, available for limited and specific 
periods of time, is initially concerned with 
overcoming illiteracy, and subsequently with 
technical training, largely based on written, 
sequential reasoning. In the technetronic so­
ciety, not only has education become universal 
but advanced training is available to almost 
all who have the basic talents. Quantity-train­
ing is reinforced by far greater emphasis on 
quality-selection. The basic problem is to dis­
cover the most effective techniques for the 
rational exploitation of social talent. Latest 
communication and calculating techniques 
are applied to that end. The educational pro­
cess, relying much more on visual and audial 
devices, becomes extended in time, while the 
flow of new knowledge necessitates more and 
more f1:equent refresher studies. 

4. In the industrial society social leader­
ship shifts from the traditional rural-aristo­
cratic to an urban "plutocratic" elite. Newly 
acquired wealth is its foundation, and intense 
competition the outlet-as well as the stim­
ulus-for its energy. In the post-industrial tech­
netronic society plutocratic pre-eminence 
comes under a sustained challenge from the 
political leadership which itself is increasingly 
permeated by individuals possessing special 
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skills and intellectual talents. Knowledge be­
comes a tool of power, and the effective mo­
bilisation of talent an important way for acquir­
ing power. 

5. The university in an industrial society­
rather in contrast to the medieval times-is 
an aloof ivory-tower, the repository of irrele­
vant, even if respected wisdom, and, for only 
a brief time, the watering fountain for budding 
members of the established social elite. In 
the technetronic society, the university becomes 
an intensely involved think-tank, the source 
of much sustained political planning and social 
innovation. 

6. The turmoil inherent in the shift from 
the rigidly traditional rural to urban existence 
engenders an inclination to seek total answers 
to social dilemmas, thus causing ideologies 
to thrive in the industrial society. a In the tech­
netronic society, increasing ability to reduce 
social conflicts to quantifiable and measurable 
dimensions reinforces the trend towards a more 
pragmatic problem-solving approach to social 
issues. 

7. The activisation of hitherto passive masses
makes for intense political conflicts in the in­
dustrial society over such matters as disen­
franchisement and the right to vote. The issue 
of political participation is a crucial one. In 
the technetronic age, the question increasingly 
is one of ensuring real participation in deci­
sions that seem too complex and too far-re­
moved from the average citizen. Political alien­
ation becomes a problem. Similarly, the issue 
of political equality of the sexes gives way to a 
strngglc for the sexual equality of women. In 
the industrial society, woman-the operator of 
machines-ceases to be physically inferior 
to the male, a consideration of some impor­
tance in rural life, and she begins to demand 
her political rights. In the emerging society, 
automation discriminates equally against males 
and females; intellectual talent is computable; 
the pill encourages sexual equality. 

8. The newly enfranchised masses are co­
ordinated in the industrial society through trade 
unions and political parties, and integrated 
by relatively simple and somewhat ideological 
programmes. Moreover, political attitudes are 
influenced by appeals to nationalist senti­
ments, communicated through the massive 
growth of newspapers, relying, naturally, on 
native tongues. In the technetronic society, 
the trend would seem to be . towards the ag­
gregation of the individual support of millions 

of uncoordinated citizens, easily within the 
reach of magnetic and attractive personalities 
effectively exploiting the latest communication 
techniques to manipulate emotions and control 
reason. Reliance on TV-and hence the ten­
dency to replace language with imagery, with 
the latter unlimited by national confines (and 
also including coverage for such matters as 
hunger in India or war scenes)-tends to cre­
ate a somewhat more cosmopolitan, though 
highly impressionistic, involvement in global 
affairs. 

9. Economic power in the industrial society
tends to be personalised, either in the shape 
of great entrepreneurs like Henry Ford or bu­
reaucratic industrialisers like Kaganovich in 
Russia, or Mine in Poland. The tendency to­
wards de-personalisation of economic power is 
stimulated in the next stage by the appearance 
of a highly complex interdependence between 
governmental institutions (including the mili­
tary), scientific establishments, and industrial 
organisations. As economic power becomes 
inseparably linked with political power, it 
becomes more invisible and the sense of in­
dividual futility increases. 

10. Relaxation and escapism in the indus­
trial society, in its more intense forms, is a 
carry-over from the rural drinking bout, in 
which intimate friends and family would join. 
Bars and saloons-or fraternities-strive to 
recreate the atmosphere of intimacy. In the 
technetronic society social life tends to be so 
atomised, even though communications (es­
pecially TV) make for unprecedented immedi­
acy of social experience, that group intimacy 
cannot be recreated through the artificial stim­
ulation of externally convivial group behaviour. 
The new interest in drugs seeks to create in­
timacy through introspection, allegedly by ex­
panding consciousness. 

Eventually, these changes and many others, 
including the ones that affect much more 
directly the personality and quality of the hu­
man being itself, will make the technetronic 
society as different from the industrial as the 
industrial became from the agrarian .... 

THE TRAUMA OF CONFRONTATION 

For the world at large, the appearance of 
the new technetronic society could have the 
paradoxical effect of creating more distinct 
worlds on a planet that is continuously shrink­
ing because of the communications revolution. 
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While the scientific-technological change will 
inevitably have some spill-over, not only will 
the gap between the developed and the under­
developed worlds probably become wider-es­
pecially in the more measurable terms of 
economic indices-but a new one may be de­
veloping within the industrialised and urban 
world. 

The fact is that America, having left the 
industrial phase, is today entering a distinct 
historical era: and one different from that of 
Western Europe and Japan. This is prompting 
subtle and still indefinable changes in the Amer­
ican psyche, providing the psycho-cultural 
bases for the more evident political disagree­
ments between the two sides of the Atlantic. 
To be sure, there arc pockets of innovation 
or retardation on both sides. Sweden shares 
with America the problems of leisure, psychic 
well-being, purposelessness; while Mississippi 
is experiencing the confrontation with the in­
dustrial age in a way not unlike some parts 
of South-Western Europe. But I believe the 
broad generalisation still holds true: Europe 
and America are no longer in the same histori­
cal era. 

What makes America unique in our time 
is that it is the first society to experience the 
future. The confrontation with the new-which 
will soon include much of what I have out­
lined-is part of the daily American expe­
rience. For better or for worse, the rest of the 
world learns what is in store for it by ob­
serving what happens in the U.S.A.: in the 
latest scientific discoveries in space, in med­
icine, or the electric toothbrush in the bath­
room; in pop art or LSD, air conditioning or 
air pollution, old-age problems or juvenile 
delinquency. The evidence is more elusive 
in such matters as music, style, values, so­
cial mores; but there, too the term "Ameri­
canisation'' obviously defines the source. To­
day, America is the creative society; the 
others, consciously and unconsciously, are 
emulative. 

American scientific leadership is particularly 
strong in the so-called ��frontier'' industries, 
involving the most advanced fields of science. 
It has been estimated that approximately 80% 
of all scientific and technical discoveries made 
during the last few decades originated in the 
United States. About 75% of the world's com­
puters operate in the United States; the Amer-

ican lead in lasers is even more marked; ex­
amples of American scientific lead are abun­
dant. 

There is reason to assume that this leader­
ship will continue. America has four times as 
many scientists and research workers as the 
countries of the European Economic Com­
munity combined; three-and-a-half times as 
many as the Soviet Union. The brain-drain 
is almost entirely one-way. The United States 
is also spending more on research: seven times 
as much as the E.E.C. countries, three-and­
a-half times as much as the Soviet Union. 
Given the fact that scientific development is 
a dynamic process, it is likely that the gap 
wil1 widen. -t 

On the social level, American innovation 
is most strikingly seen in the manner in which 
the new meritocratic elite is taking over Ameri­
can life, utilising the universities, exploiting 
the latest techniques of communications, har­
nessing as rapidly as possible the most recent 
technological devices. Technetronics dominate 
American life, but so far nobody else's. This 
is bound to have social and political-and there­
fore also psychological-consequences, stimu­
lating a psycho-cultural gap in the developed 
world. 

At the same time, the backward regions of 
the world are becoming more, rather than less, 
poor in relation to the developed world. It 
can be roughly estimated that the per capita 
income of the underdeveloped world is approx­
imately ten times lower than of America and 
Europe (and twenty-five times of America 
itself). By the end of the century, the ratio 
may be about fifteen-to-one ( or possibly thirty­
to-one in the case of the U.S.), with the back­
ward nations at best approaching the pres­
ent standards of the very poor European nations 
but in many cases (e.g., India) probably not 
even attaining that modest level. 

The social elites of these regions, however, 
will quite naturally tend to assimilate and emu­
late, as much as their means and power per­
mit, the life-styles of the most advanced world, 
with which they are, and increasingly will be, 
in close vicarious contact through global tele­
vision, movies, travel, education, and interna­
tional magazines. The international gap will 
thus have a domestic reflection, with the mas­
ses, given the availability even in most back­
ward regions of transistorised radios (and soon 
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television), becoming more and more intensely 
aware of their deprivation. 

It is difficult to conceive how in that con­
text democratic institutions (derived largely 
from Western experience-but typical only of 
the more stable and wealthy Western nations) 
will endure in a country like India, or develop 
elsewhere. The foreseeable future is more likely 
to see a turn towards personal dictatorships 
and some unifying doctrines, in the hope that 
the combination of the two may preserve the 
minimum stability necessary for social-eco­
nomic development. The problem, however, is 
that whereas in the past ideologies of change 
gravitated from the developed world to the 
less, in a way stimulating imitation of the de­
veloped world (as was the case with Commu­
nism), today the differences between the two 
worlds are so pronounced that it is difficult 
to conceive a new ideological wave originating 
from the developed world, where the tradi­
tion of utopian thinking is generally declining. 

With the widening gap dooming any hope 
of imitation, the more likely development is 
an ideology of rejection of the developed 
world. Racial hatred could provide the neces­
sary emotional force, exploited by xenophobic 
and romantic leaders. The writings of Frantz 
Fanon-violent and racist-are a good exam­
ple. Such ideologies of rejection, combining 
racialism with nationalism, would further re­
duce the chances of meaningful regional co- •1 

operation, so essential if technology and sci- _; 
ence are to be effectively applied. They would 
certainly widen the existing psychological and 
emotional gaps. Indeed, one might ask at that 
point: who is the truer repository of that inde­
finable quality we call human? The technolog­
ically dominant and conditioned technetron, 
increasingly trained to adjust to leisure, or the 
more ''natural'' and backward agrarian, more 
and more dominated by racial passions and 
continuously exhorted to work harder, even 
as his goal of the good life becomes more elu­
sive? 

The result could be a modem version on a 
global scale of the old rural-urban dichotomy. 
In the past, the strains produced by the shift 
from an essentially agricultural economy to a 
more urban one contributed much of the im­
petus for revolutionary violence. 5 Applied on 
a global scale, this division could give sub­
stance to Lin Piao's bold thesis that: 

Taking the entire globe, if Nmth America and 
Western Europe can be called ''the cities of the 
world,'' then Asia, Africa, and Latin America con­
stitute "the rural areas of the world." ... In a 
sense, the contemporary world revolution also pre­
sents a picture of the encirclement of cities by the 
rural areas. 

In any case, even without envisaging such a 
dichotomic con frontation, it is fair to say that 
the underdeveloped regions will be facing in­
creasingly grave problems of political stability 
and social survival. Indeed (to use a capsule 
formula), in the developed world, the nature of 
man as man is threatened; in the underdevel­
oped, society is. The interaction of the two 
cou Id produce chaos. 

To be sure, the most advanced states will 
possess ever more deadly means of destruc­
tion, possibly even capable of nullifying the 
consequences of the nuclear proliferation that 
appears increasingly inevitable. Chemical and 
biological weapons, death rays, neutron bombs, 
nerve gases, and a host of other devices, pos­
sessed in all their sophisticated variety (as 
seems likely) only by the two super-states, 
may impose on the world a measure of sta­
bility. Nonetheless, it seems unlikely, given 
the rivalry between the two principal powers, 
that a fool-proof system against international 
violence can be established. Some local wars 
between the weaker, nationalistically more 
aroused, poorer nations may occasionally 
erupt-resulting perhaps even in the total nu­
clear extinction of one or several smaller mt­
tions?-before greater international control is 
imposed in the wake of the universal moral 
shock thereby generated. 

The underlying problem, however, will be 
to find a way of avoiding somehow the wid­
ening of the cultural and psycho-social gap 
inherent in the growing differentiation of the 
world. Even with gradual differentiation 
throughout human history, it was not until the 
industrial revolution that sharp differences 
between societies began to appear. Today, 
some nations still live in conditions not unlike 
pre-Christian times; many no different than in 
the medieval age. Y ct soon a few wi 11 Ii ve in 
ways so new that it is now difficult to imagine 
their social and individual ramifications. If 
the developed world takes a leap-as seems 
inescapably the case-into a reality that is even 
more different from ours today than ours is 
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from an Indian village, the gap and its accom­
panying strains will not narrow. 

On the contrary, the instantaneous electronic 
intermeshing of mankind will make for an in­
tense confrontation, straining social and inter­
national peace. In the past, differences were 
"livable" because of time and distance that 
separated them. Today, these differences arc 
actually widening while technetronics are elim­
inating the two insulants of time and distance. 
The resulting trauma could create almost en­
tirely different perspectives on life, with in­
security, envy, and hostility becoming the 
dominant emotions for increasingly large 
numbers of people. A three-way split into rural­
backward, urban-industrial, and technetronic 
ways of life can only further divide man, in­
tensit'y the existing difficulties to global under­
standing, and give added vitality to latent or 
existing conflicts. 

The pace of American development both 
widens the split within mankind and contains 
the seeds for a constructive response. How­
ever, neither military power nor material 
wealth, both of which America possesses in 
abundance, can be used directly in responding 
to the onrushing division in man's thinking, 
norms, and character. Power, at best, can as­
sure only a relatively stable external environ­
ment: the tempering or containing of the poten­
tial global civil war; wealth can grease points 
of socio-economic friction, thereby facilitating 
development. But as man-especially in the 
most advanced societies-moves increasingly 
into the phase of controlling and even creat­
ing his environment, increasing attention will 
have to be given to giving man meaningful 
content-to improving the quality of life for 
man as man. 

Man has never really tried to use science in the 
realm of his value systems. Ethical thinking is hard 
to change, but history demonstrates that it docs 
change .... Man docs, in limited ways, direct 
his very important and much more rapi<l psycho­
social education. The evolution of such things as 
automobiles, airplanes, weapons, legal institutions, 
corporations, universities, and democratic govern­
ments arc examples of progressive evolution in 
the course of time. We have, however, never re­
ally tried deliberately to create a better society for 
man qua man. . . . i; 

The urgent need to do just that may com­
pel America to redefine its global posture. Dur­
ing the remainder of this century, given the 
perspective on the future I have outlined here, 

America is likely to become less concerned 
with "fighting communism" or creating "a 
world safe for diversity" than with helping to 
develop a common response with the rest of 
mankind to the implications of a truly new era. 
This wiI1 mean making the massive diffusion of 
scientific-technological knowledge a principal 
focus of American involvement in world af­
fairs. 

To some extent, the U.S. performs that role 
already-simply by being what it is. The im­
pact of its reality and its global involvement 
prompts emulation. The emergence of vast 
international corporations, mostly originating 
in the United States, makes for easier transfer 
of skills, management techniques, marketing 
procedures, and scientific-technological inno­
vations. The appearance of these corporations 
in the European market has done much to stim­
ulate Europeans to consider more urgently 
the need to integrate their resources and to ac­
celerate the pace of their own research and 
development. 

Similarly, returning graduates from Ameri­
can universities have prompted an organisa­
tional and intellectual revolution in the aca­
demic life of their countries. Changes in the 
academic life of Britain, Germany, Japan, 
more recently France, and (to even a greater 
extent) in the less developed countries, can be 
traced to the influence of U.S. educational in­
stitutions. Indeed, the leading technological 
institute in Turkey conducts its lectures in 
"American" and is deliberately imitating, not 
only in approach but in student-professor re­
lationships, U.S. patterns. Given developments 
in modern communications, is it not only a 
matter of time before students at Columbia 
University and, say, the University of Teheran 
will be watching, simultaneously, the same 
lecturer? 

The appearance of a universal intellectual 
elite, one that shares certain common values 
an·d aspirations, will somewhat compensate 
for the widening differentiation among men and 
societies. But it will not resolve the problem 
posed by that differentiation. In many back­
ward nations tension between what is and what 
can be will be intensified. Moreover, as 
Kenneth Boulding observed: 

The network of electronic communication is 
inevitably producing a workl super-culture, an<l the 
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relations between this super-culture and the more 
traditional national and regional cultures of the past 
remains the great question mark of the next fifty 
years. 7

That ''super-culture,'' strongly influenced 
by American life, with its own universal elec­
tronic-computer language, will find it difficult 
to relate itself to ' 1 the more traditional and 
regional cultures," especially if the basic gap 
continues to widen. 

To cope with that gap, a gradual change 
in diplomatic style and emphasis may have 
to follow the redefined emphasis of America's 
involvement in world affairs. Professional di­
plomacy will have to yield to intellectual lead­
ership. With government negotiating directly­
or quickly dispatching the negotiators-there 
will be less need for ambassadors who are 
resident diplomats and more for ambassadors 
who are capable of serving as creative inter­
preters of the new age, willing to engage in 
a meaningful dialogue with the host intellec­
tual community and concerned with promoting 
the widest possible dissemination of available 
knowledge. Theirs will be the task to stimu­
late and to develop scientific-technological 
programmes of co-operation. 

International co-operation will be necessary 
in almost every facet of life: to reform and to 
develop more modern educational systems, to 
promote new sources of food supply, to ac­
celerate economic development, to stimulate 
technological growth, to control climate, to 
disseminate new medical knowledge. How­
ever, because the new elites have a vested in­
terest in their new nation-states and because 
of the growing xenophobia among the masses 
in the third world, the nation-state will remain 
for a long time the primary focus of loyalty, 
especially for newly liberated and economically 
backward peoples. To predict loudly its death, 
and to act often as if it were dead, could prompt 
(as it did partially in Europe) an adverse re-

action from those whom one would wish to 
influence. Hence, regionalism will have to 
be promoted with due deference to the symbolic 
meaning of national sovereignty-and prefer­
ably also by encouraging those concerned them­
selves to advocate regional approaches. 

Even more important will be the stimula­
tion, for the first time in history on a global 
scale, of the much needed dialogue on what 
it is about man's life that we wish to safeguard 
or to promote, and on the relevance of existing 
moral systems to an age that cannot be fitted 
into the narrow confines of fading doctrines. 
The search for new directions-going beyond 
the tangibles of economic development-could 
be an appropriate subject for a special world 
congress, devoted to the technetronic and philo­
sophical problems of the coming age. To these 
issues no one society, however advanced, is 
in a position to provide an answer. 

NOTES 

1Perhaps the most useful single source is to be found in 
the Summer 1967 issue of Daedalus, devoted entirely 
to "Toward the Year 2000: Work in Progress." The 
introduction by Professor Daniel Bell, chairman of the 
American Academy's Commission on the Year 2000 
(of which the present writer is also a member) summarises 
some of the principal literature on the subject. 
2Scc Daniel Bell's pioneering "Notes on the Post-Indus­
trial Society," The Public Interest, Nos. 6 and 7, I 967. 
:iThe American exception to this rule was due to the absence 
of the feudal tradition, a point well developed by Louis 
Hartz in his work The Liberal Tradition in America 
(1955). 
11n the Soviet case, rigid compartmentalisation between 
secret military re!-icnrch and industrial research has had 
a particularly sterile effect of inhibiting spill-over from 
weapons research into industrial application. 
5Sce Barrington Moore's documentation of this in his 
pioneering study Social Origins of Dictatorship and De­
mocracy ( 1967). 
6Hudson Hoagland, "Biology, Brains, and Insight," 
Columbia University Forwn, Summer 1967. 
7Kenneth Boulding, "Expecting the Unexpected,'' Pro­
spective Changes in Society by 1980 (1960). 
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RELIGIOUS 

From "Technical Progress and Sin" 
GABRIEL MARCEL 

■ Gabriel Marcel 1va.1· bom in 1889 in Paris. fie 1w1s raised in a ho111e do111i11ated by hisjilfher' s agnostici.1111 and /,is 
111111t'.1· liberal pro1estamis111. Neverrheless, Marcel was highly i111erested in the religious di111emio11 ofh11111a11 e.1peri­
e11ce. In 1929 he convened to Ca//wlicim1 and became subsequemly an imellectual leader in French Calholic circle.I". 

During World War 1 he joined the Red Cross, and his experiences during that period leji pen11a11e111 marks 011 1he
direction <�( hi.1· lhought. For he realized then the inability <i

f 

abstract philosophy to cope wilh rhe lmgic characler of 
human exi.1te11ce. !1111011!{ hi.,· chie

f 

,vorks are The Mystery of Being ( 1950) a11d Man Against Mass Society (1951). 
Gabriel Marcel is 11ot an w11i-rech11olo!{isr a.1· one 111i!{ht infer ji-om the title of the selectio11 that appears here. On 

rhe contrary, "rech11iq11e is rather something good or the expre.nion ofso111ethi11g good, since it u11101111t.1· to nothing 

more than a specific instance o
f 

our general application of 011r giji of reason to realily." Nevertheless, Marcel is only 
TOO well aware o

f 

rhe relarion berween /echnological progress and sin. ii is rhe basis o
f 

this relatio11sh1jJ thal he 
explores in !his selecrio11. ilccordi11g 10 hi111, thi11gs .1·1ar1 ,:oi11g wrong when feelings ofpmrer and pride, which an 
inventor j11.1·1ijia/J/y experiences, "lose 1heirj11.1·1 pretext and their a11rhe11ticity, in the case oflhe 111011 who be11efi1sji·o111 
an i11vemio11 wi1ho11r having 111ade any co111rib111io11 /Owards discovering or perfec1ing ii.'' This leads firs! 10 a ki11d <i

f 

"idolatry" of tee/mica/ pmducts, which 1Vel1ke11s the se11se of 1he sacred, a11d 1he11 TO "a111olatry," th{lf is, self 
IVorship. 

Marcel evlllua1e.1· !he pros {II/{/ co11.1· of co111111u11icmio11al lldvances made possible by technological progress. 
(Compare 1hese views wi1h !hose given in Parr TIVo under the heading ''Media-oriented''.) He also discusses rhe vice 
of' 'envy,'' which for him is another owgrowth o

f 

1ech110/ogica/ progress. All this leads him to co11c/11de rhat nothing 
,viii save the tech110/ogical 111011 except ''an act o

f

ji1ith.'' 

/11 !he opening paragraph o
f 

this selec1io11, Marcel i.1· exa111i11i11g the 1111iversal hu111a11 e111otio11 <if' i11dig11mio11 
Ihm is pro111p1ed by 1vani111e tllroci1ies. 

This almost universal emotion in the face of 
horror-an emotion, it may be admitted, that 
has so far had no appreciable effect in prevent­
ing horrors from occurring-is the coming to 
the surface of a deep sense of piety towards life; 
and that at an epoch where thought at the more 
conscious and rationalizing level is being led 
more and more into denying that life has any 
"sacred" character; and it is in connection with 
this spontaneous piety, but as outraging it (and 
more often than not quite independently of any 
positive religious attachment, of any link with 
historical revelation), that these acts, which we 
have been the witnesses or victims of, seem to 
us to bear the undeniable mark of sin. 

Whatever attempts there may have been in 
the past to justify war, or at least to recognize 
a certain spiritual value in war, we ought to pro­
claim as loudly as possible that war with the 
face it wears to-day is sin itself. But at the same 
time we cannot fail to recognize that war is be­
coming more and more an affair of technicians: 
it presents to-day the double aspect of destroy­
ing whole populations without distinction of age 

□ From Ma11 Against Mass Socie1y, trans. G. S. Fraser 
(South Bend, Ind.: Rcgnery/Gatcway, Inc., 1952), pp. 60-
66. Reprinted by permission of the publisher. 

or sex, and of tending more and more to be con­
ducted by a small number of individuals, pow­
erfully equipped, who direct operations from 
the safe depths of their laboratories. The fate of 
war and that of technical advancement, in our 
time, whether or not this conjunction is a mere­
ly accidental one, seem to be inextricably 
linked; and it can be asserted even that, at least 
in our present phase of history, everything that 
gives a new impetus to technical research at the 
same time renders war more radically destrnc­
tive, and bends it more and more inexorably to 
what, at the breaking point, would be quite sim­
ply the suicide of the human race. 

In a strange way, this connection between 
technical progress and sin becomes clearer if we 
remember on the one hand that to-day only the 
State is rich enough to finance the gigantic lab­
oratories in which the new physics is being ap­
plied and developed; and on the other hand that, 
in a world given over like our own to rival im­
perialisms, the State itself, that "Great Levia­
than", to use the phrase of Hobbes, is inevi­
tably led to demand that such researches should 
be directed towards everything that can increase 
the power of the State in its coming conflict 
with its rivals. It is in relation to these facts that 
we are forced to assert that the growing state-
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control of scientific and technical research is 
one of the worst calamities of our time. 

When we reflect on it, however, this tragic 
situation of ours is very far from appearing a 
natural situation. We cannot say that the realm 
of the technical is evil in itself or that progress 
at the technical level ought, as such, to be con­
demned. Even to pretend that this were so 
would be to relapse into childishness. We can 
immediately see, even though it is perhaps im­
possible to discover the logical basis for this 
opinion, that it would be absurd to hope to solve 
the present crisis by closing down the factories 
and the laboratories for good and all. There is 
every reason to suppose, on the contrary, that 
such a step would be the starting point of an al­
most unimaginable regression for the human 
race. 

The truth is that if we want to state the prob­
lem of the relationship between technical prog­
ress and sin in acceptable terms we must go 
back to first principles. In the last analysis, 
whatis a technique? It is a group of procedures, 
methodically elaborated, and consequently ca­
pable of being taught and reproduced, and when 
these procedures are put into operation they as­
sure the achievement of some definite concrete 
purpose. As I have just been saying, the realm 
of the technical, as thus defined, is not to be 
considered as evil in itself; if we think of it in it­
self, as I have already said, a technique is rather 
something good or the expression of something 
good, since it amounts to nothing more than a 
specific instance of our general application of 
our gift of reason to reality. To condemn tech­
nical progress is, therefore, to utter words 
empty of meaning. But from the point of view 
of truth, what we must do is not to cling to our 
abstract definition but rather to ask ourselves 
about the concrete relationship that tends to 
grow up between technical processes on the one 
hand and human beings on the other; and here 
things become more complicated. 

In so far as a technique is something thnt we 
can acquire, it may be compared to a posses­
sion-like habit, which is at bottom itself al­
ready a technique. And we can at once see that 
if a man can become the slave of his habits, it is 
equally probable that he can become the prison­
er of his techniques. But we have to go deeper. 
The truth is that a technique, for the man whose 
task it is to invent it, docs not present itself sim­
ply as a means; for a time at least, it becomes an 
end in itself, since it has to be discovered, to 
be brought into being; and it is easy to under-

stand how a mind absorbed in this task of dis­
covery can be drawn away from any thought of 
the real purpose to which, in principle, this 
technique ought to be subordinate. To take a 
simple example, it is clear enough that a techni­
cian to whom, for one reason or another, trav­
elling is impossible or forbidden, might never­
theless devote himself to the improvement of 
design in motor-cars. I should be tempted to say 
that all technical progress implies a certain 
moral and intellectual outlay (of attention, inge­
nuity, perseverance, and so on) which betrays 
itself by a feeling of power or of pride; in which 
fact, of course, there is nothing that is not usual 
and allowable. Such feelings are the natural ac­
companiment of inventive activity. But they be­
come unnatural, as we have already seen, they 
lose their just pretext and their authenticity, 
in the case of the man who benefits from an in­
vention without having made any contribution 
towards discovering and perfecting it. We can 
understand this if we think of the state of mind 
of certain motorists who acquire a kind of pas­
sion for their car, spend their time swapping 
one car for another, and thus become less and 
less capable of considering the car as what it is, 
a means for getting about. The lack of curiosity 
of the passionate motorist is a fact of common 
experience. But this remark has a much more 
general application, and is true for instance also 
of radio enthusiasts. What we arc noticing here 
is the passage from the realm of the technical, 
properly so called, to that of a kind of idolatry 
of which technical products become the object 
or at least the occasion. And if we follow out 
this line of reflection, we can see that even this 
kind of idolatry can degenerate into something 
worse; it can become autolatry, worship of one­
self, and often docs so in those circles where 
people can get excited only about records, espe­
cially speed records. Certainly, there is a great 
deal here that we ought to go into more deeply; 
we could ask ourselves how it is that speed has 
come to be regarded· as an end rather than a 
means, how it has come to be sought out for its 
own sake-and we ought to contrast such a state 
of mind with that of the traveller of the old 
days, and particularly of the pilgrim, for whom 
the very slowness of progress was linked to a 
feeling of veneration. The transformation that 
has taken place in these matters seems to have 
even metaphysical significance. In a very gen­
eral way, we might say that the exaltation of 
speed records goes hand in hand with a weaken­
ing, an attenuation, of the sense of the sacred. 
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But let us consider another much more gen­
eral and much more important aspect of the 
same phenomenon. One might say that the no­
tion of technical progress, at least in our own 
day, implies above all the notion of progress in 
communications. The perfecting of means of 
transport has been to all appearances the condi­
tion (while at the same time, of course, one of 
the effects) of the industrialization which has 
been proceeding with an accelerating rhythm 
during the past century. But what we must con­
centrate our powers of reflection on is just this 
very notion of communication, taken in a quite 
external sense. That the world should cease to 
be divided into many little compartments, that 
the country folk, in particular, should cease to 
live, in their own little closed regions, an entire­
ly local life, a life with no relation to that of 
other neighbouring groups, all that seems to me 
an infinitely happy transformation, and one 
which by itself would serve to justify the belief 
in progress. But we must be careful here. Natu­
rally, it is true to say that this general develop­
ment of communications can or could -ought 
to be able to-produce excel1ent results: that, 
for instance, where some new good thing has 
been discovered, the development of communi­
cations guarantees a widespread use of this 
good thing that would not have been imaginable 
a century ago. Let us think, for instance, of 
medicines (semms or penicillin) taken by aero­
plane to sick people who, without such outside 
help, would undoubtedly have died. But this 
good possibility is only one possibility among 
many; we ought to ask ourselves whether there 
arc not also evil possibilities whose very prin­
ciple is to be found just in this perfecting of 
communication, in a quite external sense, of 
which we have been talking. 

Do we not find, both on the world scale and 
at the level of national existence, that the de­
velopment of communications entails a growing 
uniformity imposed upon our customs and hab­
its? In other words, this perfecting of communi­
cations is achieved everywhere at the expense 
of an individuality which is tending to-day more 
and more to vanish away: and we are thinking 
here of beliefs, customs, traditions, as well as 
of local costumes, local craftsmanship, and so 
on. If we were taking a quite superficial view of 
human psychology and history, we might be 
tempted to say that this elimination of the pic­
turesque is the unavoidable price that we pay 
for a greater good; for this reduction of habits 
to a general uniformity might, of course, be the 

beginning of a genuine unification of mankind. 
But our contemporary experience aJlows us to 
say quite definitely that there is nothing in this 
argument and that the imposing of uniformity, 
far from setting men on the path towards a kind 
of concrete assimilation of the universal, seems 
on the contrary to develop in them narrowly 
particular loyalties of a more and more aggres­
sive sort, and to set competing groups against 
each other. 

This might seem quite paradoxical, but re­
flection clears up the difficulty. Is it not obvious 
that technical and industrial progress have com­
bined to create for men a kind of lowest com­
mon denominator of well-being which becomes 
an inspirer of covetousness and everywhere 
gives rise to envy? At the bottom, this lowest 
common denominator is merely wealth, one 
might say it is merely cash; but in saying 
that one should add that, by a very dis­
turbing dialectical process, just as money be­
comes the lowest common denominator of well­
being, so money itself tends to lose all substan­
tial or even apparent reality, to become, in 
short, a fiction. After all, envy is only possible 
on the basis of what might be called a common 
drawing-account; it is less conceivable as exist­
ing between individuals and between peoples 
who have each their own traditions and their 
own separate genius, of which they are rightly 
proud. To be sure, this originality of each local 
and national tradition in respect to every other 
one has been very far, throughout history, from 
excluding quarrels and wars; up to a certain 
point, it has even encouraged them. But these 
quarrels, these wars, however bloody they may 
have been, did retain a human character; they 
did not exclude mutual respect, they made real 
reconciliations possible. There is nothing in 
them which at all resembles these attempts at 
collective extermination of which I spoke at the 
beginning of this chapter. But, besides all this, 
it wou1d be of the greatest interest to discover 
by what odd mechanism ideological conflicts, 
to-day, conflicts sometimes quite without deep 
significance, have been able to superimpose 
themselves on elementary-and alimentary­
antagonisms whose sole basis can finally be 
seen as envy. 

It can, of course, always be claimed that this 
common drawing fund for envy, this lowest 
common denominator, however regrettable its 
immediate consequences may be, was none the 
less necessary, and that in the long run the cur­
rent growth of uniformity will allow men to 
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form a really organic and harmonious single 
body. It is difficult to make any judgment on 
such prophecies. But what must be recognized, 
it seems to me, speaking in all good faith, is 
that, if we consider things in a purely rational 
fashion, we can find no serious reason for ex­
pecting an automatically favourable outcome to 
the crisis which mankind is going through to­
day. One cannot help observing that those ideo­
logical conflicts, which I have just been allud­
ing to, tend to-day, so to say, to make them­

selves at home even in small country villages 
where, in the past, a friendly good-will pre­
vailed and where to-day we can see the reign of 
mutual fear and suspicion. It is, of course, still 

RELIGIOUS 

From "Man and Machine" 

NICHOLAS BERDY AEV 

possible to say that this is a purely transitional 
state of affairs; but the truth is that nobody 
sees how the state of affairs can be bettered in a 
way that would suit the aspirations of those who 
love peace and who also love what Victor Hugo 
called "concord among citizens". In reality, 
unless we have recourse to an act of faith, per­
fectly legitimate in itself and from the religious 
point of view even requisite, but quite foreign 
to the spirit of the man of mere technique, we 
should have to say that the malady from which 
mankind to-day appears to be suffering is per­
haps mortal, and that there is nothing, at the 
purely human level, which insures our race 
against that risk of collective suicide ... 

■ Nicholas Benlyaev ( 1874-1948) 1vas born near Kiev in R11.1·sia. He was a philosopher and a religious thinker who

brid!ied rhe MOP be11veen rl'iiMio11.1· tho11Mht in Russia and the West. fie was a leading exponent of Christian existen­
tialism. As a youth he 1w1s as.1·ociared with Marxism. Bur bec(luse his views developed {/long different lines, he was 
exiled afier the revol11tio11, and he went to /'(Iris in 1924. 111 his philosophy, his major concern has alw(lys been man.
fie strongly advornted a sociery which gives each individual the ability to be bothji-ee and cremive. Among hi.1· works
are The New Middle Ages ( 1924) and Slavery and Freedom ( 1939).

In the essay "Man and Machine" ( 1933) Berdyaev wages a bitter attack 011 tech11iq11e: "The world is beinM de­
h11n11111ized as well a.1· dechrisria11ized by the 111011strm1.1· power (}/"technique." This power is seen as "bound up" not 
only with the machine, but ivirh capitalism and com1111111ism, both o

f 

which are rejected by the a11thor. According ro 

/Jerdyaev, the problem with modern tech11olo!iy is that it deals "terrible blows to man's emotional side, to human 
feeli11gs.'' Thus it is the heart 1111d 1101 the .1pirit which is primarily enda11gered today. IJur to combat this situation man 
11111.1·1 i111e11sify his mv11 spirituality. The h11111a11 spirit "must ,wr be isolated a11d depe11de111 011ly 11po11 itself-it 11111st 

be united to God." This would .wrengthe11 it, and con.vequemly enable it to limit the powers of technique, 111ilizi11M 
technique 011/y for the good of h11111a11iry. /11 this Berdyaev seems to be in agree111e111 with Marcel (see preceding 
selectio11). 

Wherein consists the menace of the machine 
to man, the danger now so clearly apparent? I 
doubt if it threatens spirit and the spiritual life, 
but the machine and technique deal terrible 
blows to man's emotional side, to human feel­
ing, which is on the wane in contemporary civi­
lization. Whereas the old culture threatened 
man's body, which is neglected and often debil­
itated, mechanical civilization endangers the 
heart, which can scarcely bear the contact of 

D From "111e 80111"/i<'Oi.1· Mi11d" and Other £.Hays, trans. 
Countess Bennigscn, revised by Donald Attwatcr (New 
York: Books For Libraries Press, Inc., 1966), pp. 52-64. 
Reprinted by Books For Libr,1ries Press. Distributed by 
Arno Press, Inc. 

cold metal and is unable to live in metallic sur­
roundings. The process of the destruction of the 
heart as the center of emotional life is character­
istic of our times. In the works of such outstand­
ing French writers as Proust and Gide the heart 
as an integral organ of man's emotional life is 
inexistent, everything has been decomposed 
into the intellectual element and sensual feel­
ings. Keyserling is right when he speaks of the 
destruction of the emotional order in modern 
civilization and longs for its restoration. 1 Tech­
nique strikes fiercely at humanism, the human­
ist conception of the world, the humanist ideal 
of man and culture. It seems surprising at first 
to be told that technique is not so dangerous to 
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spirit, yet we may in truth say that ours is the 
age of technique and spirit, not an age of the 
heart. The religious significance of contempo­
rary technique consists precisely in the fact that 
it makes everything a spiritual problem and may 
lead to the spiritualization of life, for it demands 
an intensification of spirituality. 

Technique has long ceased to be neutral, to 
be indifferent to spirit and its problems, and, 
after all, can anything really be neutral? Some 
things may appear so at a casual glance but, 
while technique is fatal to the heart, it produces 
a powerful reaction of the spirit. Through tech­
nique man becomes a universal creator, for his 
former arms seem like childish toys in compari­
son with the weapons it places in his hands 
now. This is especially apparent in the field of 
military technique. The destructive power of the 
weapons of old was very limited and localized; 
with cannon, muskets, and sabers neither great 
human masses nor large towns could be de­
stroyed nor could the very existence of civiliza­
tion be threatened. All this is now feasible. 
Peaceful scientists will be able to promote cata­
clysms not only on a historical but on a cosmic 
scale; a small group possessing the secrets of 
technical inventions will be able to tyrannize 
over the whole of mankind; this is quite plaus­
ible, and was foreseen by Renan. When man is 
given power whereby he may·rule the world and 
wipe out a considerable part of its inhabitants 
and their culture, then everything depends upon 
man's spiritual and moral standards, on the 
question: In whose name will he use this pow­
er-of what spirit is he? 

Thus we see that this problem of technique 
inevitably becomes a spiritual and ultimately a 
religious one, and the future of the human race 
is in the balance. The miracles of technique 
arc always double, and demand an intensifica­
tion of the spirit infinitely greater than in former 
cultural ages. Man's spirituality can no more be 
organically vegetative; we are faced by the de­
mands of a new hcrosim, internal and external. 
Our hcrosim, bound up with warfare in old 
times, is now no more; it scarcely existed in the 
last war; technique demands a new kind of hero­
ism, and we arc constantly hearing and reading 
of its manifestations-scientists leaving their 
laboratories and studies and flying into the 
stratosphere or diving to the bottom of the 
ocean. Human heroism is now connected with 
cosmic spheres. But, primarily, a strong spirit 
is needed in order to safeguard man from en­
slavement and destmction through technique, 

and in a certain sense we may say it is a ques­
tion of life or death. We are sometimes haunted 
by a horrible nightmare: a time may come when 
machinery will have attained so great a perfec­
tion that man would have governed the world 
through it had he not altogether disappeared 
from the earth; machines will be working in­
dependently, without a hitch and with a maxi­
mum of efficiency and results; the last men will 
become like machines, then they will vanish, 
partly because they will be unnecessary and also 
because they will be unable to live and breathe 
any longer in the mechanized atmosphere; fac­
tories will be turning out.goods at great speed 
and airplanes will be flying all over the earth; 
the wireless will be carrying the sound of music 
and singing and the speech of the men that once 
lived; nature will be conquered by technique 
and this new actuality will be a part of cosmic 
life. But man himself will be no more, organic 
life will be no more-a terrible utopia! It rests 
with man's spirit to escape this fate. The exclu­
sive power of technical organization and ma­
chine production is tending toward its goal-in­
existence within technical perfection. But we 
cannot admit an autonomous technique with full 
freedom of action: it has to be subordinated 
to spirit and the spiritual values of life-as ev­
erything else has to be. Only upon one condi­
tion can the human spirit cope with this tremen­
dous problem: it must not be isolated and de­
pendent only upon itself-it must be united to 
God. Then on1y can man preserve the image 
and likeness of his maker and be himself pre­
served. There is the divergence between Chris­
tian and technical eschatology. 

The power of technique in human life results 
in a very great change in the prevalent type of 
religiousness, and we must admit that this is 
all for the good. In a mechanical age the hered­
itary, customary, formal, socially established 
sort of religion is weakened; the religiously­
minded man feels less tied to traditional forms, 
his life demands a spiritually intensified Chris­
tianity, free from social influences. Religious 
life tends to become more personal, it is more 
painfully attained, and this is not individualism, 
for the universality and mystical unity of reli­
gious consciousness are not sociological. 

Yet in another respect the domination of 
technique may be fatal for religious and spir­
itual life. Technique conquers time and radical­
ly alters our relations to it: man becomes capa­
ble of mastering time, but technical actuality 
subordinates him and his inward life to time's 
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accelerating movement. In the crazy speed of 
contemporary civilization not one single instant 
is an end in itself and not a single moment can 
be fixed as being outside time. There is no exit 
into an instant ( Augenblick) in the sense Kirke­
gaard speaks of it: every moment must speedily 
be replaced by the next, all remaining in the 
stream of time and therefore ephemeral. With­
in each moment there seems to be nothing but 
motion toward the next one: in itself it is void. 
such a conquest of time through speed becomes 
an enslavement to the current of time, which 
means that in this relation technical activity is 
destructive of eternity. Man has no time for it, 
since what is demanded of him is the quickest 
passage to the succeeding instant. This does not 
mean that we must see in the past the eternal 
which is being destroyed by the future: the 
past does not belong to eternity any more than 
does the future-both are in time. In the past, as 
in the future and at all times, an exit into eter­
nity, the self-sufficient complete instant, is al­
ways possible. Time obeys the speed machine, 
but is not mastered and conquered by it, and 
man is faced by the question: Will he remain 
capable of experiencing moments of pure con­
templation, of eternity, truth, beauty, God? Un­
questionably, man has an active vocation in the 
world and there is truth in action, but he is also 
a being capable of contemplation in which there 
is an element determining his ego. The very act 
of man's contemplation, his relation to God, 
contains a creative deed. The formulation of 
this problem more than ever convinces us that 
all the ills of modern civilization arc due to the 
discrepancy between the organization of man's 
soul inherited from other ages and the new tech­
nical, mechanical actuality from which he can­
not escape. The human soul is unable to stand 
the speed which contemporary civilization de­
mands and which tends to transform man him­
self into a machine. It is a painful process. Con­
temporary man endeavors to strengthen his 
body through sports, thus fighting anthropologi­
cal regression. We cannot deny the positive 
value of sport whereby man reverts to the old 
Hellenic view of the body, yet sport may be­
come a means of destruction; it will create dis­
tortion instead of harmony if not subordinated 
to his integral idea. By its nature technical civi­
lization is impersonal; it demands man's activ­
ity, while denying him the right to a personal­
ity, and therefore he experiences an immense 
difficulty in surviving in such a civilization. In 
every way person is in opposition to machine, 

for person is primarily unity in multiplicity and 
integrity, it is its own end and refuses to be 
transfonned into a part, a means, an instrument. 
On the other hand, technical civilization and 
mechanized society demand that man should be 
that and nothing else: they strive to destroy his 
unity and integrity or, in other words, deny him 
his personality. A fight to the death between this 
civilization and society and the human person is 
inevitable; it will be man versus machine. Tech­
nique is pitiless to all that lives and exists, and 
therefore concern for the living and existing has 
to restrict the power of technique over life. 

The machine-mind triumphing in a capitalist 
civilization begins by perverting the hierarchy 
of values, and the reinstatement of that hier­
archy marks the limitation of the power of the 
machine. This cannot be done by a reversion to 
the old structure of the soul and the former 
natural and organic actuality. 2 The character of 
modern technical civilization and its influence 
upon man is inacceptable not only to Christian 
consciousness but also to man's natural dignity. 
We are faced by the task of saving the very im­
age of man. He has been called to continue cre­
ation and his work represents the eighth day: he 
was called to be king and master of the earth, 
yet the work he is doing and to which he was 
called enslaves him and defaces his image. So a 
new man appears, with a new structure of the 
soul, a new image. The man of former days be­
lieved himself to be the everlasting man; he was 
mistaken, for though he possessed an eternal 
principle he was not eternal: the past is not eter­
nity. A new man is due to appear in the world 
and the problem consists in the question, not of 
his relation to the old man, but of his relation to 
everlasting mai1, to the eternal in him-and this 
eternal principle is the divine image and like­
ness whereby he becomes a person. This is not 
to be understood statically, for the divine image 
in man, as in a natural being, is manifested and 
confirmed dynamically-in this consists the 
endless struggle against the old man in the name 
of the new man. But the machine age strives to 
replace the image and likeness of God by the 
image and likeness of the machine, and this 
does not mean the creation of a new man but the 
destrnction and disappearance of man, his sub­
stitution by another being with another, non­
human, existence. Man created the machine, 
and this may give him a grand feeling of his 
own dignity and power, but this pride impercep­
tibly and gradually leads to his humiliation. AIi 
through history man has been changing, he has 
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always been old and new, but throughout the 
ages he was in contact with eternity and re­
mained man. The new man will finally break 
away from eternity, will definitely fasten on to 
the new world he has to possess and conquer, 
and will cease to be human, though at first he 
will fail to realize the change. We are witness­
ing man's dehumanization, and the question is: 
Is he to be or not to be, not the ancient man who 
has to be outlived, but just simply man? From 
the very dawn of human consciousness, as 
manifested in the Bible and in ancient Greece, 
this problem has never been posited with such 
depth and acuteness. European humanism be­
lieved in the eternal foundations of human na­
ture, and inherited this belief from the Greco­
Roman world. Christianity believes man to be 
God's creation, bearing his image and likeness 
and redeemed by his divine son. Both these 
faiths strengthen European man, who believes 
himself to be universal, but now they have been 
shaken; the world is being dehumanized as well 
as dechristianized by the monstrous power of 
technique. 

This power, like that of the machine, is 
bound up with capitalism; it originated in the 
very womb of the capitalist order, and the ma­
chine was the strongest weapon for its develop­
ment. Communism has taken over these things 
wholesale from capitalist civilization and made 
a veritable religion of the machine: it worships 
it as a totem. Undoubtedly, since technique has 
created capitalism it may also help to conquer it 
and to create a less unjust social order: it may 
become a mighty arm in the solution of the so­
cial problem. But all will depend on the ques­
tion, which spirit predominates, of which spirit 
man will be. Materialistic communism subor­
dinates the problem of man, as a being com­
posed of soul and body, to the problem of soci­
ety; it is not for man to organize society, but 
for society to organize man. The truth is the 
other way around-primacy belongs to man; it 
is he who has to organize society and the world, 
and its organization is dependent upon his spir­
it. Herc man is taken not as an individual being 
but as a social being with a social vocation to 
fulfill, since only then has he an active and cre­
ative vocation. In our days it is usual to hear 
people, victims of the machine, accuse it, mak­
ing it responsible for their crippling; this only 
humiliates man and does not correspond to his 
dignity. It is not machinery, which is merely 
man's creation and consequently irresponsible, 
that is to be blamed, and it is unworthy to trans-

fer responsibility from man to a machine. Man 

alone is to blame for the awful power that 

threatens him; it is not the machine which has 

despiritualized him-he did it himself. The 

problem has to be transferred from the outward 

to the inward. A limitation of the power of tech­
nique and machinery over human life is a mis­
sion of the spirit; therefore, man has to intensify 

his own spirituality. The machine can become, 

in human hands, a great asset for the conquest 

of the elements of nature on the sole condition 
that man himself becomes a free spirit. A 
wholesale process of dehumanization is going 
on and mechanicism is only the projection of 

this dehumanization. We can see this process in 
the dehumanizing of physical science. It studies 
invisible light rays and inaudible sounds, and 
thereby leads man beyond the limits of his fa­
miliar world of light and sound; Einstein carries 
him beyond the world of space. These discov­
eries have a positive value and witness to the 
strength of human consciousness. Dehumaniza­
tion is a spiritual state, the relation of the spirit 
to man and to the world. 

Christianity liberated man from the bonds of 
the cosmic infinity that enslaved the ancient 
world, from the power of natural spirits and 
demons; it set him upright, strengthened him, 
made him dependent upon God and not upon 
nature. But in the science which became acces­
sible when man emancipated himself from na­
ture, on the heights of civilization and tech­
nique, he discovers the mysteries of cosmic life 
formerly hidden from him and the action of 
energies formerly dormant in the depths of na­
ture. This manifests his power, but it also places 
him in a precarious position in relation to the 
universe. His aptitude for organization disor­
ganizes himself internally, and a new problem 
faces Christianity. Its answer to it presupposes 
a modification of Christian consciousness in the 
understanding of man's vocation in the world. 
The center is in the Christian view of man as 
such, for we can no longer be satisfied by the 
patristic, scholastic, or humanistic anthropolo­
gies. From the point of view of cognition, a 
philosophical anthropology becomes a central 
problem: man and machine, man and organism, 
man and cosmos, are what it has to deal with. In 
working out his historical destiny, man tra­
verses many different stages, and invariably his 
fate is a tragic one. At first he was the slave of 
nature and valiantly fought for his own preser­
vation, independence, and liberty. He created 
culture, states, national units, classes, only to 
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become enslaved by his own creations. Now he 
is entering upon a new period and aims at con­
quering the irrational social forces; he estab­
lishes an organized society and a developed 
technique, but again becomes enslaved, this 
time by the machine into which society and 
himself arc becoming transformed. In new and 
ever newer forms this problem of man's libera­
tion, of his conquest of nature and society, is 
being restated, and it can only be solved by a 
consciousness which will place him above 
them, the human soul above all natural and so­
cial forces. Everything that liberates man has to 
be accepted, and that which enslaves him re­
jected. This truth about man, his dignity and his 
calling, is embodied in Christianity, though 
maybe it has been insufficiently manifested in 
history and often even perverted. The way of 

man's final liberation and realization of his 
vocation is the way to the kingdom of God, 
which is not only that of Heaven but also the 
realm of the transfigured earth, the transfigured 
cosmos. 

NOTES 

1. See his Meditations Sud-Americaines. [This is the
French translation of Hermann Alexander Kcyscrling, 
Sudamerikanische Meditationen (Stuttgart: Deutsche 
Vcrlags-Anstalt, 1932). English translation by the au­
thor and Theresa Duerr, South American Meditations on
Hell and Heaven in the Soul of Man (New York: Harper,
1932).]

2. The important book of Gina Lombroso, La ranc;on du 
machinisme, displays too great a faith in the possibility
of a return to a pre-mechanical civilization. [Berdyaev
refers to the French translation (Paris: Payot, 1931) of 
Le tragedie de! progresso (Torino: Bocca, 1930). En­
glish translation by C. Taylor, The Tragedies o

f 

Prog­
ress (New York: Dutton, 1931).J 
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EXISTENTIAL 

From "My Fellown1an"

.JEAN-PAUL SARTRE 

■ Jean-Paul Same ( 1905-1980) was l)(}m in Paris. A philosopher and a wriler, San re has hlld 1he do111iullnl iuJl11e11ce 
in !he developmelll o/ExisTe111iali.rn1. /11 hi.1· works he expresses ll pllssiona/e i111eres1 in /1111111111 beiug.r. H11111a11 beings
are /<>r him e.ue111iallyfree. They make 1hemselves 1hro11gh 1heir choices in life. His 111ajor work on Ihm Iheme is Ueing 

anc.l Nothingness ( 1943). Sanre.fimi;h1 wi1h rhe French army in 1940 and was cap111red by 1he Germans. This experi­
ence /empered his claims llho111 !he ahso/11/e freedom of'h111111m beings and moved him close 10 a Marx isl 1iosi1iou. His 
work Critique of Dialectic Reason ( 1960) a11empls 10 show The 1111derlyiug harmony be11vee11 Marxi.rn, and Eris1e11-
1iali.rn1. Never/heless, he hm· bern an 011/.\'poken crilic of The French com1111111is1 par!y.

In This rich selec1io11.fi-om Ueing and Nothingness, Sanre speaks of 1he h11111an being's exisTence as inexrricably 
illlenvoveu wilh rech11iq11e. "I 0111 1he e11ds which I have chosen and 1he 1echniq11es which realize 1he111." Thi.r is of 
course reminisce/I/ of !he view o

f 

a nm her exi.\'lelllia!isl, Onega y Cassell. Sar/re adds 1ha1 1101 011/y is 011e's bei11g so 
related to 1echuiq11e, /mt i11Ji1c1 the ex1emal world as it appears to the i11divid1wl is itself111odified 1hro11gh 1ech11iq11es, 
.f<>r ''my J,1c111a/ exi.\'le11ce ... i11vo/1•es 111y apprehe11sio11 of 1he world and of myself 1hro11gh cer1ai111ech11iq11es.'' The 
col/ec1ivi1ie.1· lo which a11 iudivid11al he/oug1· (1u11imwli1y, religion, and profession, among 01her.1) 1he111.1·elves require 
the use of cerlain 1ech11iq11<'S, so 1ha1 "the 011/y posilive \V{[Y IVhich I h{[ve 10 exi.1·1 my ji1c/lwl helongi11g IO These 
col/ec1ivi1ie.1· is the tl.\'e IVhich I cons/{111//y /11{/ke o

f 

1he 1echniques 1Vhich {[ri.w Jim11 !hem." Bur S{[r/re's Jin{[/ 

co11clusio11 is fh(l( \Ve {Ire no/ ens/{[ved hy 1ech11ique; in Ji1c1, 1he only possible found(l(ion of 1echnique is one's 
fi-eedom lo choose. Thus Sar/re disagrees wi1h !hose 1Vho {[rgue Jin· 1ec/1110/ogic{[I de1ermi11i.m1. 

To live in a world haunted by my fellowman 
is not only to be able to encounter the Other at 
every turn of the road; it is also to find myself 
engaged in a world in which instrumental-com­
plexes can have a meaning which my free proj­
ect has not first given to them. It means also that 
in the midst of this world already provided with 
meaning I meet with a meaning which is mine 
and which I have not given to myself, which I 
discover that I "possess already." Thus when 
we ask what the original and contingent fact of 
existing in a world in which "there are" also 
Others can mean for our situation, the problem 
thus formulated demands that we study succes­
sively three layers of reality which come into 
play so as to constitute my concrete situation: 
instruments which arc already meaningful (a 
station, a railroad sign, a work of art, a mo­
bilization notice), the meaning which I discover 
as already 111i11e (my nationality, my race, my 
physical appearance), and finally the Other as a 
center of reference to which these meanings 
refer. 

Everything would be very simple if I be­
longed to a world whose meanings were re­
vealed simply in the light of my own ends. In 
this case I would dispose of things as instru­
ments or as instrumental complexes within the 

0 From Being and No1hi11g11e.u, trans. Hazel E. Uarncs 
(New York: The Citadel Press, 1968), pp. 485-501. Copy­
right© 1968. Published by arrangement with Lyle Stuart. 

limits of my own choice of myself; it is this 
choice which would make of the mountain an 
obstacle difficult to overcome or a spot from 
which to get a good view of the landscape, etc; 
the problem would not be posed of knowing 
what meaning this mountain could have in itself 
since I would be the one by whom meanings 
come to reality in itself. The problem would 
again be very much simplified if I were a monad 
without doors or windows and if I merely knew 
in some way or other that other monads existed 
or were possible, each of them conferring new 
meanings on the things which I see. In this case, 
which is the one to which philosophers have too 
often limited themselves in their inquiry, it 
would be sufficient for me to hold other mean­
ings as possible, and finally the plurality of 
meanings corresponding to the plurality of con­
sciousnesses would coincide very simply for me 
with the possibility always open to me of mak­
ing another choice of myself. But we have seen 
that this monadic conception conceals a hidden 
solipsism precisely because it is going to con­
fuse the plurality of meanings which I can at­
tach to the real and the plurality of meaningful 
systems each one of which refers to a con­
sciousness which I am not. Moreover on the 
level of concrete experience this monadic de­
scription is revealed as inadequate. There ex­
ists, in fact, something in "my" world other 
than a plurality of possible meanings; there 
exist objective meanings which are given to me 
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is not having been brought to light by me. I, by 
whom meanings come to things, I find myself 
engaged in an already meaning.fit! world which 
reflects to me meanings which I have not put 
into it. 

One may recall, for example, the innumera­
ble host of meanings which are independent of 
1ny choice and which I discover if I live in a 
city: streets, houses, shops, streetcars and 
buses, directing signs, warning sounds, music 
on the radio, etc. In solitude, of course, I should 
discover the bmte and unpredictable exis­
tence-this rock, for example-and I should 
limit myself, in short, to making there be a 
rock; that is, that there should be this existent 
here and outside of it nothing. Nevertheless I 
should confer on it its meaning as ''to be 
climbed," "to be avoided," "to be contem­
plated,'' etc. When there were the street 
curves, I discover a building, it is not only a 
bmte existent which I reveal in the world; I 
do not only cause there to be a "this" qualified 
in this or that way; but the meaning of the ob­
ject which is revealed then resists me and re­
rnains independent of me. I discover that the 
property is an apartment house, or a group of 
offices belonging to the Gas Company, or a 
prison, etc. The meaning here is contingent, 
independent of my choice; it is presented with 
the same indifference as the reality of the in-it­
self; it is made a thing and is not distinguished 
from the quality of the in-itself. 1 Similarly the
coefficient of adversity in things is revealed to 
me before being experienced by me. Hosts of 
notices put me on my guard: ''Reduce Speed. 
Dangerous curve," "Slow. School," "Dan­
ger," "Narrow Bridge 100 feet ahead," etc. 
But these meanings while deeply imprinted on 
things and sharing in their indifferent exterior­
ity-at least in appearance-are nonetheless 
indications for a conduct to be adopted, and 
they directly concern me. I shall cross the street 
in the lanes indicated. I shall go into this partic­
ular shop to buy this particular instrument, and 
a page with directions for using it is given to 
buyers. Later I shall use this instrument, a pen, 
for example, to fill out this or that printed form 
under determined conditions. 

Am I not going to find in all this strict limits 
to my freedom? If I do not follow point by point 
the directions furnished by others, I shall lose 
my bearings, I shall take the wrong street, I 
shall miss my train, etc. Moreover these notices 
are most often imperatives: ''Enter here," "Go 
out here.'' Such is the meaning of the words 

"Entrance" and "Exit" painted over door­
ways. I obey. They come to add to the coeffi­
cient of adversity which I cause to be born in 
things, a strictly human coefficient of adversity; 
Furthermore if I submit to this organization, I 
depend on it. The benefits which it provides me 
can cease; come civil disturbance, a war, and 
it is always the items of prime necessity which 
become scarce without my having any hand in 
it. I am dispossessed, arrested in my projects, 
deprived of what is necessary in order for me to 
accomplish my ends. In particular we have ob­
served that directions, instructions, orders, pro­
hibitions, billboards are addressed to me in so 
far as I am just anybody; to the extent that I 
obey them, that I fall into line, I submit to the 
goals of a human reality which is just anybody 
and I realize them by just any techniques. I am 
therefore modified in my own being since I wn 
the ends which I have chosen and the techniques 
which realize them-to any ends whatsoever, to 
any techniques whatsoever, any human reality 
whatsoever. At the same time since the world 
never appears except through the techniques 
which I use, the world-it also-is modified. 
This world, seen through the use which I make 
of the bicycle, the automobile, the train in order 
that I may traverse the world, reveals to me a 
countenance strictly correlative with the means 
which I employ; therefore it is the countenance 
which the world <�ffers to everybody. Evidently 
it must follow, someone will say, that my free­
dom escapes me on every side; there is no 
longer a situation as the organization of a mean­
ingful world around the free choice of my spon­
taneity; there is a state which is imposed upon 
me. It is this problem which we must now ex­
amine. 

There is no doubt that my belonging to an 
inhabited world has the value of afact. It refers 
to the original fact of the Other's presence in the 
world, a fact which, as we have seen, can not 
be deduced from the ontological structure of the 
for-itself. 2 And although this fact only makes
our facticity more deep-rooted, it does not 
evolve from our facticity in so far as the latter 
expresses the necessity of the contingency of 
the for-itself. Rather we must say: the for-itself 
exists in fact; that is, its existence can not be 
identical with a reality engendered in confor­
mity to a law, nor can it be identical with a 
free choice. And among the factual characteris­
tics of this "facticity" -i.e., among those 
which can neither be deduced nor proven but 
which simply "let themselves be seen" -there 
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is one of these which we call the existence-in­
the-world-in-the-presence-of-othcrs. Whether 
this factual characteristic does or does not need 
to be recovered by my freedom in order to be 
efficacious in any manner whatsoever is what 
we shall discuss a little later. Yet the fact re­
mains that on the level of techniques of appro­
priating the world, the very.fact of the Other's 
existence results in the fact of the collective 
ownership of techniques. Therefore facticity is 
expressed on this level by the fact of my ap­
pearance in a world which is revealed to me on­
ly by collective and already constituted tech­
niques which aim at making me apprehend the 
world in a form whose meaning has been de­
fined outside of me. These techniques are going 
to determine my belonging to collectivities: to 
the human race, to the national collectivity, 
to the professional and to the family group. 

It is even necessary to underscore this fact 
further: outside of my being-for-others-of 
which we shall speak later-the only positive 
way which I have to exist my factual belonging 
to these collectivities is the use which I con­
stantly make of the techniques which arise from 
them. Belonging to the human race is defined 
by the use of very elementary and very general 
techniques: to know how to walk, to know how 
to take hold, to know how to pass judgment on 
the surface and the relative size of perceived ob­
jects, to know how to speak, to know how in 
general to distinguish the true from the false, 
etc. But we do not possess these techniques in 
this abstract and universal form: to know how to 
speak is not to know how to pronounce and 
understand words in general; it is to know how 
to speak a certain language and by it to mani­
fest one's belonging to humanity on the level of 
the national collectivity. Moreover to know 
how to speak a language is not to have an ab­
stract and pure knowledge of the language as it 
is defined by academic dictionaries and gram­
mars; it is to make the language one's own 
across the peculiar changes and emphasis 
brought in by one's province, profession, and 
family. Thus it can be said that the reality of our 
belonging to the human is our nationality and 
that the reality of our nationality is our belong­
ing to the family, to the region, to the profes­
sion, etc. in the sense that the reality of speech 
is language and that the reality of language is 
dialect, slang, jargon, etc. And conversely the 
truth of the dialect is the language, the truth of 
the language is speech. This means that the con­
crete techniques by which we manifest our be-

longing to the family and to the locality refer 
us to more abstract and more general structures 
which constitute its meaning and essence; these 
refer to others still more general until we arrive 
at the universal and perfectly simple essence of 
any technique whatsoever by which any being 
whatsoever appropriates the world. 

Thus to be French, for example, is only the 
truth of being a Savoyard. But to be a Savoyard 
is not simply to inhabit the high valleys of 
Savoy; it is, among a thousand other things, to 
ski in the winters, to use the ski as a mode of 
transportation. And precisely, it is to ski ac­
cording to the French method, not that of Ari­
berg or of Norway. :3 But since the mountain 
and the snowy slopes are apprehended only 
through a technique, this is precisely to dis­
cover the French meaning of ski slopes. In fact 
according to whether one will employ the Nor­
wegian method, which is better for gentle 
slopes, or the French method which is better for 
steep slopes, the same slope will appear as 
steeper or more gentle exactly as an upgrade 
will appear as more or less steep to the bicyclist 
according to whether he will ''put himself into 
neutral or low gear." Thus the French skier em­
ploys a French "gear" to descend the ski fields, 
and this ''gear'' reveals to him a particular type 
of slope wherever he may be. This is to say that 
the Swiss or Bavarian Alps, the Telemark, or 
the Jura will always offer to him a meaning, dif­
ficulties, an instrumental complex, or a com­
plex of adversity which are purely French. Sim­
ilarly it would be easy to show that the majority 
of attempts to define the working class amount 
to taking as a criterion production, consumption 
or a certain type of Weltanschauung springing 
out of an inferiority complex (Marx-Halb­
wachs-de Man); that is, in all cases certain tech­
niques for the elaboration or the appropriation 
of the world across which there is offered what 
we shall be able to call the ''proletarian coun­
tenance'' with its violent oppositions, its great 
uniform and desert masses, its zones of shadow 
and its shore� of light, the simple and urgent 
ends which illuminate it. 

Now it is evident that although my belonging 
to a particular class or nation does not derive 
from my facticity as an ontological structure of 
my for-itself, my factual existence-i .e., my 
birth and my place-involves my apprehension 
of the world and of myself through certain tech­
niques. Now these techniques which I have not 
chosen confer on the world its meanings. It ap­
pears that it is no longer I who decide in terms 
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of my ends whether the world appears to me 
with the simple, well-marked oppositions of the 
·'proletarian'' universe or with the innumerable
interwoven nuances of the "bourgeois" world.
Jam not only thrown face to face with the brute
existent. I am thrown into a worker's world, a
French world, a world of Lorraine or the South,
which offers me its meanings without my hav­
ing done anything to disclose them.

Let us look more closely. We showed earlier 
that my nationality is only the truth of my be­
longing to a province, to a family, to a profes­
sional group. But must we stop there? If the lan­
guage is only the truth of the dialect, is the dia­
Ject absolutely concrete reality? Is the profes­
sional jargon as ''they'' speak it, or the Alsatian 
dialect as a linguistic and statistical study en­
�bles us to determine its laws-is this the pri­
mary phenomenon, the one which finds its 
foundation in pure fact, in original contingen­
cy? Linguistic research can be mistaken here; 
statistics bring to light constants, phonetic or 
semantic changes of a given type; they ailow us 
to reconstruct the evolution of a phoneme or a 
morpheme in a given period so that it appears 
that the word or the syntactical rule is an indi­
vidual reality with its meaning and its history. 
And in fact individuals seem to have little in­
fluence over the evolution of language. Social 
facts such as invasions, great thoroughfares, 
commercial relations seem to be the essential 
causes of linguistic changes. But this is because 
the question is not placed on the true level of 
the concrete. Also we find only what we are 
looking for. 

For a long time psychologists have observed 
that the word is not the concrete element of 
speech-not even the word of the dialect or the 
word of the family with its particular variation; 
the elementary structure of speech is the sen­
tence. It is within the sentence, in fact, that the 
word can receive a real function as a designa­
tion; outside of the sentence the word is just a 
propositional function-when it is not a pure 
and simple rubric designed to group absolutely 
disparate meanings. Only when it appears in 
discourse, does it assume a ''holophrastic'' 
character, as has often been pointed out. This 
does not mean that the word can be limited by 
itself to a precise meaning but that it is inte­
grated in a context as a secondary form in a pri­
mary form. The word therefore has only a pure­
ly virtual existence outside of complex and ac­
tive organizations which integrate it. -]t can not 
exist ''in'' a consciousness or an unconscious 

before the use which is made of it: the sentence 
is not made out of words. But we need not be 
content with this. Paulhan has shown in Fleur.\' 
de Tarbes that entire sentences, ''common­
places," do not, any more than words, pre-exist 
the use which is made of them. They are mere 
commonplaces if they are looked at from the 
outside by a reader who recomposes the para­
graph by passing from one sentence to the next, 
but they lose their banal and conventional char­
acter if they are placed within the point of view 
of the author who saw the thh1g to be expressed 
and who attended to the most pressing things 
first by producing an act of designation or re­
creation without slowing down to consider the 
very elements of this act. If this is true, then 
neither the words nor the syntax, nor the 
"ready-made sentences" pre-exist the use 
which is made of them. Since the verbal unity 
is the meaningful sentence, the latter is a con­
structive act which is conceived only by a tran­
scendence which surpasses and nihilates the 
given toward an end. To understand the word in 
the I ight of the sentence is very exactly to un­
derstand any given whatsoever in terms of the 
situation and to understand the situation in the 
light of the original ends. 

To understand a sentence spoken by my com­
panion is, in fact, to understand what he 
''means'' -that is, to espouse his movement of 
transcendence, to throw myself with him to­
ward possibles, toward ends, and to return 
again to the ensemble of organized means so as 
to understand them by their function and their 
end. The spoken language, moreover, is always 
interpreted in terms of the situation. References 
to the weather, to time, to place, to the envi­
ronment, to the situation of the city, of the 
province, of the country are given before the 
word. ·1 It is enough for me to have read the 
papers and to have seen Pierre's healthy appear­
ance and anxious expression in order for me to 
understand the ''Things aren't so good'' with 
which he greets me this morning. It is not his 
health which "is not so good" since he has a 
rosy complexion, nor is it his business nor his 
household; it is the situation of our city or of our 
country. I knew it already. In asking him, 
''How goes it?'', I was already outlining an in­
terpretation of his reply; I transported myself al­
ready to the four corners of the horizon, ready 
to return from there to Pierre in order to under­
stand him. To listen to conversation is to 
''speak with,'' not simply because we imitate 
in order to interpret, but because we originally 
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project ourselves toward the possibles and be­
cause we must understand in tenns o

f 

the world. 
But if the sentence pre-exists the word, then 

we are referred to the ,\peaker as the concrete 
foundation of his speech. A word can indeed 
seem to have a "life" of its own if one comes 
upon it in sentences of various epochs. This bor­
rowed life resembles that of an object in a film 
fantasy; for example, a knife which by itself 
starts slicing a pear. It is effected by the juxta­
position of instantaneities; it is cinematographic 
and is constituted in universal time. But if 
words appear to live when one projects a se­
mantic or morphological film, they are not go­
ing to constitute whole sentences; they are only 
the tracks of the passage of sentences as high­
ways are only the tracks of the passage of pil­
grims or caravans. The sentence is a project 
which can be interpreted only in terms of the 
nihilation of a given (the very one which one 
wishes to designate) in terms of a posited end 
(its designation which itself supposes other ends 
in relation to which it is only a means). If the 
given can not determine the sentence any more 
than the word can, if on the contrary the sen­
tence is necessary to illuminate the given and to 
make the word understandable, then the sen­
tence is a moment of the free choice of myself, 
and it is as such that it is understood by my 
companion. If a language is the reality of 
speech, if a dialect or jargon is the reality of lan­
guage, then the reality of the dialect is the free 
act of designation by which I choose myself as 
designating. And this free act can not be an as-
sernbling of words. To be sure, if it were a pure 
assembling or words in conformity with techni­
cal prescriptions (grammatical laws), we could 
speak of factual limits imposed on the freedom 
of the speaker; these limits would be marked by 
the material and phonetic nature of the words, 
the vocabulary of the language employed, the 
personal vocabulary of the speaker (then words 
which he has at his command), the "spirit of 
the language,'' etc., etc. But we have just 
shown that such is not the case. It has been 
maintained recently that there is a sort of living 
order of words, of the dynamic laws of speech, 
an impersonal life of the logos-in short that 
speech is a Nature and that to some extent man 
must obey it in order to make use of it as he 
does with Nature. 5 But this is because people in 
considering speech frequently will take speech 
that is dead (i.e., already spoken) and infuse 
into it an impersonal life and force, affinities 
and repulsions all of which in fact have been 

borrowed from the personal freedom of the for .. 
itself which spoke. People have made of speech 
a languaMe which speaks all by itself. This is an 
error which should not be made with regard to 
speech or any other technique. If we are to 
make man arise in the midst of techniques 
which are applied all by themselves, of a Ian-­
guage which speaks itself, of a science which 
constructs itself, of a city which builds itself 
according to its own laws, if meanings arc fixed 
in in-itself while we preserve a human tran­
scendence, then the role of man will be reduced 
to that of a pilot employing the determined 
forces of winds, waves, and tides in order to di-­
rect a ship. But gradually each technique in 
order to be directed toward human ends will re-­
quire another technique; for example, to direct a 
boat, it is necessary to speak. Thus we shall 
perhaps arrive at the technique of techniques­
which in turn will be applied by itself-but we 
shall have lost forever the possibility of meet­
ing the technician. 

If on the other hand, it is by speaking that 
we cause words to exist, we do not thereby sup­
press the necesswy technical connections or the 
connections in fact which are articulated inside 
the sentence. Better yet, we found this necessi­
ty. But in order for it to appear, in order for 
words to enter into relations with one another, 
in order for them to latch on to one another or 
repulse one another, it is necessary that they be 
united in a synthesis which does not come from 
them. Suppress this synthetic unity and the 
block which is called ''speech'' disintegrates; 
each word returns to its solitude and at the same 
time loses its unity, being parce1led out among 
various incommunicable meanings. Thus it is 
within the free project of the sentence that the 
laws of speech are organized; it is by speaking 
that I make grammar. Freedom is the only pos­
sible foundation of the laws of language. 

Furthermore, for whonz do the laws of lan­
guage exist? Paulhan has given the essential an­
swer: they arc not for the one who speaks, they 
are for the one who listens. The person who 
speaks is only the choice of a meaning and ap­
prehends the order of the words only in so far as 
he nwkes it. 6 The only relations which he will 
grasp within this organized complex are specif­
ically those which he has established. Conse­
quently if we discover that two ( or several) 
words hold between them not one but several 
defined relations and that there results from this 
a multiplicity of meanings which arc arranged 
in an hierarchy or opposed to each other-all 
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for one and the same sentence-if, in short, we 
discover the "Devil's share," this can be only 
under the two following conditions: (I) The 
words must have been assembled and presented 
by a meaningful rapprochement; (2) this synthe­
sis must be seen from outside -i.e., by The 
Other and in the course of a hypothetical deci­
phering of the possible meanings of this rap­
prochement. In this case, in fact, each word 
grasped first as a square of meaning is bound to 
another word similarly apprehended. And the 
rapprochement will be multi vocal. The appre­
hension of the true meaning (i.e., the one ex­
pressly willed by the speaker) will be able to put 
other meanings in the shade or subordinate 
them, but it will not suppress them. Thus 
speech, which is a free project}<H me, has spe­
cific lawsjt';r others. And these laws themselves 
can come into play only within an original syn­
thesis. 

Thus we can grasp the clear distinction be­
tween the event "sentence" and a natural 
event. The natural fact is produced in conformi­
ty to a law which it manifests but which is a 
purely external rule of production of which the 
considered fact is only one example. The ··sen­
tence" as an event contains within itself the law 
of its organization, and it is inside the free proj­
ect of designating that legal (i.e., grammatical) 
relations can arise between the words. In fact, 
there can be no laws of speaking before one 
speaks. And each utterance is a free project of 
designation issuing from the choice of a per­
sonal for-itself and destined to be interpreted 
in terms of the global situation of this for-itself. 
What is primary is the situation in terms of 
which I understand the rneaning of the sentence; 
this meaning is not in itself to be considered as 
a given but rather as an end chosen in a free sur­
passing of means. Such is the only reality which 
the working linguist can encounter. From the 
standpoint of this reality a regressive analytical 
work will be able to bring to light certain more 
general and more simple structures which are 
like legal schemata. But these schemata which 
would function as laws of dialect, for example, 
arc in themselves abstract. Far from presiding 
over the constitution of the sentence and being 
the mould into which it flows, they exist only 
in and through this sentence. In this sense the 
sentence appears as a free invention of its own 
laws. We find here simply the original charac­
teristic of every situation; it is by its very sur­
passing of the given as such (the linguistic ap­
paratus) that the free project of the sentence 

causes the given to appear as this given (these 
laws of word order and dialectal pronunciation). 
But the free project of the sentence is precisely 
a scheme to assume this given; it is not just any 
assumption but is aimed at a not yet existing end 
across existing means on which it confers their 
exact meaning as a means. 

Thus the sentence is the order of words which 
become these words only by means of their very 
order. This is indeed what linguists and psy­
chologists have perceived, and their embarrass­
ment can be of use to us here as a counter-proof; 
they believed that they discovered a circle in the 
formulation of speaking, for in order to speak it 
is necessary to know one's thought. But how 
can we know this thought as a reality made ex­
plicit and fixed in concepts except precisely by 
speaking it? Thus speech refers to thought and 
thought to speech. But we understand now that 
there is no circle or rather that this circle-from 
which linguists and psychologists believed they 
could escape by the invention of pure psycho­
logical idols such as the verbal image or an im­
ageless, wordless thought-is not unique with 
speech; it is the characteristic of the situation in 
general. It means nothing else but the ekstatic 
connection of the present, the future, and the 
past-that is, the free determination of the exis­
tent by the not-yet-existing and the determina­
tion of the non-yet-existing by the existent. 
Once we have established this fact, it will be 
permissible to uncover abstract operational 
schemata which will stand as the legal truth of 
the sentence: the dialectal schema-the schema 
of the national language-the linguistic schema 
in general. But these schemata far fron1 pre-ex­
isting the concrete sentence are in themselves 
affected with U11selbstiindigkeit and exist al­
ways incarnated and sustained in their very in­
carnation by a freedom. 7 

It must be understood, of course, that speech 
is here only the example of one social and uni­
versal technique. The same would be true for 
any other technique. It is the blow of the axe 
which reveals the axe, it is the hammering 
which reveals the hammer. It will be permissi­
ble in a particular run to reveal the French meth­
od of skiing and in this method the general skill 
of skiing as a human possibility. But this human 
skill is never anything by itself alone; it exists 
only potentially; it is incarnated and manifested 
by the actual and concrete skill of the skier. 
This enables us to outline tentatively a solution 
for the relations of the individual to the race. 
Without the human race, mankind, there is no 
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truth; that is certain. There would remain only 
an irrational and contingent swarming of indi­
vidual choices to which no law could be as­
signed. If some sort of truth exists capable of 
unifying the individual choices, it is the human 
race which can furnish this truth for us. But if 
the race is the truth of the individual, it can not 
be a iiven in the individual without profound 
contradiction. As the laws of speech are sus­
tained by and incarnated in the concrete free 
project of the sentence, so the human race (as 
an ensemble of peculiar techniques to define the 
activity of men) far from pre-existing an indi­
vidual who would manifest it in the way that 
this particular fall exemplifies the law of falling 
bodies, is the ensemble of abstract relations 
sustained by the free individual choice. The for­
itself in order to choose itself as a person effects 
the existence of an internal organization which 
the for-itself surpasses toward itself, and this in­
ternal technical organization is in it the national 
or the human. 

Very well, someone will say. But you have 
dodged the question. For these linguistic or­
ganizations or techniques have not been created 
by the for-itself so that it may find itself; it has 
got them from others. The rule for the agree­
ment of participles does not exist, I admit, out­
side of the free rapprochement of concrete par­
ticiples in view of an end with a particular des­
ignation. But when I employ this rule, I have 
learned it from others; it is because others in 
their personal projects cause it to be that I make 
use of it myself. My speech is then subordinated 
to the speech of others and ultimately to the na­
tional speech. 

We should not think of denying this fact. For 
that matter our problem is not to show that the 
for-itself is the free foundation of its being; the 
for-itself is free but in condition, and it is the re­
lation of this condition to freedom that we arc 
trying to define by making clear the meaning of 
the situation. What we have just established, in 
fact, is only a part of reality. We have shown 
that the existence of meanings which do not 
emanate from the for-itself can not constitute an 
external limit of its freedom. As a for-itself 
one is not man first in order to be oneself subse­
quently and one does not constitute oneself as 
oneself in terms of a human essence given 
a priori. Quite the contrary, it is in its effort to 
choose itself as a personal self that the for-itself 
sustains in existence certain social and abstract 
characteristics which make of it a ,nan (or a 
woman); and the necessary connections which 

accompany the essential clements of man ap­
pear only on the foundation of a free choice; in 
this sense each for-itself is responsible in its be­
ing for the existence of a human race. But it is 
necessary for us again to stress the undeniable 
fact that the for-itself can choose itself only be­
yond certain meanings of which it is not the ori­
gin. Each for-itself, in fact, is a for-itself only 
by choosing itself beyond nationality and race 
just as it speaks only by choosing the designa­
tion beyond the syntax and morphemes. This 
"beyond" is enough to assure its total indepen­
dence in relation to the structures which it sur­
passes; but the fact remains that it constitutes 
itself as beyond in relation to these particular 
structures. What does this mean? It means that 
the for-itself arises in a world which is a world 
for other for-itselfs. Such is the given. And 
thereby, as we have seen, the meaning of the 
world is alien to the for-itself. This means sim­
ply that each man finds himself in the presence 
of meanings which do not come into the world 
through him. He arises in a world which is 
given to him as already looked-at, furrowed, 
explored, worked over in all its meanings, and 
whose very contexture is already defined by 
these investigations. In the very act by which he 
unfolds his time, he temporalizes himself in a 
world whose temporal meaning is already de­
fined by other temporalizations: this is the fact 
of simultaneity. We are not dealing here with a 
limit of freedom; rather it is in this world that 
the for-itself must be free; that is, it must choose 
itself by taking into account these circumstances 
and not ad libitwn. But on the other hand, the 
for-itself-i .e., man-in rising up does 110! 

merely stiffer the Other's existence; he is com­
pelled to make the Other's existence manifest to 
himself in the form of a choice. For it is by a 
choice that he will apprehend the Other as The­
Othcr-as-subjcct or as The-Other-as-object. 8 In­
asmuch as the Other is for him the Other-as-a­
look, there can be no question of techniques or 
of foreign meanings; the for-itself experiences 
itself as an object in the Universe beneath the 
Other's look. But as soon as the for-itself by 
surpassing the Other toward its ends makes of 
him a transcendence-transcended, that which 
was a free surpassing of the given toward ends 
appears to it as meaningful, given conduct in 
the world (fixed in in-itself ). The Other-as-ob­
ject becomes an indicator of ends and by its 
own free project, the For-itself throws itself into 
a world in which conducts-as-objects designate 
ends. Thus the Other's presence as a tran-
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scendcd transcendence reveals given complexes 
of means to ends. And as the end decides the 
means and the means the end by its upsurge in 
the face of the Other-as-object, the For-itself 
causes ends in the world to be indicated to it­
self; it comes into a world peopled by ends. But 
if consequently the techniques and their ends 
arise in the look of the For-itself, we must nec­
essarily recognize that it is by means of the free 
assumption of a position by the For-itself con­
fronting the Other that they become techniques. 
The Other by himself alone can not cause these 
projects to be revealed to the For-itself as tech­
niques; and due to this fact there exists for the 
Other in so far as he transcends himself toward 
his possibles, 110 technique but a concrete doing 
which is defined in terms of his individual end. 
The shoe-repairer who puts a new sole on a shoe 
does not experience himself as "in the process 
of applying a technique;'' he apprehends the sit­
uation as demanding this or that action, that par­
ticular piece of leather, as requiring a hammer, 
etc. The For-itself as soon as it assumes a posi­
tion with respect to the Other, causes techniques 
to arise in the world as the conduct of the Other 
as a transcendence-transcended. It is at this 
moment and at this moment only that there ap­
pear in the world-bourgeois and workers, 
French and Germans, in short, men. 

Thus the For-itself is responsible for the fact 
that the Other's conduct is revealed in the world 
as techniques. The for-itself can not cause the 
world in which it arises to be furrowed by this 
or that particular technique (it can not make it­
self appear in a world which is 4 4Capitalistic'' or 
"governed by a natural economy" or in a ·'par­
asitic civilization"), but it causes that which is 
lived by the Other as a free project to exist out­
side as technique; the for-itself achieves this 
precisely by making itself the one by whom an 
outside comes to the Other. Thus it is by choos­
ing itself and by historicizing itself in the world 
that the For-itself historicizcs the world itself 
and causes it to be dated by its techniques. 
Henceforth, precisely because the techniques 
appear as objects, the For-itself can choose to 
appropriate them. By arising in a world in 
which Pierre and Paul speak in a certain way, 
stick to the right when driving a bicycle or a 
car, etc., and by constituting these free patterns 
of conduct into meaningful objects, the For-it­
self is responsible for the fact that there is a 
world in which they stick to the right, in which 
they speak French, etc. It causes the internal 
laws of the Other's act, which were originally 

founded and sustained by a freedom engaged in 
a project, to become now objective rules of the 
conduct-as-object; and these rules become uni­
versally valid for all analogous conduct, while 
the supporter of the conduct or the agent-as-ob­
ject becomes simply anybody. This historiza­
tion, which is the effect of the for-itself's free 
choice, in no way restricts its freedom; quite the 
contrary, it is in this world and no other that its 
freedom comes into play; it is in connection 
with its existence in this world that it puts itself 
into question. For to be free is not to choose the 
historic world in which one arises-which 
would have no meaning-but to choose oneself 
in the world whatever this may be. 

In this sense it would be absurd to suppose 
that a certain state of techniques is restrictive 
to human possibilities. Of course a contempo­
rary of Duns Scotus is ignorant of the use of the 
automobile or the airplane; but he appears as 
ignorant to us and only from our point of view 
because we privately apprehend him in terms of 
a world where the automobile and the airplane 
exist. For him, who has no relation of any kind 
with these objects and the techniques which re­
fer to them, there exists a kind of absolute, un­
thinkable, and undecipherable nothingness. 
Such a nothingness can in no way limit the 
For-itself which is choosing itself; it can not be 
apprehended as a lack, no matter how we con­
sider it. The For-itself which historicizes itself 
in the time of Duns Scotus therefore nihilates 
itself in the heart of a fullness of being-that is, 
of a world which like ours is everything whh·h 
it can be. It would be absurd to declare that 
the Albigenscs lacked heavy artillery to use in 
resisting Simon de Montfort; for the Seigneur 
de Trencavel or the Comte de Toulouse chose 
themselves such as they were in a world in 
which artillery had no place; they viewed poli­
tics in that world; they made plans for military 
resistance in that" world; they chose themselves 
as sympathizers with the Cathari in that world; 
and as they were only what they chose to be, 
they were absolutely in a world as absolutely 
full as that of the Panzer-divisionen or of the 
R.A.F. 

What is true for material techniques applies 
as well to more subtle techniques. The fact of 
existing as a petty noble in Languedoc at the 
time of Raymond VI is not detennining if it is 
placed in the feudal world in which this lord ex­
ists and :.-.. which he chooses himself. It appears 
as privative only if we commit the error of con­
sidering this division of Francia and of the Midi 
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from the actual point of view of French unity. 
The feudal world offered to the vassal 1ord of 
Raymond VI infinite possibilities of choice; we 
do not possess more. A question just as absurd 
is often posited in a kind of utopian dream: 
what would Descartes have been if he had 
known of contemporary physics? This is to sup­
pose that Descartes possesses an a priori nature 
more or less I imited and altered by the state of 
science in his time and that we could transport 
this brnte nature to the contemporary period in 
which it would react to more extensive and 
more exact knowledge. But this is to forget that 
Descartes is what he has chosen to be, that 
he is an absolute choice of himself from the 
standpoint of a world of various kinds of knowl­
edge and of techniques which this choice both 
assumes and iiluminates. Descartes is an abso­
lute upsurge at an absolute date and is perfectly 
unthinkable at another date, for he has made his 
date by making himself. It is he and not anoth­
er who has determined the exact state of the 
mathematical knowledge immediately before 
him, not by an empty inventory which would be 
made from no point of view and would be re­
lated to no axis of coordination, but by estab- · 
lishing the principles of analytical geometry­
that is, by inventing precisely the axis of coordi­
nates which would permit us to define the state 
of this knowledge. Here again it is free inven­
tion and the future which enable us to illuminate 
the present; it is the perfecting of the technique 
in view of an end which enables us to evaluate 
the state of the technique. 

Thus when the For-itself affirms itself in the 
face of the Other-as-object, by the same stroke 
it reveals techniques. Consequently it can ap­
propriate them-that is, interiorize them. But 
suddenly there are the following consequences: 
( 1) By employing a technique, the For-itself
surpasses the technique toward its own end; it is
always beyond the technique which it employs.
(2) The technique which was originally a pure,
meaningful conduct fixed in some Other-as-ob­
ject, now, because it is interiorizcd, loses its
character as a technique and is integrated purely
and simply in the free surpassing of the given
toward ends; it is recovered and sustained by
the freedom which founds it exactly as dialect
or speech is sustained by the free project of the
sentence. Feudalism as a technical relation be­
tween man and man does not exist; it is only a
pure abstract, sustained and surpassed by the
thousands of individual projects of a particular
man who is a liege in relation to his lord. By

this we by no means intend to arrive at a sort of 
historical nominalism. We do not mean that 
feudalism is the sum of the relations of vassals 
and suzerains. On the contrary, we hold that it 
is the abstract structure of these relations; every 
project of a man of this time must be realized as 
a surpassing toward the concrete of this abstract 
moment. It is therefore not necessary to gener­
alize in terms of numerous detailed experiences 
in order to establish the principles of the feudal 
technique; this technique exists necessarily and 
completely in each individual conduct, and it 
can be brought to light in each case. But it is 
there only to be surpassed. In the same way the 
For-itself can not be a person-i.e., choose the 
ends which it is-without being a man or 
woman, a member of a national collectivity, of 
a class, of family, etc. But these are abstract 
stmctures which the For-itself sustains and sur­
passes by its project. It makes itself French, a 
man of a southern province, a workman to order 
to be itself at the horizon of these determina­
tions. Similarly the world which is revealed to 
the For-itself appears as provided with certain 
meanings correlative with the techniques 
adopted. It appears as a world-for-the-French­
man, a world-for-the-worker, etc., with all the 
characteristics which would be expected. But 
these characteristics do not possess Selbstiindig­
keit. The world which allows itself to be re­
vealed as French, proletarian, etc., is before all 
else a world which is illuminated by the For-it­
self 's own ends, its own world. 

Nevertheless the Other's existence brings a 
factual limit to my freedom. This is because of 
the fact that by means of the upsurge of the 
Other there appear certain determinations which 
I am without_having chosen them. Here I am­
Jew, or Aryan, handsome or ugly, one-armed, 
etc. All this J amfor the Other with no hope of 
apprehending this meaning which I have outside 
and, still more important, with no hope of 
changing it. Speech alone will inform me of 
what I am; again this will never be except as 
the object of an empty intention; any intuition 
of it is forever. denied me. If my race or my 
physical appearance were only an image in the 
Other or the Other's opinion of me, we should 
soon have done with it; but we have seen that 
we are dealing with objective characteristics 
which define me in my being-for-others. As 
soon as a freedom other than mine arises con­
fronting me, I begin to exist in a new dimen­
sion of being; and this time it is not a question 
of my conferring a meaning on brute existents 
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or of accepting responsibility on my own ac­
count for the meaning which Others have con-

. ferred on certain objects. It is I myself who see 
a meaning conferred upon me, and I do not 
have the recourse of accepting the responsibil­
ity for this meaning which I have since it can 
not be given to me except in the form of an 
empty indication. Thus something of myself­
according to this new dimension-exists in the 
manner of the given; at leastj(1r me, since this 
being which I am is suffered, it is without being
existed. I learn of it and suffer it in and through 
the relations which I enter into with others, in 
and through their conduct with regard to me. I 
encounter this being at the origin of a thousand 
prohibitions and a thousand resistances which I 
bump up against at each instant: Because I am a 
minor l shall not have this or that privilege. 
Because/ am a Jew I shall be deprived-in cer­
tain societies-of certain possibilities, etc. Yet 
I am unable in any way to feel myself as a Jew 
or as a minor or as a Pariah. It is at this point 
that I can react against these interdictions by de­
claring that race, for example, is purely and 
simply a collective fiction, that only individuals 
exist. Thus here I suddenly encounter the total 
alienation of my person: I am something which 
I have not chosen to be. What is going to be the 
result of this for the situation? 

We must recognize that we have just encoun­
tered a real limit to our freedom-that is, a way 
of being which is imposed on us without our 
freedom being its foundation. Still it is neces­
sary to understand this: the limit imposed does 
not come from the action of others. In a preced­
ing chapter we observed that even torture does 
not dispossess us of our freedom; when we give 
in, we do so freely. In a more general way the 
encounter with a prohibition in my path ("No 
Jews allowed here," or "Jewish restaurant. No 
Aryans allowed," etc.) refers us to the case 
considered earlier ( collective techniques), and 
this prohibition can have meaning only on and 
through the foundation of my free choice. In 
fact according to the free possibilities which I 
choose, I can disobey the prohibition, pay no 
attention to it, or, on the contrary, confer upon 
it a coercive value which it can hold only be­
cause of the weight which I attach to it. Of 
course the prohibition fully retains its char­
acter as an "emanation from an alien will;" of 
course it has for its specific structure the fact 
of taking ,ne for an object and thereby mani­
festing a transcendence which transcends me. 
Still the fact remains that it is not incarnated 

in ,ny universe, and it loses its peculiar force of 
compulsion only within the limits of my own 
choice and according to whether under any cir­
cumstances I prefer life to death or whether, on 
the contrary, I judge that in certain particular 
cases death is preferable to certain kinds of life, 
etc. The true limit of my freedom lies purely 
and simply in the very fact that an Other appre­
hends me as the Other-as-object and in that sec­
ond corollary fact that my situation ceases for 
the Other to be a situation and becomes an ob­
jective form in which I exist as an objective 
structure. It is this alienating process of making 
an object of my situation which is the con­
stant and specific limit of my situation, just 
as the making an object of my being-for-itself 
in being-for-others is the limit of my being. 
And it is precisely these two characteristic lim­
its which represent the boundaries of my free­
dom. 

In short, by the fact of the Other's existence, 
I exist in a situation which has an outside and 
which due to this very fact has a dimension of 
alienation which I can in no way remove 
from the situation any more than I can act di­
rectly upon it. This limit to my freedom is, as 
we see, posited by the Other's pure and simple 
existence-that is, by the fact that my tran­
scendence exists for a transcendence. Thus we 
grasp a truth of great importance: we saw 
earlier, keeping ourselves within the compass of 
existence-for-itself, that only my freedom can 
limit my freedom; we see now, when we in­
clude the Other's existence in our considera­
tions, that my freedom on this new level finds 
its limits also in the existence of the Other's 
freedom. Thus on whatever level we place our­
selves, the only limits which a freedom can en­
counter are found in freedom. Just as thought 
according to Spinoza can be limited only by 
thought, so freedom can be limited only by free­
dom. Its limitation as internal finitude stems 
from thejlzct that ·it can not not-be freedom­
that is, it is condemned to be free; its limitation 
as external finitude stems from thej(1ct that be­
ing freedom, it is for other freedoms, freedoms 
which freely apprehend it in the light of their 
own ends. 
NOTES 

1. The in-itself is that which is what it is. Ortega, in the 
first selection by him in Part Two, explains it as that 
which is given its existence, like the stone or the plant 
[ed. note]. 

2. The for-itself is that which is not what it is, and is what 
it is not. Ortega explains it as that which is given the 
abstract possibility of existence, but not the reality-like 
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man, who is a project, something which is not yet but 
aspires to be [ed. note]. 

3. This is a simplification: There arc inlluences and inter­
ferences in the matter of technique; the Arlberg method 
has been prevalent with us for a long time. The reader 
will easily be able to re-establish the facts in their com­
plexity. 

4. We are intentionally oversimplifying. There are inllu­
enccs and interferences. Uut the reader will be able to 
re-establish the facts in their complexity. (The French 
text does not indicate whether this footnote belongs with 
this sentence or with a sentence in the preceding para­
graph. The exact position can hardly be important. Tr.) 

EXISTENTIAL 

The stages of technology 
JOSE ORTEGA Y GASSET 

5. Uricc-Parain: Es.rni sur le logos platonicien. 
6. I am simplifying: one can also learn one's own thought 

from one's sentence. Uut this is because it is possible to 
a certain extent to adopt with respect to the sentence the 
point of view of the Other-exactly as in the case of 
one's own body. 

7. "Unselbst1indigkeit" may be translated here as "in­
completeness" or "the lack of independence." (ed. 
note). 

8. We shall see later that the prohlem is more complex. 
But these remarks are sufficient for the present. 

• Ortega prese111.1· in this selection u three-.,wie the01y o
f 

the evolution of technology. He rejects offhand the ap­
pe<11w1ce of' invemirm.,· as a cri1erio11 Jiir the demar('(llion of these .rwges. /11.wead, he proposes wh111 w1w11111.1· to 

a theory o
f 

1he evolution o
f 

111011'.1· co11.1·ciou.rness o
f 

hi.I" re/a1io11 to technology. The relation ascem/.1· .fi"om 1he 1111-

conscious level-1ha1 is, the level m which 111a11 is u11111vt1re of his technological abilities-a// the way to the fully 
rnnscious level, at which he is completely mvare o

f 

hi.,· rechnoloiica/ abilities. 

The first level is a pri111itive swge characterized by "the technolol{y of chance." /11 this stage man does 1101 con­
ceive of himself a.1· homo faber; thus "all primitive technoloiy .rnwck.1· <!f'maiic.'' This staie is .1·11cceeded by a tra11si-
1io11a/ one clwracterizt•d by the "tec/rnoloiy of tire crajisman." In this stage man is uware of technological abili­

ties a.1· gi.fis grn111ed to crajismen who make themjii/l-ti111e jobs. In the highest swge, characterized by the "tech110/ogy 

of the technician," man realizes 1/wt hi.1· tech110/ogi('(I/ abilities belong to hi111 a.1· h11111an being, not to nature and 
not to a select group of crajis111e11. ffr realizes that they are "a source <if' practi('(l/ly 1111/imited h11111a11 activity." 

0/'lel{a nevertheless issues the following warning: ''Tec/rnoloiy ji,r all its being a prac1ica//y 1111/imited capaci1y 
will irretrievably empty the lfre.1· o

f 

those who ure resolved to stake eve,ythi11g 011 their faith in it and it a/011e.'' 

TECHNOLOGY OF CHANCE 

The subject is difficult. It took me some 
time to decide upon the principle best suited 
to distinguish periods of technology. I do not 
hesitate to reject the one readiest to hand, viz., 
that we should divide the evolution according 
to the appearance of certain momentous and 
characteristic inventions. All I have said in 
this essay aims to correct the current error of 
regarding such or such a definite invention as 
the thing which matters in technology. What 
really matters and what can bring about a fun­
damental advance is a change in the general 
character of technology. No single invention 
is of such caliber as to bear comparison with 

D Selection is reprinted from · 'f/istory /Is a System" 
mu/ Other I,.1·.\'(/y.1· Toward a Philo.wphy of flis1ory, 
by Jose Ortega Y Gasset, with the permission of W.W. 
Norton & Company, Inc. Translated by Helene Weyl. 
Copyright 1941, © 196 I by W.W. Norton & Company, 
Inc. 

the tremendous mass of the integral evolution. 
We have seen that magnificient advances have 
been achieved only to be lost again, whether 
they disappeared completely or whether they 
had to be rediscovered. 

Nay more, an invention may be made some­
time and somewhere and still fail to take on 
its true technical significance. Gunpowder and 
the printing press, unquestionably two dis­
coveries of great pith and moment, were 
known in China for centuries without being 
of much use. It is not before the fifteenth cen­
tury in Europe that gunpowder and the printing 
press, the former probably in Lombardy, the 
latter in Germany, became historical powers. 
With this in view, when shall we say they were 
invented? No doubt, they grew effective in 
history only when they appeared incorporated 
in the general body of late medieval technol­
ogy, serving the purposes of the program of 
life operative in that age. Firearms and the 
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printing press are contemporaries of the com­
pass. They al I bear the same marks, so charac­
teristic, as we shall shortly see, of that hour 
between Gothic and Renaissance, the scientific 
endeavors of which culminated in Copernicus. 
The reader will observe that, each in its own 
manner, they establish contact between man 
and things at a distance from him. They be­
long to the instruments of the actio in dis­

tans, which is at the root of modem technol­
ogy. The cannon brings distant armies into 
immediate touch with each other. The compass 
throws a bridge between man and the cardinal 
points. The printing press brings the solitary 
writer into the presence of the infinite orbit 
of possible readers. 

The best principle of delimiting periods in 
technical evolution is, to my judgment, fur­
nished by the relation between man and tech­
nology, in other words by the conception which 
man in the course of history held, not of 
this or that particular technology but of the 
technical function as such. In applying this 
principle we shall see that it not only clarifies 
the past, but also throws light on the question 
we have asked before: how could modern tech­
nology give birth to such radical changes, and 
why is the part it plays in human life unparal­
leled in any previous age? 

Taking this principle as our point of de­
parture we come to discern three main periods 
in the evolution of technology: technology 
of chance; technology of the craftsman; tech­
nology of the technician. 

What I call technology of chance, because 
in it chance is the engineer responsible for 
the invention, is the primitive technology of 
pre- and protohistoric man and of the con­
temporary savage, viz., of the least-advanced 
groups of mankind-as the Vedas in Ceylon, 
the Semang in Borneo, the pigmies in New 
Guinea and Central Africa, the Australian Ne­
groes, etc. 

How does primitive man conceive tech­
nology? The answer is easy. He is not aware 
of his technology as such; he is unconscious 
of the fact that there is among his faculties 
one which enables him to refashion nature 
after his desires. 

The repertory of technical acts at the com­
mand of primitive man is very small and does 
not form a body of sufficient volume to stand 
out against, and be distinguished from, that 
of his natural acts, which is incomparably 
more important. That is to say, primitive man 

is very little man and almost all animal. His 
technical acts are scattered over and merged 
into the totality of his natural acts and ap­
pear to him as part of his natural life. He finds 
himself with the ability to light a fire as he 
finds himself with the ability to walk, swim, 
use his arms ... His natural acts are a given 
stock fixed once and for all; and so are his tech­
nical. It does not occur to him that technol­
ogy is a means of virtually unlimited changes 
and advances. 

The simplicity and scantiness of these pris­
tine technical acts account for their being ex­
ecuted indiscriminately by all members of the 
community, who all light fires, carve bows 
and arrows, and so forth. The one differen­
tiation noticeable very early is that women 
perform certain technical functions and men 
certain others. But that does not help primi­
tive man to recognize technology as an iso­
lated phenomenon. For the repertory of natural 
acts is also somewhat different in men and 
women. That the woman should plow the 
field-it was she who invented agriculture­
appears as natural as that she should bear the 
children. 

Nor does technology at this stage reveal 
its most characteristic aspect, that of inven­
tion. Primitive man is unaware that he has 
the power of invention; his inventions are not 
the result of a premeditated and deliberate 
search. He does not look for them; they seem 
rather to look for him. In the course of his 
constant and fortuitous manipulation of objects 
he may suddenly and by mere chance come 
upon a new useful device. While for fun or 
out of sheer restlessness he rnbs two sticks 
together a spark springs up, and a vision of 
new connections between things will dawn 
upon him. The stick, which hitherto has served 
as weapon or support, acquires the new aspect 
of a thing pro�ucing fire. Our savage will be 
awed, feeling that nature has inadvertently 
loosed one of its secrets before him. Since 
fire had always seemed a godlike power, 
arousing religious emotions, the new fact is 
prone to take on a magic tinge. All primitive 
technology smacks of magic. In fact, magic, as 
we shall shortly see, is nothing but a kind 
of technology, albeit a frustrated and illusory 
one. 

Primitive man does not look upon himself 
as the inventor of his inventions. Invention 
appears to him as another dimension of na­
ture, as part of nature's power to furnish him-
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nature furnishing man, not man nature-with 
certain novel devices. He feels no more re­
sponsible for the production of his implements 
than for that of his hands and feet. He does 
not conceive of himself as honw Jaber. He 
is therefore very much in the same situation 
as Mr. Kochler's monkey when it suddenly 
notices that the stick in his hands may serve 
an unforeseen purpose. Mr. Koehler calls this 
the "aha-impression" after the exclamation of 
surprise a man utters when coming upon a 
startling new relation between things. It is ob­
viously a case of the biological law of trial 
and error applied to the mental sphere. The 
infusoria ''try'' various movements and even­
tually find one with favorable effects on them 
which they consequently adopt as a function. 

The inventions of primitive man, being, 
as we have seen, products of pure chance, will 
obey the laws of probability. Given the num­
ber of possible independent combinations of 
things, a certain possibility exists of their pre­
senting themselves some day in such an ar­
rangement as to enable man to see preformed 
in them a future implement. 

TECHNOLOGY AS CRAFTSMANSHIP­

TECHNOLOGY OF THE TECHNICIAN 

We come to the second stage, the technol­
ogy of the artisan. This is the technology of 
Greece, of preimperial Rome, and of the Mid­
dle Ages. Here are in swift enumeration some 
of its essential features. 

The repertory of technical acts has grown 
considerably. But-and this is important-a 
crisis and setback, or even the sudden dis­
appearance of the principal industrial arts, 
would not yet be a fatal blow to material life 
in these societies. The life people lead with 
all these technical comforts and the life they 
would have to lead without them are not so 
radically different as to bar, in case of failure 
or checks, retreat to a primitive or almost prim­
itive existence. The proportion between the 
technical and the nontechnical is not yet 
such as to make the former indispensable for 
the supporting of life. Man is still relying main­
ly on nature. At least, and that is what matters, 
so he himself feels. When technical crises 
arise he docs therefore not realize that they 
will hamper his life, and consequently fails 
to meet them in time and with sufficient en­
ergy. 

Having made this reservation we may now 
state that technical acts have by this time enor-

mously increased both in number and in com­
plexity. It has become necessary for a definite 
group of people to take them up systematica1ly 
and make a full-time job of them. These peo­
ple are the artisans. Their existence is bound 
to help man become conscious of technology 
as an independent entity. He secs the crafts­
man at work-the cobbler, the blacksmith, 
the mason, the saddler-and therefore comes 
to think of technology in terms and in the 
guise of the technician, the artisan. That is 
to say, he does not yet know that there is tech­
nology, but he knows that there are techni­
cians who perform a peculiar set of activities 
which are not natural and common to all 
men. 

Socrates in his stmggle, which is so appall­
ingly modern, with the people of his time be­
gan by trying to convince them that tech­
nology is not the same as the technician, that 
it is an abstract entity of its own not to be mixed 
up with this or that concrete man who pos­
sesses it. 

At the second stage of technology every­
body knows shoemaking to be a skill peculiar 
to certain men. It can be greater or smaller 
and suffer slight variations as do natural skills, 
running for instance, or swimming or, better 
stiII, the flying of a bird, the charging of a 
bull. That means shoemaking is now recog­
nized as exclusively human and not natural, 
i.e., animal; but it is still looked upon as a
gift granted and fixed once and for all. Since
it is something exclusively human it is extra­
natural, but since it is something fixed and
limited, a definite fund not admitting of sub­
stantial amplification, it partakes of nature;
and thus technology belongs to the nature of
man. As man finds himself equipped with
the unexchangeable system of his bodily move­
ments, so he finds himself equipped with the
fixed system of the "arts." For this is the name
technology bears in nations and epochs living
on the technical level in question; and this is
the original meaning of the Greek word techne.

The way technology progresses might dis­
close that it is an independent and, in principle, 
unlimited function. But, oddly enough, this 
fact becomes even less apparent in this than 
in the primitive period. After aII, the few prim­
itive inventions, being so fundamental, must 
have stood out melodramatically against the 
workaday routine of animal habits. But in 
craftsmanship there is no room whatever for 
a sense of invention. The artisan must learn 
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thoroughly in long apprenticeship-it is the 
time of masters and apprentices-elaborate 
usages handed down by long tradition. He 

is governed by the norm that man must bow 
to tradition as such. His mind is turned to­
wards the past and closed to novel possi­
bilities. He follows the established routine. 
even such modifications and improvements 
as may be brought about in his craft through 
continuous and thercf ore imperceptible shifts 

present themselves not as fundamental novel­
ties, but rather as differences of personal style 
and skill. And these styles of certain masters 
again will spread in the forms of schools and 
thus retain the outward character of tradition. 

We must mention another decisive reason 
why the idea of technology is not at this time 
separated from the idea of the person who prac­
tices it. Invention has as yet produced only 
tools and not machines. The first machine in 
the strict sense of the word-and with it I an­
ticipate the third period-was the weaving 
rnachine set up by Robert in 1825. It is the 
first machine because it is the first tool that 
works by itself, and by itself produces the ob­
ject. Herewith technology ceases to be what 
it was before, handiwork, and becomes 
rnechanica] production. In the crafts the tool 
works as a complement of man; man with his 
natural actions continues to be the principal 
agent. In the machine the tool comes to the 
fore, and now it is no longer the machine that 
serves man but man who waits on the machine. 
Working by itself, emancipated from man, the 
machine, at this stage, finaliy reveals that tech­
nology is a function apart and highly inde­
pendent of natural man, a function which 
reaches far beyond the bounds set for him. 
What a man can do with his fixed animal ac­
tivities we know beforehand; his scope is 
limited. But what the machine man is capable 
of inventing may do, is in principle unlim­
ited. 

One more feature of craftsmanship remains 
to be mentioned which helps to conceal the 
true character of technology. I mean this: tech­
nology implies two things. First, the invention 
of a plan of activity, of a method or pro­
cedure-mechane, said the Greeks-and, sec­
ondly, the execution of this plan. The former 
is technology strictly speaking, the latter con­
sists merely in handling the raw material. 
In short, we have the technician and the worker 
who between them, performing very different 
functions, discharge the technical job. The 

craftsman is both technician and worker; and 
what appears first is a man at work with his 
hands, and what appears last, if at all, is the 
technology behind him. The dissociation of the 
artisan into his two ingredients, the worker and 
the technician, is one of the principal symptoms 
of the technology of the third period. 

We have anticipated some of the traits of · 
this technology. We have called it the tech­
nology of the technician. Man becomes clearly 
aware that there is a capacity in him which 
is totally different from the immutable activ­
ities of his natural or animal part. He realizes 
that technology is not a haphazard discovery, 
as in the primitive period; that it is not a given 
and limited skill of some people, the artisans, 
as in the second period; that it is not this or 
that definite and therefore fixed ··art"; but 
that it is a source of practically unlimited 
human activity. 

This new insight into technology as such 
puts man in a situation radically new in his 
whole history and in a way contrary to all he has 
experienced before. Hitherto he has been con­
scious mainly of all the things he is unable 
to do, i.e., of his deficiencies and limitations. 
But the conception our time holds of tech­
nology-let the reader reflect a moment on his 
own-places us in a really tragicomic situation. 
Whenever we imagine some utterly extrava­
gant feat, we catch ourselves in a feeling al­
most of apprehension lest our reckless dream­
say a voyage to the stars-should come true. 
Who knows but that tomorrow morning's paper 
will spring upon us the news that it has been 
possible to send a projectile to the moon by 
imparting to it a speed great enough to over­
come the gravitational attraction. That is to say, 
present-day man is secretly frightened by his 
own omnipotence. And this may be another 
reason why he does not know what he is. For 
finding himself in principle capable of being 
almost anything makes it all the harder for him 
to know what he actually is. 

In this connection I want to draw attention 
to a point which does not properly belong here, 
that technology for all its being a practically 
unlimited capacity wilI irretrievably empty the 
lives of those who are resolved to stake every­
thing on their faith in it and it alone. To be 
an engineer and nothing but an engineer means 
to be potentially everything and actually noth­
ing. Just because of its promise of unlimited 
possibilities technology is an empty form like 
the most formalistic logic and is unable to de-
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tcrmine the content of life. That is why our 
time, being the most intensely technical, 1s 
also the emptiest in all human history. 

RELATION BETWEEN MAN AND 
TECHNOLOGY IN OUR TIME-THE 
ENGINEER IN ANTIQUITY 

This third stage of technical evolution, which 
is our own, is characterized by the following 
features: 

Technical acts and achievements have in­
creased enormously. Whereas in the Middle 
Ages-the era of the artisan-technology and 
the nature of man counter-balanced each other 
and the conditions of life made it possible to 
benefit from the human gift of adapting na­
ture to man without denaturalizing man, in our 
time the technical devices outweigh the natural 
ones so gravely that material life would be 
flatly impossible without them. This is no man­
ner of speaking, it is the literal truth. In The 
Revolt of the Masses l drew attention to the 
most noteworthy fact that the population of 
Europe between 500 and 1800 A.D., i.e., for 
thirteen centuries, never exceeded 180 millions; 
whereas by now, in little over a century, it 
has reached 500 millions, not counting those 
who have emigrated to America. In one cen­
tury it has grown nearly three and a half times 
its size. If today 500 million people can live 
well in a space where 180 lived badly before, 
it is evident that, whatever the minor causes, 
the immediate cause and most necessary con­
dition is the perfection of technology. Were 
technology to suffer a setback, millions of peo­
ple would perish. 

Such fecundity of the human animal could 
occur only after man had succeeded in inter­
posing between himself and nature a zone of 
exclusively technical provenance, solid and 
thick enough to form something like a super­
nature. Present-day man-I refer not to the 
individual but to the totality of men-has no 
choice of whether to live in nature or to take 
advantage of this supernature. He is as irreme­
diably dependent on, and lodged in, the latter 
as primitive man is in his natural environment. 
And that entails certain dangers. Since present­
day man, as soon as he opens his eyes to life, 
finds himself surrounded by a superabundance 
of technical objects and procedures forming 
an artificial environment of such compactness 
that primordial nature is hidden behind it, he 
will tend to believe that a1l these things are 
there in the same way as nature itself is there 

without fu11her effort on his part: that aspirin 
and automobiles grow on trees like apples. That 
is to say, he may easily lose sight of technol­
ogy and of the conditions-the moral condi­
tions, for example-under which it is pro­
duced and return to the primitive attitude of 
taking it for the gift of nature which is simply 
there. We thus have the curious fact that, at 
first, the prodigious expansion of technology 
made it stand out against the sober background 
of man's natural activities and allowed him 
to gain full sight of it, whereas by now its fan­
tastic progress threatens to obscure it again. 

Another feature helping man to discover the 
true character of his own technology we found 
to be the transition from mere tools to ma­
chines, i.e., mechanically working apparatus. 
A modern factory is a self-sufficient establish­
ment waited on occasionally by a few persons 
of very modest standing. In consequence, the 
technician and the worker, who were united 
in the artisan, have been separated and the tech­
nician has grown to be the live expression of 
technology as such-in a word, the engineer. 

Today technology stands before our mind's 
eye for what it is, apart, unmistakable, iso­
lated, and unobscured by elements other than 
itself. And this enables certain persons, called 
engineers, to devote their lives to it. In the 
paleolithic age or in the Middle Ages technol­
ogy, that is invention, could not have been 
a profession because man was ignorant of his 
own inventive power. Today the engineer em­
braces as one of the most normal and firmly es­
tablished forms of activity the occupation of in­
ventor. In contrast to the savage, he knows 
before he begins to invent that he is capable 
of doing so, which means that he has ''tech­
nology" before he has "a technology." To 
this degree and in this concrete sense our pre­
vious assertion holds that technologies are 
nothing but concrete realizations of the gen­
eral technical functions of man. The engineer 
need not wait for chances and favorable odds; 
he is sure to make discoveries. How can he be? 

The question obliges us to say a word about 
the technique of technology. To some people 
technique and nothing else is technology. They 
are right in so far as without technique-the 
intellectual method operative in technical cre­
ation-there is no technology. But with tech­
nique alone there is none either. As we have 
seen before, the existence of a capacity is not 
enough to put that capacity into action. 

I should have liked to talk at leisure and in 
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detail about both present and past techniques 
of technology. It is perhaps the subject in which 
I myself am most interested. But it would have 
been a mistake to let our investigations 
gravitate entirely around it. Now that this essay 
is breathing its last I must be content to give 
the matter brief consideration- brief, yet, I 
hope, sufficiently clear. 

No doubt, technology could not have ex­
panded so gloriously in these last centuries, 
nor the machine have replaced the tool, nor 
the artisan have been split up into his compo­
nents, the worker and the engineer, had not 
the method of technology undergone a pro­
found transformation. 

Our technical methods arc radically different 
from those of all earlier technologies. How 
can we best explain the diversity? Perhaps 
through the following question: now would 
an engineer of the past, supposing he was a real 
engineer and his invention was not due to 
chance but deliberately searched for, go about 
his task? I will give a schematic and therefore 
exaggerated example which is, however, his­
torical and not fictitious. The Egyptian architect 
who built the pyramid of Cheops was con­
fronted with the problem of lifting stone blocks 
to the highest parts of the monument. Starting 
as he needs must from the desired end, namely 

to lift the stones, he looked around for de­
vices to achieve this. uThis," I have said, 
meaning he is concerned with the result as a 
whole. His mind is absorbed by the final 
aim in its integrity. He will therefore consider 
as possible means only such procedures as wi11 
bring about the total result at once, in one op­
eration that may take more or less time but 
which is homogeneous in itself. The unbroken 
unity of the end prompts him to look for a simi­
larly uniform and undifferentiated means. This 
accounts for the fact that in the early days of 
technology the instrument through which an 
aim is achieved tends to resemble the aim it­
self. Thus in the construction of the pyramid 
the stones are raised to the top over another 
pyramid, an earthen pyramid with a wider base 
and a more gradual slope, which abuts against 
the first. Since a solution found through this 
principle of similitude-simi/ia similibus -is 
not likely to be applicable in many cases, the 
engineer has no general rule and method to 
lead him from the intended aim to the adequate 
means. All he can do is to try out empirically 
such possibilities as offer more or less hope 
of serving his purpose. Within the circle de­
fined by his special problem he thus falls back 
into the attitude of the primitive inventor. 
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HEGELIAN 

Lordship and bondage 

G. W. F. HEGEL 

■ Georg Wilhelm Friedrich Hegel ( 1770-183/) "'"·'· born i11 S11111g11rt. He was ,111 idl'ali.,r philo.wpher who had"" 
impact 011 al111osr <'Very 1vell-k1101v11 philosopher ll'ho .1·11cceeded him. He {l//<'11ded a rheological se111i11ary ,,r rhe 
U11il'ersiry of Tiil>i11ge11. A.lier his 1-:radtl(lfio11 he worked Ji,r a ll'hile m resident 111ror Ji,r <lit aristocratic Ji1111ily. /11 

IH(XJ he 11101'ed to Je11a. where he accepted a 1eachi111-: fJO.H. // ll'as i11 Je11a Thal he wrole his most ji1111011s hook, The 

Phenomenology of Mind ( 1807). 111 1/tis work he ar1ictda1ed a cm11f1lex Theory "f"co11scio11.rne.1·s. According to Hegel, 
1/te Mind (or Ab.rnli11e SfJiril) is 1/te 11/1i11u11e rea!i1y. The exfJerimce ,,j"the diversity a11d separa1e11es.1· of'111a1erial e1t1i-
1ies in the world only rcjlea1· 011e stage of1·011.1·cio11.1·11es.1· in the long journey 1!f"the self 1mvard comp/ere self'.co11.1" Cio11s-
11ess. When th111 11/iim"le .Hage is reached, 1he self· 1Vil/ exfJerienCC' itself' 10 be al one wilh Reality, !he i11ji11i1e Mind. 

In 1he ji1111011.,· fJa.1·.mge 1hm apfJear.,· here, Hegel di.1T11.vse.1· the 11wsl<'r-slave rel{l/io11ship. '/1,e basis of the rel"tion· 
.\·hip i.\· the fact tho! a ,\·e(fconsciou:mess desires the recognition of another .H!/J·co11.,·ciou.n1ess in order tu become 
c,,rwi11 <!/" itself· as " true beilt>:. The most fJri111i1i1,,, mode of achieving such recog11itio11 is j(}r the .v<'lf'.co11.1Tio11.1·11es.1· 
to 1va1-:<' a .,·tmggl<' till dea1h IVith the opposing s,,1fcm1.1Tio11.rne.1·s. For "1hey prove 1he111.ffh•es and each other 
thro11gh a life-and-death .Hmggle." 8111 the end res11l1 of 

such ,m approach is the destructio11 of 1/te 01her .\'elf 
co11.,·cio11.mess, and l"'ca11.1·e of i1.1· des1mc1io11 ii is 110 longer able 10 sllpflly The 11ece.1·.mry recog11i1io11. Th11s This 
approach fails. 

A hi1-:her mode ofachif!l'i11g Th<' needed reCO,ini1io11 prc'serv,,s 1he life of the other selfcon.l'cim1.rnes.1· bw deni<'s ii 
its imll'pe11de11ce. Thu.I' The llll/.1·1er-slll\'/! relatio11shif1 e111erge.1·. /Jut 1hi.1· rl'imio11ship i.l' 1101 co111pletely sa1i.\Jac10ry 
ei1her. The ma.Her again l"'come.l' 1111happy ll'ith his 1-ictory, Ji,r he realizes Thal he ha.v only achieved The recog11i1io11 
of a dependent .H'/j'.co11sciou.me.u. On The 01her h111td, 1he slave Through his 10il di.1HJ1'er.1· his 011'11 i11depe11de11ce. 
Work gives him a fi'eli11g of poll'er, because Through his labor he gil'es objects Their fimn. Hegel explains: "'/11i.1· 
activi1y giving shape and .fimn, is at 1he same 1i111e 1he individual ,,xis1e11ce ... ll 'hich now i11 the work ii does is 
l'Xlernalized a11d 1u1.n-es info the co11di1io11 ofpen111111e11ce,'' Thu.I' apprehe11di11g i1selj·direc1ly as <lit i1u/epe11de111 being. 
This mean.,· Ihm ll'hile The master deprnds 011 the slm·e for 1he la11er'.1· recog11itio11 and his 111edia1io11 wi1h The IVorld 1!/' 
object.,· i11 order lo ,1.1·.,·ure The 11111.\'l<'I' of the <'<'1Wi111y 1if his rme being, 1he slm•e ob/aim That a.u11ra11ce directly 
through his lobor. The relmionship ha.,· been reversed. The ma.,·/er fa now depe11de111; ti"' slave is 1to1, having been 
li/,era1ed through hi.v labor. 

We ha\'e here, once IIIOI"<', a descrip1io11 of 1he e1·olutio11 of selj'.co11sciou.rne.1·s. Thi.,· <'\ 0ol111io11 i.l' again see11 a.1· 
hd11g rdared Iii 1111111'.1· ac1in'ties as homo fabcr. '/"o rhi.l' ex1e111 Onega and liege/ agree. /Ju/ while Ji>r Or1egaji1brica­
rio11 (i11c/11di11g a111(>/irhrirn1io11) d,jines The very being ofa pl!l'.\WI, .fi,r Hegel it !iberme.v him and 1hu.1· e,whles him to 
apfJrehend his tme l>eing. In di.1·rnssi11g The decision 10 .fig/11 Till death (a .fimn of' au1,!firbrica1io11) Hegel says: ''The 
i1ulivi1hllll, who has 1101 sl(1ked hi.I' liji-, may, 110 doul)f, /,e recognized a.,· a Person; lmr he has 1101 a11ai11ed The rr111h 1!/' 
thi.,· recognition as an independent .1·,,/fco11sciou.rne.u" [emflhasis added J. 

Self-consciousness exists in itself and for it­
self, in that, and by the fact that it exists for 
another self-consciousness; that is to say, it is

only by being acknowledged or ·'recognized''. 
The conception of this its unity in its duplica­
tion, of infinitude realizing itself in self-con­
sciousness, has many sides to it and encloses 
within it elements of varied significance. Thus 
its moments must on the one hand be strictly 
kept apart in detailed distinctiveness, and, on 
the other, in this distinction must, at the same 
time, also be taken as not distinguished, or must 
always be accepted and understood in their op­
posite sense. This double meaning of what is 

□From The Phe110111e1wlogy of Mind. Reprinted with the
permission of Humanities Press, Inc .• Atlantic Highlands,
New Jersey. 

distinguished lies in the nature of self-con­
sciousness:-of its being infinite, or directly the 
opposite of the determinateness in which it is 
fixed. The detailed exposition of the notion of 
this spiritual unity in its duplication will bring 
before us the process of Recognition. 

Self-consciousness has before it another self­
consciousness; it has come outside itself. This 
has a double signilicance. First it has lost its 
own self, since it finds itself as an other being; 
secondly, it hus thereby sub lated 1 that other, for 
it does not regard the other as essentially real, 
but sees its own self in the other. 

It must cancel this its other. To do so is the 
sublation of that first double meaning, and is 
therefore a second double meaning. First, it 
must set itself to sublate the other independent 
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being, in order thereby to become certain of it­
self as true being, secondly, it thereupon pro­
ceeds to sublate its own self, for this other is it­
self. 

This sublation in a double sense of its other­
ness in a double sense is at the same time a re­
turn in a double sense into its self. For, firstly, 
through sublation, it gets back itself, because it 
becomes one with itself again through the can­
celling of its otherness; but secondly, it likewise 
gives otherness back again to the other self­
consciousness, for it was aware of being in the 
other, it cancels this its own being in the other 
and thus lets the other again go free. 

This process of self-consciousness in relation 
to another self-consciousness has in this manner 
been represented as the action of one alone. But 
this action on the part of the one has itself the 
double significance of being at once its own ac­
tion and the action of that other as well. For the 
other is likewise independent, shut up within it­
self, and there is nothing in it which is not there 
through itself. The first does not have the object 
before it only in the passive form characteristic 
primarily of the object of desire, but as an ob­
ject existing independently for itself, over 
which therefore it has no power to do anything 
for its own behoof, if that object does not per se 
do what the first does to it. The process then is 
absolutely the double process of both self-con­
sciousnesses. Each secs the other do the same 
as itself; each itself does what it demands on the 
part of the other, and for that reason does what 
it does, only so far as the other does the same. 
Action from one side only would be useless, be­
cause what is to happen can only be brought 
about by means of both. 

The action has then a double entente not only 
in the sense that it is an act done to itself as well 
as to the other, but also in the sense that the act 
simpliciter is the act of the one as well as of the 
other regardless of their distinction. 

In this movement we see the process repeated 
which came before us as the play of forces; in 
the present case, however, it is found in con­
sciousness. What in the former had effect only 
for us [ contemplating experience], holds here 
for the terms themselves. The middle term is 
self-consciousness which breaks itself up into 
the extremes; and each extreme is this inter­
change of its own determinateness, and com­
plete transition into the opposite. While qua 
consciousness, it no doubt comes outside itself, 
sti11, in being outside itself, it is at the same 

time restrained within itself, it exists for itself, 
and its self-externalization is for consciousness. 
Consciousness finds that it immediately is and 
is not another consciousness, as also that this 
other is for itself only when it cancels itself as 
existing for itself, and has self-existence only in 
the self-existence of the other. Each is the medi­
ating term to the other, through which each 
mediates and unites itself with itself; and each is 
to itself and to the other an immediate self-exist­
ing reality, which, at the same time, exists thus 
for itself only through this mediation. They rec­
ognize themselves as mutually recognizing one 
another. 

This pure conception of recognition, of dupli­
cation of self-consciousness within its unity, we 
must now consider in the way its process ap­
pears for self-consciousness. It will, in the first 
place, present the aspect of the disparity of the 
two, or the break-up of the middle term into the 
extremes, which, qua extremes, are opposed to 
one another, and of which one is merely recog­
nized, while the other only recognizes. 

Self-consciousness is primarily simple exis­
tence for self, self-identity by exclusion of ev­
ery other form itself. It takes its essential nature 
and absolute object to be Ego; and in this imme­
diacy, in this bare fact of its self-existence, it is 
individual. That which for it is other stands as 
unessential object, as object with the impress 
and character of negation. But the other is also a 
self-consciousness; an individual makes its ap­
pearance in antithesis to an individual. Appear­
ing thus in their immediacy, they are for each 
other in the manner of ordinary objects. They 
are independent individual forms, modes of 
consciousness that have not risen above the bare 
level of life (for the existent object here has 
been determined as life). They are, moreover, 
forms of consciousness which have not yet ac­
complished for one another the process of abso­
lute abstraction, of uprooting all immediate ex­
istence, and of being merely the bare, negative 
fact of self-identical consciousness; or, in other 
words, have not yet revealed themselves to each 
other as existing purely for themselves, i.e., as 
self-consciousness. Each is indeed certain of its 
own self, but not of the other, and hence its own 
certainty of itself is still without truth. For its 
truth would be merely that its own individual 
existence for itself would be shown to it to be an 
independent object, or, which is the same thing, 
that the object would be exhibited as this pure 
certainty of itself. By the notion of recognition, 
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however, this is not possible, except in the form 
that as the other is for it, so it is for the other; 
each in its self through its own action and again 
through the action of the other achieves this 
pure abstraction of existence for self. 

The presentation of itself, however, as pure 
abstraction of self-consciousness consists in 
showing itself as a pure negation of its objective 
form, or in showing that it is fettered to no de­
terminate existence, that it is not bound at all by 
the particularity everywhere characteristic of 
existence as such, and is not tied up with life. 
The process of bringing all this out involves a 
twofold action-action on the part of the other 
and action on the part of itself. In so far as it is 
the other's action, each aims at the destruction 
and death of the other. But in this there is impli­
cated also the second kind of action, self-activ­
ity; for the former implies that it risks its own 
life. The relation of both self-consciousnesses 
is in this way so constituted that they prove 
themselves and each other through a life-and­
death struggle. They must enter into this strug­
gle, for they must bring their certainty of them­
selves, the certainty of being for themselves, to 
the level of objective truth, and make this a fact 
both in the case of the other and in their own 
case as well. And it is solely by risking life that 
freedom is obtained; only thus is it tried and 
proved that the essential nature of self-con­
sciousness is not bare existence, is not the 
merely immediate form in which it at first 
makes its appearance, is not its mere absorption 
in the expanse of life. Rather it is thereby guar­
anteed that there is nothing present but what 
might be taken as a vanishing moment-that 
self-consciousness is merely pure self-exis­
tence, being-for-self. The individual, who has 
not staked his life, may, no doubt, be recog­
nized as a Person; but he has not attained the 
truth of this recognition as an independent self­
consciousncss. In the same way each must aim 
at the death of the other, as it risks its own life 
thereby; for that other is to it of no more worth 
than itself; the other's reality is presented to the 
former as an external other, as outside itself; it 
must cancel that externality. The other is a 
purely existent consciousness and entangled in 
manifold ways; it must view its otherness as 
pure existence for itself or as absolute negation. 

This trial by death, however, cancels both the 
truth which was to result from it, and therewith 
the certainty of self altogether. For just as life is 
the natural ''position'' of consciousness, inde­
pendence without absolute negativity, so death 

is the natural "negation" of consciousness, 
negation without independence, which thus re­
mains without the requisite significance of ac­
tual recognition. Through death, doubtless, 
there has arisen the certainty that both did stake 
their life, and held it lightly both in their own 
case and in the case of the other; but that is not 
for those who underwent this struggle. They 
cancel their consciousness which had its place 
in this alien element of natural existence; in 
other words, they cancel themselves and are 
sublated as terms or extremes seeking to have 
existence on their own account. But along with 
this there vanishes from the play of change the 
essential moment, viz. that of breaking up into 
extremes with opposite characteristics; and the 
middle term collapses into a lifeless unity which 
is broken up into lifeless extremes, merely 
existent and not opposed. And the two do not 
mutually give and receive one another back 
from each other through consciousness; they let 
one another go quite indifferently, like things. 
Their act is abstract negation, not the negation 
characteristic of consciousness, which cancels 
in such a way that it preserves and maintains 
what is sublated, and thereby survives its being 
sublated. 

In this experience self-consciousness be­
comes aware that life is as essential to it as pure 
self-consciousness. In immediate self-con­
sciousness the simple ego is absolute object, 
which, however, is for us or in itself absolute 
mediation, and has as its essential moment sub­
stantial and solid independence. The dissolution 
of that simple unity is the result of the first ex­
perience; through this there is posited a pure 
self-consciousness, and a consciousness which 
is not purely for itself, but for another, i.e. as an 
existent consciousness, consciousness in the 
form and shape of thinghood. Both moments 
are essential, since, in the first instance, they 
are unlike and opposed, and their reflexion into 
unity has not yet come to light, they stand as 
two opposed forms or modes of consciousness. 
The one is independent, and its essential nature 
is to be for itself; the other is dependent, and 
its essence is life or existence for another. The 
former is the Master, or Lord, the latter the 
Bondsman. 

The master is the consciousness that exists 
for itself; but no longer merely the general no­
tion of existence for self. Rather, it is a con­
sciousness existing on its own account which is 
mediated with itself through an other conscious­
ness, i.e. through an other whose very nature 

97



PROMINENT PERSPECTIVES ON TECHNOLOGY AND CIVILIZATION 

jmplies that it is bound up with an independent 
being or with thinghood in general. The master 
brings himself into relation to both these mo­
rnents, to a thing as such, the object of desire, 
and to the consciousness whose essential char­
acter is thinghood. And since the master, is ( a)

qua notion of self-consciousness, an immediate 
relation of self-existence, but ( b) is now more­
over at the same time mediation, or a being-for­
self which is for itself only through an other­
he [the master] stands in relation (a) immedi­
ately to both ( b) mediately to each through the 
other. The master relates himself to the bonds­
man mediately through independent existence, 
for that is precisely what keeps the bondsman in 
thrall; it is his chain, from which he could not 
in the struggle get away, and for that reason he 
proved himself to be dependent, to have his in­
dependence in the shape of thinghood. The 
master, however, is the power controlling this 
state of existence, for he has shown in the strug­
gle that he holds it to be merely something neg­
ative. Since he is the power dominating exis­
tence, while this existence again is the power 
controlling the other [ the bondsman], the mas­
ter holds, par consequence, this other in subor­
dination. In the same way the master relates 
himself to the thing mediately through the 
bondsman. The bondsman being a self-con­
sciousness in the broad sense, also takes up a 
negative attitude to things and cancels them; but 
the thing is, at the same time, independent for 
him, and, in consequence, he cannot, with all 
his negating, get so far as to annihilate it out­
right and be done with it; that is to say, he mere­
ly works on it. To the master, on the other hand, 
by menas of this mediating process, belongs the 
immediate relation, in the sense of the pure 
negation of it, in other words he gets the enjoy­
ment. What mere desire did not attain, he now 
succeeds in attaining, viz. to have done with the 
thing, and find satisfaction in enjoyment. De­
sire alone did not get the length of this, be­
cause of the independence of the thing. The 
master, however, who has interposed the 
bondsman between it and himself, thereby re­
lates himself merely to the dependence of the 
thing, and enjoys it without qualification and 
without reserve. The aspect of its independence 
he leaves to the bondsman, who labours upon it. 

In these two moments, the master gets his 
recognition through an other consciousness, for 
in them the latter affirms itself as unessential, 
both by working upon the thing, and, on the 
other hand, by the fact of being dependent on a 

determinate existence; in neither case can this 
other get the mastery over existence, and suc­
ceed in absolutely negating it. We have thus 
here this moment of recognition, viz. that the 
other consciousness cancels itself as self-exis­
tent, and, ipso facto, itself does what the first 
does to it. In the same way we have the other 
moment, that this action on the part of the sec­
ond is the action proper of the first; for what is 
done by the bondsman is properly an action 
on the part of the master. The latter exists only 
for himself, that is his essential nature; he is the 
negative power without qualification, a power 
to which the thing is naught. And he is thus the 
absolutely essential act in this situation, while 
the bondsman is not so, he is an unessential ac­
tivity. But for recognition proper there is 
needed the moment that what the master does to 
the other he should also do to himself, and 
what the bondsman does to himself, he should 
do to the other also. On that account a form of 
recognition has arisen that is one sided and un­
equal. 

In all this, the unessential consciousness is, 
for the master, the object which embodies the 
truth of his certainty of himself. But it is evi­
dent that this object does not correspond to its 
notion; for, just where the master has effective­
ly achieved lordship, he really finds that some­
thing has come about quite different from an in­
dependent consciousness. It is not an indepen­
dent, but rather a dependent consciousness that 
he has achieved. He is thus not assured of self­
existence as his truth; he finds that his truth is 
rather the unessential consciousness, and the 
fortuitous unessential action of that conscious­
ness. 

The truth of the independent consciousness is 
accordingly the consciousness of the bondsman. 
This doubtless appears in the first instance out­
side itself, and not as the truth of self-con­
sciousness. But just as lordship showed its es­
sential nature to be the reverse of what it wants 
to be, so, too, bondage will, when completed, 
pass into the opposite of what it immediately 
is: being a consciousness repressed within it­
self, it will enter into itself, and change round 
into real and true independence. 

We have seen what bondage is only in rela­
tion to lordship. But it is a self-consciou�11ess, 
and we have now to consider what it is, in this 
regard, in and for itself. In the first instance, 
the master is taken to be the essential reality 
for the state of bondage; hence, for it, the truth 
is the independent consciousne�<; existing for it-
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self, although this truth is not taken yet as in­
herent in bondage itself. Still, it does in fact 
contain within itself this tmth of pure negativity 
and self-existence, because it has experienced 
this reality within it. For this consciousness was 
not in peril and fear for this element or that, nor 
for this or that moment of time, it was afraid 
for its entire being; it felt the fear of death, the 
sovereign master. It has been in that experience 
melted to its inmost soul, has trembled through­
out its every fibre, and all that was fixed and 
steadfast has quaked within it. This complete 
perturbation of its entire substance, this abso­
lute dissolution of all its stability into fluent 
continuity, is, however, the simple, ultimate 
nature of self-consciousness, absolute negativ­
ity, pure self-referrent existence, which conse­
quently is involved in this type of conscious­
ness. This moment of pure self-existence is 
moreover a fact for it; for in the master it finds 
this as its object. Further, this bondsman's 
consciousness is not only this total dissolution 
in a general way; in serving and toiling the 
bondsman actually carries this out. By serving 
he cancels in every particular aspect his depen­
dence on and attachment to natural existence, 
and by his work removes this existence away. 

The feeling of absolute power, however, 
realized both in general and in the particular 
form of service, is only dissolution implicitly; 
and albeit the fear of the lord is the beginning of 
wisdom, consciousness is not therein aware of 
being self-existent. Through work and labour, 
however, this consciousness of the bondsman 
comes to itself. In the moment which corre­
sponds to desire in the case of the master's con­
sciousness, the aspect of the non-essential rela­
tion to the thing seemed to fall to the lot of the 
servant, since the thing there retained its inde­
pendence. Desire has reserved to itself the pure 
negating of the object and thereby unalloyed 
feeling of self. This satisfaction, however, just 
for that reason is itself only a state of evanes­
cence, for it lacks objectivity or subsistence. 
Labour, on the other hand, is desire restrained 
and checked, evanescence delayed and post­
poned; in other words, labour shapes and 
fashions the thing. The negative relation to the 
object passes into the fonn of the object, into 
something that is permanent and remains; be­
cause it is just for the labourer that the object 
has independence. This negative mediating 
agency, this activity giving shape and form, is 
at the same time the individual existence, the 
pure self-existence of that consciousness, which 

now in the work it does is externalized and 
passes into the condition of permanence. The 
consciousness that toils and serves accordingly 
attains by this means the direct apprehension of 
that independent being as its self. 

But again, shaping or forming the object has 
not only the positive significance that the bonds­
man becomes thereby aware of himself as fac­
tually and objectively self-existent; this type of 
consciousness has also a negative import, in 
contrast with its first moment, the element of 
fear. For in shaping the thing it only becomes 
aware of its own proper negativity, its existence 
on its own account, as an object, through the 
fact that it cancels the actual form confronting 
it. But this objective negative element is pre­
cisely the alien, external reality, before which it 
trembled. Now, however, it destroys this ex­
traneous alien negative, affirms and sets itself 
up as a negative in the element of permanence, 
and thereby becomes for itself a self-existent 
being. In the master, the bondsman feels self­
existence to be something external, an objective 
fact; in fear self-existence is present within him­
self; in fashioning the thing, self-existence 
comes to be felt explicitly as his own proper 
being, and he attains the consciousness that he 
himself exists in its own right and on its own ac­
count (an und jt'ir sich). By the fact that the 
form is objectified, it does not become some­
thing other than the consciousness moulding the 
thing through work; for just that form is his pure 
self-existence, which therein becomes truly re­
alized. Thus precisely in Jabour where there 
seemed to be merely some outsider's mind and 
ideas involved, the bondsman becomes aware, 
through this re-discovery of himself by himself, 
of having and being a ''mind of his own''. 

For this reflexion of self into self the two mo­
ments, fear and service in general, as also that 
of formative activity, are necessary: and at the 
same time both must exist in a universal man­
ner. Without the discipline of service and obe­
c.lience, fear remains formal and does not spread 
over the whole known reality of existence. 
Without the formative activity shaping the 
thing, fear remains inward and mute, and con­
sciousness does not become objective for itself. 
Should consciousness shape and form the thing 
without the initial state of absolute fear, then it 
has a merely vain and futile "mind of its own"; 
for its form or negativity is not negativity per

se, and hence its formative activity cannot fur­
nish the consciousness of itself as essentially 
real. If it has endured not absolute fear, but 
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merely some slight anxiety, the negative reality 
has remained external to it, its substance has 
not been through and through infected thereby. 
Since the entire content of its natural conscious­
ness has not tottered and shaken, it is still in­
herently a determinate mode of being; having a 
"mind of its own" ( der eigene Sinn) is simply 
stubbornness (Eigensinn), a type of freedom 
which does not get beyond the attitude of bond­
age. As little as the pure form can become its 
essential nature, so little is that form, consid-

ered as extending over particulars, a universal 
formative activity, an absolute notion; it is rath­
er a piece of cleverness which has mastery with­
in a certain range, but not over the universal 
power nor over the entire objective reality. 

NOTE 

I. •·sublation" means "the dialectic cancelling of the 
other" -that is, preserving the positive aspects of what 
is being cancelled, while doing away with the negative 
ones [ ed. note]. 
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The dialectic within cultural history 
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radirnl feminism. Her book The Dialectic of Sex (11/racted world­

wide attention. The j<Jllmvi11g selectio11 is from that book. 
Firestone's chief claim here is that i11 the hi.l"tory of culture, there is {(IJ underlying dialectic of sex. Culture is seen 

to have e1•0/ved historically along two modes: (I) The Aesthetic Mode of rnlture rests 011 imagin(lfion, and the 11c1ive 
se11rch for a11 altemme, ideal reality. ,1rr mu/ poe11y are associated with this mode. (2) The Tec/1110/ogirnl Mode rest.> 
011 experimentation a11d the scientijic method. It seeks to master nature rather than to c011struct an alternative reality. 
Since the first mode i.1· regarded as subjective and illluitive, it corresponds with "female" behavior. The second 

mode is re!iarded a.1· objective a11d foi,iical, he11ce correspo11di11g to "male" behavior. "Th11.1· the aesthetic is the 
cultural recreation of that half of the psycholo!iical spectrum that has bee11 appropriated to the female, whereas 
the tech11ological re.1-pml.l'e i.1· the cultural 11w!i11iJicatio11 of the male h11/f.'' 

Accordi11g to Firestone we are 110w livi11g i11 rhe a!ie of rhe Tech110/ogical Mode, and the co11tradictions withi11 

it are threatening to explode. Knowledge has developed to the point that it has ass1.1111ed a life of its own: "The 

machine has its own momentum." (Firestone seems here to be arguing for this autonomy of technology.) This 
situatio11 will culminate .1·0011 in a sexual revo/111io11 that obliterates the divisions betwce11 the two modes wit! inte· 
grates them i1110 one richer mode which will give rise to w1 androgy11011.1· rnlture. The11 "control and delay of 'id' 

.rnti.lfaction by the 'ei:o' will he u1111eces.rn1y,'' Thus the repressive mpect of civilization described by both Freud 
and /1,,farcuse (see earlier selection\') is seen by Firestone llS disappearing in this new culrure. 

So far we have treated "culture" as syn­
onymous with "arts and letters" or at its 
broadest, "humanities." This is a common 
enough confusion. But it is startling in this 
context. For we discover that, while only in­
directly related to art, women have been en­
tirely excluded from an equally important half 
of culture: science. If at least with the arts we 
could find enough material about the relation­
ship of women to culture-whether indirectly 
as influence, stimulus, or subject matter, or 
even occasionally as direct participants-to fill 
at least a chapter, we can hardly find a relation­
ship of women to science worthy of discussion. 
Perhaps in the broadest sense our statement 
that women arc the emotional force behind 
all (male) culture holds true-but we are 
stretching the case to include modern science, 
where the empirical method specifically de­
mands the exclusion of the scientist's person­
ality from his research. Satisfaction of his emo­
tional needs through a woman in his off hours 
may make him more stable, and thus steadier 
on the job, but this is farfetched. 

But if even the indirect relationship of wom­
en to science is debatable, that there is no direct 

D From The Dialectic o
f 
Sex, by Shulamith Firestone, pp. 

170- I 91. Copyright © 1970 by Shulamith Firestone. 
Dy permission of William Morrow & Company, Inc., an<l 
Jonathan Cape Lt<l. 

one is certainly not. One would have to search 
to find even one woman who had contributed 
in a major way to scientific culture. Moreover, 
the situation of women in science is not im­
proving. Even with the work of discovery 
shifted from the great comprehensive minds of 
the past to small pragmatic university research 
teams, there are remarkably few women 
scientists. 1 

This absence of women at all levels of the 
scientific disciplines is so commonplace as to 
lead many (otherwise intelligent) people to 
attribute it to some deficiency (logic?) in wom­
en themselves. Or to women's own predilec­
tions for the emotional and subjective over the 
practical and rational. But the question cannot 
be so easily dismissed. It is trnc that women 
in science arc in foreign territory-but how has 
this situation evolved? Why are there disci­
plines or branches of inquiry that demand only a 
"male" mind? Why would a woman, to qual­
ify, have to develop an alien psychology? When 
and why was the female excluded from this 
type mind? How and why has science come to 
be defined as, and restricted to, the "objec­
tive"? 

I submit that not only were the arts and hu­
manities corrupted by the sex duality, but that 
modern science has been determined by it. And 
moreover that culture reflects this polarity in its 
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very organization. C. P. Snow was the first 
to note what had been becoming increasingly 
obvious: a deep fissure of culture-the liberal 
arts and the sciences had become incompre­
hensible to each other. Again, though the uni­
versal man of the Renaissance is widely la­
mented, specialization only increases. These 
are some of the modern symptoms of a long 
cultural disease based on the sex dualism. Let 
us examine the history of culture according 
to this hypothesis-that there is an underlying 
dialectic of sex. 

I. THE TWO MODES OF CULTURAL

HISTORY

For our analysis we shall define culture in the 
following way: Culture is the attempt by man 
to realize the conceivable in the possible. Man's 
consciousness of himself within his environ­
ment distinguishes him from the lower animals, 
and turns him into the only animal capable 
of culture. This consciousness, his highest 
faculty, allows him to project mentally states 
of being that do not exist at the moment. Able 
to construct a past and future, he becomes a 
creature of time-a historian and a prophet. 
More than this, he can imagine objects and 
states of being that have never existed and may 
never exist in the real world-he becomes a 
maker of art. Thus, for example, though the 
ancient Greeks did not know how to fly, still 
they could imagine it. The myth of Icarus was 
the formulation in fantasy of their conception 
of the state "flying." 

But man was not only able to project the 
conceivable into fantasy. He also learned to 
impose it on reality: by accumulating knowl­
edge, learning experience, about that reality 
and how to handle it, he could shape it to his 
liking. This accumulation of skills for control­
ling the environment, technology, is another 
means to reaching the same end, the realiza­
tion of the conceivable in the possible. Thus, 
in our example, if, in the n.c. era, man could 
fly on the magic carpet of myth or fantasy, 
by the twentieth century, his technology, the 
accumulation of his practical skills, had made 
it possible for him to fly in actuality-he had 
invented the airplane. Another example: In 
the Biblical legend, the Jews, an agricultural 
people stranded for forty years in the desert, 
were provided by God with Manna, a mirac­
ulous substance that could be transformed at 
will into food of any color, texture, or taste; 
modern food processing, especially with the 

''green revolution," will probably soon create 
a totally artificial food production, perhaps with 
this chameleon attribute. Again, in ancient leg­
end, man could imagine mixed species, e.g., 
the centaur or the unicorn, or hybrid births, 
like the birth on an animal from a human, or 
a virgin birth; the current biological revolution, 
with its increasing knowledge of the reproduc­
tive process, could now-if only the first crude 
stages-create these "monstrosities" in reality. 
Brownies and elves, the Golem of medieval 
Jewish lore, Mary Shelley's monster in Fran­

kenstein, were the imaginative constructions 
that preceded by several centuries the corre­
sponding technological acumen. Many other 
fantastical constructions-ghosts, mental telep­
athy, Methuselah's age-remain to be realized 
by modern science. 

These two different responses, the idealistic 
and the scientific, do not merely exist simul­
taneously: there is a dialogue between the two. 
The imaginative construction precedes the 
technological, though often it does not develop 
until the technological know-how is '' in the 
air.'' For example, the art of science fiction 
developed, in the main, only a half-century 
in advance of, and now coexists with, the scien­
tific revolution that is transforming it into a 
reality-for example (an innocuous one), the 
moon flight. The phrases ''way out,'' ''far 
out," "spaced," the observation "it's like 
something out of science fiction'' are common 
language. In the aesthetic response, because 
it always develops in advance, and is thus 
the product of another age, the same realiza­
tion may take on a sensational or unrealistic 
cast, e.g., Frankenstein's monster, as opposed 
to, let us say, General Electric's CAM (Cyber­
netic Anthropomorphic Machines) Handyman. 
(An artist can never know in advance just how 
his vision might be articulated in reality.) 

Culture then is the sum of, and the dynamic 
between, the two modes through which the 
mind attempts to transcend the limitations and 
contingencies of reality. These two types of 
cultural responses entail different methods to 
achieve the same end, the realization of the 
conceivable in the possible. In the first, 2 the 
individual denies the limitations of the given 
reality by escaping from it altogether, to define, 
create, his own possible. In the provinces of 
the imagination, objectified in some way­
whether through the development of a visual 
image within some artificial boundary, say four 
square feet of canvas, through visual images 
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projected through verbal symbols (poetry), 
with sound ordered into a sequence (music), 
or with verbal ideas ordered into a progres­
sion (theology, philosophy)-he creates an 
ideal world governed by his own artificially 
imposed order and harmony, a structure in 
which he consciously relates each part to the 
whole, a static (and therefore "timeless") con­
struction. The degree to which he abstracts 
his creation from reality is unimportant, for 
even when he most appears to imitate, he has 
created an illusion governed by its own-per­
haps hidden-set of artificial laws. (Degas 
said that the artist had to lie in order to tell the 
truth.) This search for the ideal, realized by 
means of an artificial medium, we shall call 
the Aesthetic Mode. 

In the second type of cultural response the 
contingencies of reality are overcome, not 
through the creation of an alternate reality, but 
through the mastery of reality's own workings: 
the laws of nature are exposed, then turned 
against it, to shape it in accordance with man's 
conception. If there is a poison, man assumes 
there is an antidote; if there is a disease, he 
searches for the cure: every fact of nature that 
is understood can be used to alter it. But to 
achieve the ideal through such a procedure 
takes much longer, and is infinitely more pain­
ful, especially in the early stages of knowledge. 
For the vast and intricate machine of nature 
must be entirely understood-and there. are 
always fresh and unexpected layers of complex­
ity-before it can be thoroughly controlled. 
Thus before any solution can be found to the 
deepest contingencies of the human condition, 
e.g., death, natural processes of growth and
decay must be catalogued, smaller laws related
to larger ones. This scientific method (also
attempted by Marx and Engels in their materi­
alistic approach to history) is the attempt by
man to master nature through the complete
understanding of its mechanics. The coaxing
of reality to conform with man's conceptual
ideal, through the application of information
extrapolated from itself, we shall call the Tech­
nological Mode.

We have defined culture as the sum of, and 
the dialectic between, the two different modes 
through which man can resolve the tension 
created by the flexibility of his mental faculties 
within the limitations of his given environment. 
The correspondence of these two different cul­
tural modes with the two sexes respectively 
is unmistakable. We have noted how those few 

women directly creating culture have gravitated 
to disciplines within the Aesthetic Mode. There 
is good reason for this: the aesthetic response 
corresponds with "female" behavior. The 
same terminology can be applied to either: 
subjective, intu1t1ve, introverted, wishful, 
dreamy or fantastic, concerned with the sub­
conscious (the id), emotional, even tempera­
mental (hysterical). Correspondingly, the tech­
nological response is the masculine response: 
objective, logical, extroverted, realistic, con­
cerned with the conscious mind (the ego), 
rational, mechanical, pragmatic and down-to· 
earth, stable. Thus the aesthetic is the cultural 
recreation of that half of the psychological 
specturm that has been appropriated to the fe­
male, whereas the technological response is 
the cultural magnification of the male half. 

Just as we have assumed the biological divi­
sion of the sexes for procreation to be the funda­
mental "natural" duality from which grows 
all further division into classes, so we now 
assume the sex division to be the root of this 
basic cultural division as well. The interplay 
between these two cultural responses, the 
"male" Technological Mode and the "female" 
Aesthetic Mode, recreates at yet another level 
the dialectic of the sexes-as well as its super­
structure, the caste and the economic-class 
dialectic. And just as the merging of the divided 
sexual, racial, and economic classes is a pre­
condition for sexual, racial, or economic rev­
olution respectively, so the merging of the 
aesthetic with the technological culture is the 
precondition of a cultural revolution. And just 
as the revolutionary goal of the sexual, racial, 
and economic revolutions is, rather than a mere 
leveling of imbalances of class, an elimination 
of class categories altogether, so the end 
result of a cultural revolution must be, not 
merely the integration of the two streams of 
culture, but the elimination of cultural cate­
gories altogether, the elimination of culture 
itself as we know it. But before we discuss 
this ultimate cultural revolution or even the 
state of cultural division in our own time, let 
us see how this third level of the sex dialectic­
the interaction between the Technological and 
Aesthetic Modes-operated to determine the 
flow of cultural history. 

At first technological knowledge accumu­
lated slowly. Gradually man learned to control 
the crudest aspects of his environment-he 
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discovered the tool, control of fire, the wheel, 
·· the melting of ore to make weapons and plows,
even, eventually, the alphabet-but these dis­
coveries were few and far between, because
as yet he had no systematic way of initiating
them. Eventually however, he had gathered
enough practical knowledge to build whole
systems, e.g., medicine or architecture, to
create juridical, political, social, and economic
institutions. Civilization developed from the
pdmitive hunting horde into an agricultural
society, and finally, through progressive
stµges, into feudalism, capitalism, and the first
attempts at socialism.

But in all this time, man's ability to picture

an ideal world was far ahead of his ability to

create one. The primary cultural forms of an­

cient civilizations-religion and its offshoots,
mythology, legend, primitive art and magic,

prophesy and history-were in the Aesthetic
Mode: they imposed only an artificial, imagi­
nary order on a universe still mysterious and
chaotic. Even primitive scientific theories were
only poetic metaphors for what would later
be realized empirically. The science and philos­
ophy and mathematics of classical antiquity,
forerunners of modern science, by sheer imagi­
native prowess, operating in a vacuum indepen­
dently of material laws, anticipated much
of what was later proven: Democritus' atoms
and Lucretius' "substance" foreshadowed by
thousands of years the discoveries of modern
science. But they were realized only within
the realm of the imaginary Aesthetic Mode.

In the Middle Ages the Judaeo-Christian her­
itage was assimilated with pagan culture, to
produce medieval religious art and the meta­
physics of Thomas Aquinas and the Scholas­
tics. Though concurrently Arab science, an
outgrowth of the Greek Alexandrian Period
(third century n.c. to seventh century A. D.),
was amassing considerable information in such
areas as geography, astronomy, physiology,
mathematics-a tabulation essential to the later
empiricism-there was little dialogue. Western
science, with its alchemy, its astrology, the
''humours'' of medieval medicine, was still
in a "pseudo-scientific" stage, or, in our defini­
tion, still operating according to the Aesthetic
Mode. This medieval aesthetic culture, com­
posed of the Classical and Christian legacies,
culminated in the Humanism of the Renais­
sance.

Until the Renaissance, then, culture occurred
in the Aesthetic Mode because, prior to that

time, Technology had been so primitive, the 
body of scientific knowledge so far from com­
plete. In terms of the sex dislectic, this· long 
stage of cultural history corresponds with the 
matriarchal stage of civilization: The Female 
Principle-dark, mysterious, uncontrollable­
reigned, elevated by man himself, still in awe 
of unfathomable Nature. Men of culture were 
its high priests of homage: until and through 
the Renaissance all men of culture were practi­
tioners of the ideal aesthetic mode, thus, in 
a sense, artists. The Renaissance, the pinnacle 
of cultural humanism, was the golden age of 
the Aesthetic (female) Mode. 

And also the beginning of its end. By the 
sixteenth century culture was undergoing a 
change as profound as the shift from matriarchy 
to patriarchy in terms of the sex dialectic, and 
corresponding to the decline of feudalism in 
the class dialectic. This was the first merging 
of the aesthetic culture with the technological, 
in the creation of modern (empirical) science. 

In the Renaissance, Aristotelian Scholasti­
cism had remained powerful though the first 
cracks in the darn were already apparent. But 
it was not until Francis Bacon, who first pro­
posed to use science to ''extend more widely 
the limits of the power and the greatnesses 
of man,'' that the marriage of the Modes was 
consummated. Bacon and Locke transformed 
philosophy, the attempt to understand life, from 
abstract speculation detached from the real 
world (metaphysics, ethics, theology, aesthet­
ics, logic) to an uncovering of the real laws 
of nature, through proof and demonstration 
(empirical science). 

In the empirical method propounded by 
Francis Bacon, insight and imagination had 
to be used only at the earliest stage of the in­
quiry. Tentative hypotheses would be formed 
by induction from the facts, and then conse­
quences would be deduced logically and tested 
for consistency among themselves and for 
agreement with the primary facts and results 
of ad hoc experiments. The hypothesis would 
become an accepted theory only after all tests 
had been passed, and would remain, at least 
until proven wrong, a theory capable of pre­
dicting phenomena. to a high degree of prob­
ability. 

The empirical view held that by recording 
and tabulating all possible observations and 
experiments in this manner, the Natural Order 
would emerge automatically. Though at first 
the question "why" was still asked as often as 
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the question ''how,'' after information began to 
accumulate, each discovery building upon the 
last to complete the jigsaw, the speculative, the 
intuitive, and the imaginative gradually became 
less valuable. When once the initial foundations 
had been laid by men of the stature of Kepler, 
Galileo, and Newton, thinkers still in the in­
spired "aesthetic" science tradition, hundreds 
of anonymous technicians could move to fill in 
the blanks, leading to, in our own time, the 
dawn of a golden age of science-to the Tech­
nological Mode what the Renaissance had been 
to the Aesthetic Mode. 

II. THE TWO CULTURES TODAY

Now, in 1970, we are experiencing a major
scientific breakthrough. The new physics, rela­
tivity, and the astrophysical theories of con­
temporary science had already been realized 
by the first part of this century. Now, in the 
latter part, we are arriving, with the help of 
the electron microscope and other new tools, 
at similar achievements in biology, biochem­
istry, and all the life sciences. Important dis­
coveries are made yearly by small, scattered 
work teams all over the United States, and in 
other countries as well-of the magnitude of 
DNA in genetics, or of Urey and Miller's work 
in the early fifties on the origins of life. Full 
mastery of the reproductive process is in sight, 
and there has been significant advance in under­
standing the basic life and death process. The 
nature of aging and growth, sleep and hiber­
tion, the chemical functioning of the brain and 
the development of consciousness and memory 
are all beginning to be understood in their en­
tirety. This acceleration promises to continue 
for perhaps another century, however long 
it takes to achieve the goal of Empiricism: total 
understanding of the laws of nature. 

This amazing accumulation of concrete 
knowledge in only a few hundred years is the 
product of philosophy's switch from the Aes­
thetic to the Technological Mode. The com­
bination of ''pure'' science, science in the Aes­
thetic Mode, with pure technology, caused 
greater progress toward the goal of technol­
ogy-the realization of the conceivable in the 
actual-than had been made in thousands of 
years of previous history. 

Empiricism itself is only the means, a 
quicker and more effective technique, for 
achieving technology's ultimate cultural goal: 
the building of the ideal in the real world. One 
of its own basic dictates is that a certain amount 

of material must be collected and arranged 
into categories before any decisive comparison, 
analysis, or discovery can be made. In this 
light, the centuries of empirical science have 
been little more than the building of foundations 
for the breakthroughs of our own time and the 
future. The amassing of information and under­
standing of the laws and mechanical processes 
of nature (' 'pure research'') is but a means to a 
larger end: total understanding of Nature in 
order, ultimately, to transcend it. 

In this view of the development and goals 
of cultural history, Engels' final goal, quoted 
above in the context of political revolution, 
is again worthy of quotation: 

The whole sphere of the condition of life which en­
viron man, and have hitherto ruled him, now comes 
under the dominion and control of man, who for the 
first time becomes the real conscious Lord of Nature. 

Empirical science is to culture what the shift 
to patriarchy was to the sex dialectic, and what 
the bourgeois period is to the Marxian dialec­
tic-a latter-day stage prior to revolution. 
Moreover, the three dialectics are integrally 
related to one another vertically as well as hori­
zontally: The empirical science growing out of 
the bourgeoisie (the bourgeois period is in it­
self a stage of the patriarchal period) follows 
the humanism of the aristocracy (The Female 
Principle, the matriarchy) and with its develop­
ment of the empirical method in order to amass 
real knowledge (development of modern in­
dustry in order to amass capital) eventually 
puts itself out of business. The body of scien­
tific discovery (the new productive modes) 
must finally outgrow the empirical (capitalistic) 
mode of using them. 

And just as the internal contradictions of 
capitalism must become increasingly apparent, 
so must the internal contradictions of empirical 
science-as in the development of pure knowl­
edge to the point where it assumes a life of 
its own, e.g., the atomic bomb. As long as man 
is still en·gaged only in the means-the charting 
of the ways of nature, the gathering of "pure" 
knowledge-to his final realization, mastery of 
nature, his knowledge, because it is not com­
plete, is dangerous. So dangerous that many 
scientists are wondering whether they shouldn't 
put a lid on certain types of research. But this 
solution is hopelessly inadequate. The machine 
of empiricism has its own momentum, and is, 
for such purposes, completely out of control. 
Could one actualiy decide what to discover 
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or not discover? That is, by definition, anti­
thetical to the whole empirical process that 
Bacon set in motion. Many of the most im­
portant discoveries have been practically labo­
ratory accidents, with social implications barely 
realized by the scientists who stumble into 
them. For example, as recently as five years 
ago Professor F. C. Steward of Cornell dis­
covered a process called "cloning": by placing 
a single carrot cell in a rotating nutrient he 
was able to grow a whole sheet of identical 
carrot cells, from which he eventually re­
created the same carrot. The understanding of 
a similar process for more developed animal 
cells, were it to slip out-as did experiments 
with "mind-expanding" drugs-could have 
some awesome implications. Or, again, imag­
ine parthenogenesis, virgin birth, as practiced 
by the greenfly, actually applied to human fer­
tility. 

Another internal contradiction in empirical 
science: the mechanistic, deterministic, "soul­
less" scientific world-view, which is the result 
of the means to, rather than the (inherently 
noble and often forgotten) ultimate purpose of, 
Empiricism: the actualization of the ideal in 
reality. 

The cost in humanity is particularly high 
to the scientist himself, who becomes little 
more than a cultural technician. For, ironically 
enough, to properly accumulate knowledge of 
the universe requires a mentality the very op­
posite of comprehensive and integrated. 
Though in the long run the efforts of the indi­
vidual scientist could lead to domination of 
the environment in the interest of humanity, 
temporarily the empirical method demands that 
its practitioners themselves become ''objec­
tive,'' mechanistic, overprecise. The public im­
age of the white-coated Dr. Jekyll with no feel­
ings for his subjects, mere guinea pigs, is not 
entirely false: there is no room for feelings in 
the scientist's work; he is forced to eliminate 
or isolate them in what amounts to an occupa­
tional hazard. At best he can resolve this prob­
lem by separating his professional from his 
personal self, by compartmentalizing his emo­
tion. Thus, though often well-versed in an aca­
demic way about the arts-the frequency of 
this, at any rate, is higher than of artists who 
are well-versed in science-the scientist is 
generally out of touch with his direct emotions 
and senses, or, at best, he is emotionally di­
vided. His "private" and "public" life are out 
of whack; and because his personality is not 

well-integrated, he can be surprisingly conven­
tional C 'Dear, I discovered how to clone peo­
ple at the lab today. Now we can go skiing 
at Aspen.") He feels no contradiction in living 
by convention, even in attending church, for 
he has never integrated the amazing material 
of modern science with his daily life. Often 
it takes the misuse of his discovery to alert him 
to that connection which he has long since lost 
in his own mind. 

The catalogue of scientific vices is familiar: 
it duplicates, exaggerates, the catalogue of 
"male" vices in general. This is to be ex­
pected: if the Technological Mode develops 
from the male principle then it follows that 
its practitioners would develoop the warpings of 
the male personality in the extreme. But let 
us leave science for the moment, winding up 
for the ultimate cultural revolution, to see what 
meanwhile had been happening to the aes­
thetic culture proper. 

With philosophy in the broadest classical 
sense-including "pure" science-defecting, 
aesthetic culture became increasingly narrow 
and ingrown, reduced to the arts and humanities 
in the refined sense that we now know them. 
Art (hereafter referring to the "liberal arts," 
especially the arts and letters) had always been, 
in its very definition, a search for the ideal, 
removed from the real world. But in primitive 
days it had been the handmaiden of religion, 
articulating the common dream, objectifying 
"other" worlds of the common fantasy, e.g., 
the art of the Egyptian tombs, to explain and 
excuse this one. Thus even though it was re­
moved from the real world, it served an im­
portant social function: it satisfied artifically 
those wishes of society that couldn't yet be 
realized in reality. Though it was patronized 
and supported only by the aristocracy, the cul­
tured elite, it was never as detached from life 
as it later became; for the society of those times 
was, for all practical purposes,synonymous 
with its ruling class, whether priesthood, mon­
archy, or nobility. The masses were never con­
sidered by "society" to be a legitimate part 
of humanity, they were slaves, nothing more 
than human animals, drones, or serfs, without 
whose labor the small cultured elite could not 
have maintained itself. 

The gradual squeezing out of the aristocracy 
by the new middle class, the bourgeoisie, sig­
nalled the erosion of aesthetic culture. We have 
seen that capitalism intensified the worst attri­
butes of patriarchalism, how, for example, the 
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nuclear family emerged from the large, loose 
family household of the past, to reinforce the 
weakening sex class system, oppressing women 
and children more intimately than ever before. 
The cultural mode favored by this new, heavily 
patriarchal bourgeoisie was the "male" Tech­
nological Mode-objective, realistic, factual, 
"commonsense" -rather than the effeminate, 
otherworldly, "romantic idealist" Aesthetic 
Mode. The bourgeoisie, searching for the ideal 
in the real, soon developed the empirical sci­
ence that we have described. To the extent 
that they had any remaining use for aesthetic 
culture, it was only for "realistic" art, as op­
posed to the "idealistic" art of classical antiq­
uity, or the abstract religious art of primitive 
or medieval times. For a time they went in 
for a literature that described reality-best 
exemplified by the nineteenth-century novel­
and a decorative easel art: still lifes, portraits, 
family scenes, interiors. Public museums and 
libraries were built alongside the old salons 
and private galleries. But with its entrench­
ment as a secure, even primary, class, the bour­
geoisie no longer needed to imitate aristocratic 
cultivation. More important, with the rapid 
development of their new science and tech­
nology, the little practical value they had for 
art was eclipsed. Take the scientific develop­
ment of the camera: The bourgeoisie soon 
had little need for portrait painters� the little 
that painters or novelists had been able to do 
for them, the camera could do better. 

""Modern'' art was a desperate, but finally 
self-defeating, retaliation ( "epater le bour­

geois'') for these injuries: the evaporation of 
its social function, the severance of the social 
umbilical cord, the dwindling of the old sources 
of patronage. The modern art tradition, associ­
ated primarily with Picasso and Cezanne, and 
including all the major schools of the twentieth 
century-cubism, constructivism, futurism, ex­
pressionism, surrealism, abstract expression­
ism, and so on-is not an authentic expression 
of modernity as much as it is a reaction to the 
realism of the bourgeoisie. Post-impressionism 
deliberately renounced all reality-affirming 
conventions-indeed the process began with 
impressionism itself, which broke down the 
illusion into its formal values, swallowing re­
ality whole and spitting it up again as art-to 
lead eventually to an art-for-art's-sake so pure, 
a negation of reality so complete as to make 
it ultimately meaningless, sterile, even absurd. 
(Cab drivers are philistine: they know a put-on 

when they see one.) The deliberate violating, 
deforming, fracturing of the image, called 
"modern" art, was nothing more than a fifty­
year idol smashing-eventually leading to our 
present cultural impasse. 

In the twentieth century, its life blood 
drained, its social function nullified altogether, 
art is thrown back on whatever wealthy classes 
remain, those nouveaux riches-particularly in 
America, still suffering from a cultural infe­
riority complex-who still need to prove they 
have "'arrived" by evidencing a taste for cul­
ture. The sequestering of intellectuals in ivory 
tower universities, where, except for the sci­
ences, they have little effect on the outside 
world, no matter how brilliant (and they 
arcn 't, because they no longer have the neces­
sary feedback); the abstruse-often literally 
unintelligible-jargon of the social sciences; 
the cliquish literary quarterlies with their 
esoteric poetry; the posh 57th Street galleries 
and museums (it is no accident that they are 
right next door to Saks Fifth A venue and Bon­
wit Teller) staffed and supplied by, for the 
most part, fawning rich-widows' -hairdresser 
types; and not least the vulturous critical 
establishment thriving on the remains of what 
was once a great and vital culture-all testify 
to the death of aesthetic humanism. 

For the centuries that Science climbed to 
new heights, Art decayed. Its forced inbreeding 
transformed it into a secret code. By defini­
tion escapist from reality, it now turned in 
upon itself to such degree that it gnawed away 
its own vitals. It became diseased-neurotically 
self-pitying, self-conscious, focused on the past 
(as opposed to the futurist orientation of t�e 
technological culture) and thus frozen into 
conventions and academies-orthodoxies of 
which "avant-garde" is only the latest-pining 
for remembered glories, the Grand Old Days 
When Beauty- Was In Flower; it became pessi­
mistic and nihilistic, increasingly hostile to the 
society at large, the ''philistines.'' And when 
the cocky young Science attempted to woo Art 
from its ivory tower-eventually garret-with 
false promises of the courting lover (' 'You can 
come down now, we're making the world a 
better place every day"), Art refused more 
vehemently than ever to deal with him, much 
less accept his corrupt gifts, retreating ever 
deeper into her daydreams-neoclassicism, 
romanticism, expressionism, surrealism, exis­
tentialism. 

The individual artist or intellectual saw him-
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self as either a member of an invisible elite, 
a ·\highbrow,'' or as a down-and-outer, min­
gling with whoever was deemed the dregs of his 
society. In both cases, whether playing Aristo­
crat or Bohemian, he was on the margins of 
the society as a whole. The artist had be­
come a freak. His increasing alienation from 
the world around him-the new world that 
science had created was, especially in its pri­
mitive stages, an incredible horror, only in­
tensifying his need to escape to the ideal 
world of art-his lack of an audience, led to a 
mystique of Hgcnius." Like an ascetic Saint 
Simeon on his pedestal, the Genius in the Gar­
ret was expected to create masterpieces in a 
vacuum. But his artery to the outside world 
had been severed. His task, increasingly impos­
sible, often forced him into literal madness, 
or suicide. 

Painted into a comer with nowhere else to 
go, the artist has got to begin to come to terms 
with the modern world. He is not too good 
at it: like an invalid shut away too Jong, he 
dosen 't know anything about the world any­
more, neither politics, nor science, nor even 
how to live or love. Until now, yes, even now, 
though Jess and less so, sublimation, that warp­
ing of personality, was commendable: it was 
the only (albeit indirect) way to achieve ful­
fillment. But the artistic process has-almost­
outlived its usefulness. And its price is high. 

The first attempts to con front the modern 
world have been for the most part misguided. 
The Bauhaus, a famous example, failed at its 
objective of replacing an irrelevant easel art 
(only a few optical illusions and designy chairs 
mark the grave), ending up with a hybrid, 
neither art nor science, and certainly not the 
sum of the two. They failed because they 
didn't understand science on its own terms: to 
them, seeing in the old aesthetic way, it was 
simply a rich new subject matter to be digested 
whole into the traditional aesthetic system. It 
is as if one were to see a computer as only a 
beautifully ordered set of lights and sounds, 
missing completely the function itself. The 
scientific experiment is not only beautiful, an 
elegant structure, another piece of an abstract 
puzzle, something to be used in the next col­
lage-but scientists, too, in their own way, 
see science as this abstraction divorced from 
life-it has a real intrinsic meaning of its own, 
similar to, but not the same as, the "presence," 
the "en-soi," of modern painting. Many artists 
have made the mistake of thus trying to annex 

science, to incorporate it into their own artistic 
framework, rather than using it to expand that 
framework. 

Is the current state of aesthetic culture all 
bleak? No, there have been some progressive 
developments in contemporary art. We have 
mentioned how the realistic tradition in painting 
died with the camera. This tradition had de­
veloped over centuries to a level of illusionism 
with the brush-examine a Bouguereau-that 
was the equal of, better than, the early photog­
raphy, then considered only another graphic 
medium, like etching. The beginning of the 
new art of film and the realistic tradition of 
painting overlapped, peaked, in artists like 
Degas, who used a camera in his work. Then 
realistic art took a new course: Either it became 
decadent, academic, divorced from any market 
and meaning, e.g., the nudes that linger on in 
art classes and second-rate galleries, or it was 
fractured into the expressionist or surrealist 
image, posing an alternate internal or fantas­
tical reality. Meanwhile, however, the young 
art of film, based on a true synthesis of the 
Aesthetic and Technological Modes (as Empiri­
cism itself had been), carried on the vital realis­
tic tradition. And just as with the marriage of 
the divided male and female principles, em­
pirical science bore fruit; so did the medium of 
film. But, unlike other aesthetic media of the 
past, it broke down the very division between 
the artificial and the real, between culture and 
life itself, on which the Aesthetic Mode is 
based. 

Other related developments: the exploration 
of artificial materials, e.g., plastics; the attempt 
to confront plastic culture itself (pop art); the 
breakdown of traditional categories of media 
(mixed media), and of the distinctions between 
art and reality itself (happenings, environ­
ments). But I find it difficult to unreservedly 
call these latter developments progressive: 
as yet they have produced largely puerile and 
meaningless works. The artist does not yet 
know what reality is, let alone how to affect 
it. Paper cups lined up on the street, pieces of 
paper thrown into an empty lot, no matter how 
many ponderous reviews they get in Art News,

are a waste of time. If these clumsy attempts are 
at all hopeful, it is only insofar as they are signs 
of the breakdown of "fine" art. 

The merging of the Aesthetic with the Tech­
nological Mode will gradually suffocate 
"pure" high art altogether. The first break­
down of categories, the remerging of art with 
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a (technologized) reality, indicate that we are 
now in the transitional pre-revolutionary period, 
in which the three separate cultural streams, 
technology ("applied science"), "pure re­
search," and "pure" modern art, will melt 
together-along with the rigid sex categories 
they reflect. 

The sex-based polarity of culture still causes 
many casualities. If even the ''pure'' scientist, 
e.g., nuclear physicist (let alone the ''applied''
scientist, e.g., engineer), suffers from too much
''male,'' becoming authoritarian, conventional,
emotionally insensitive, narrowly unable to 
understand his own work within the scientific­
let alone cultural or social-jigsaw, the artist,
in terms of the sex division, has embodied all
the imbalances and suffering of the female
personality: temperamental, insecure, paranoid,
defeatist, narrow. And the recent withholding
of reinforcements from behind the front (the
larger society) has exaggerated all this enor­
mously; his overdeveloped ''id'' has nothing
left to balance it. Where the pure scientist is
''schiz,'' or worse, ignorant of emotional re­
ality altogether, the pure artist rejects reality
because of its lack of perfection, and, in mod­
ern centuries, for its ugliness. :l 

And who suffers the most, the blind (scien­
tist) or the lame (artist)? Culturally, we have 
had only the choice between one sex role or 
the other: either a social marginality leading to 
self-consciousness, introversion, defeatism, 
pessimism, oversensitivity, and lack of touch 
with reality, or a split "professionalized" per­
sonality, emotional ignorance, the narrow 
views of the specialist. 

CONCLUSION: THE CULTURE­

ANTICULTURE REVOLUTION 

I have tried to show how the history of cul­
ture mirrors the sex dichotomy in its very orga­
nization and development. Culture develops 
not only out of the underlying economic dia­
lectic, but also out of the deeper sex dia• 
lectic. Thus, there is not only a horizontal dy­
munic, but a vertical one as well: each of these 
three strata forms one more story of the dialec­
tics of history based on the biological dualism. 
At present we have reached the final stages of 
Patriarchalism, Capitalism (corporate capital­
ism), and of the Two Cultures at once. We shall 
soon have a triplicate set of preconditions for 
revolution, the absence of which is responsible 
for the failure of revolutions of the past. 

The difference between what is almost pos-

sible and what exists is generating revolutionary 
forces.·1 We are nearing-I believe we shall
have, perhaps within a century, if the snowball 
of empirical knowledge doesn't smash first 
of its own velocity-a cultural revolution, as 
well as a sexual and economic one. The cul­
tural revolution, like the economic revolution, 
must be predicated on the elimination of the 
(sex) dualism at the origins not only of class, 
but also of cultural division. 

What might this cultural revolution look like? 
Unlike 4 4 Cultural revolutions" of the past, it 
would not be merely a quantitative escalation, 
more and better culture, in the sense that the 
Renaissance was a high point of the Aesthetic 
Mode, or that the present technological break­
through is the accumulation of centuries of 
practical knowledge about the real world. Great 
as they were, neither the Aesthetic nor the 
Technological culture, even at their respective 
peaks, ever achieved universality-either it wns 
wholistic but divorced from the real world, 
or it "achieved progress," at the price of cul­
tural-schizophrenia, and the falseness and dry­
ness of 4'objectivity.'' What we shall have in 
the next cultural revolution is the reintegra­
tion of the Male (Technological Mode) with 
the Female (Aesthetic Mode), to create an an­
drogynous culture surpassing the highs of either 
cultural stream, or even of the sum of their 
integrations. More than a marriage, rather an 
abolition of the cultural categories themselves, 
a mutual cancellation-a matter-antimatter ex­
plosion, ending with a poof! culture itself. 

We shall not miss it. We shall no longer 
need it: by then humanity will have mastered 
nature totally, will have realized in actuality 

its dreams. With the full achievement of the 
conceivable in the actual, the surrogate of cul­
ture will no longer be necessary. The sublima­
tion process, a detour to wish fulfillment, will 
give way to direct satisfaction in experience, 
as felt now only by children, or adults on drugs. 
(Though normal adults ''play'' to varying 
degrees, the example that illustrates more im� 
mediately to almost everyone the intense level 
of this future experience, ranking zero on a 
scale of accomplishment-' 'nothing to show 
for it'' -but nevertheless somehow always 
worth everyone's while, is lovemaking.) Con­
trol and delay of ''id'' satisfaction by the 
"ego" will be unnecessary; the id can live free. 
Enjoyment will spring directly from being and 
acting itself, the process of experience, rather 
than from the quality of achievement. When the 
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male Technological Mode can at least produce 
in actuality what the female Aesthetic Mode 
had envisioned, we shall have eliminated the 
need for either. 

NOTES 

I. I was struck by this at a recent Women's Liberation 
workshop scheduled by the science department of a top­
level eastern university: of the fifty women present, 
only one or two were engaged in research, let alone 
high-level research. The others were lab technicians, 
graduate assistants, high school science teachers, faculty 
wives, and the like. 

THIRD WORLD 

Technology versus civilization 
DENIS GOULET 

2. The idealistic mode, corresponding roughly to the supra­
historical, nomnaterialist ·'metaphysical'· mode of 
thought against which Marx and Engels revolted. 

3. One abstract painter I knew, who had experienced 
the horrors of North African battlefields in World War 
II-fields of men (buddies) rotting in the sun with rats 
darting out of their stomachs-spent years moving a 
pure beige circle around a pure beige square. In this 
manner, the ''modern" anist denies the ugliness of 
reality (rats in the stomachs of buddies) in favor of 
artificial harmonies (circles in squares). 

4. Revolutionaries, by definition, are still visionaries of 
the Aesthetic Mode, the idealists of pragmatic politics. 

a Denis Goulet 11'//J born in 1931 in Fall Rirer, M11s.rnch11setts. A noted author, he pioneered a new discipline -the 

ethics of development. Goulet has lived and worked in Aji'ica, the ,Hiddle East, Europe, 1111d Latin America. fie 

holds degrees in philosophy, social planning, and political .1·cie11ce. Currently, he is II senior fellow at th1• Overseas 
Development Council in Wa.vhi11gro11, D.C. Among his books are A New Moral Order: Development Ethics and 

Liberation Theology (1974) and The Crucial Choice: A New Concept in the Theory of Development (1971). 

In The Uncertain Promise ( 1977), Goulet emluates the proh/ems 1111d promises o
f 

the transfer o
f 

tech1111/11gy to the 

Third World. fie al.w di.1-ctt.ues questions of11olicy involved in such tranifer.L The selection included here co11tai11.1· a 

critique of We.Hern tech1111/11gy, which · ·11ow thremens to annihilate the /r11ma11 species, to destroy the planet's capac­

ity to support life, 1111d to e/imi11ate /r11ma11111e1111illl(S in life." And yet, Ire notes, it is often argued that the world rn11• 

not escape a global culture based 011 Wesrem technology. Quoting John White, Goulet scofj.1· at this argument a.1· "the 

last and brillant ejfort of the white northem ivor/d to maintain its c11/t11ral dominance in perpetuity, lll(lli11.1·t history, by 

tire pretence that there is 110 alternative." 

But there is an alternative. It is to allow the "underdeveloped" nations to us!! their own wisdom in dev1!lopi111( 

ji'es/r outlooks 011 the relation o
f 

tech110/ogy 111 society 1111d to help bring forth a new, 11011-elitist, world order. Thus 

"the very inability of some poor nation.,· to achie,·e 'developme111' may prove a blessing in disguise." Nevertheless, 

Goulet is not m1 a111i-tech110/ogi.1·r. Flis critique is designed to point 0111 the dangers of western technology before 

it is too late. What he hopes ji1r is II world technology with a human, nonimperialist, ji1ce. 

Normative consensus over how to deal with 
change is a vital element in every culture. The 
term culture, as here employed, embraces the 
way of life of all human groups. It includes 
all the standardized learning and forms of be­
havior which others in one's group learn to 
recognize and expect: language and symbols; 
multiple forms of organization (family, kin, 
occupational roles, legitimacy and authority 
structures, etcetera); heritage (religious, cs­
thetic, ethical, natural). A civilization, in turn, 
is simply one species in the genus culture, 
namely, 

D From The Uncertain Promise (New York: !DOC/North 
America, 1977), pp. 243-251. 

that kind of culture which includes the use of writ· 
ing the presence of cities and of wide political organi­
zation and the development of occupational special­
ization.1 

Central to the notion of all cultures are col­
lective identity, boundaries of inclusion or 
exclusion of individuals (whether based on 
criteria of space, lineage, or blood), continuity, 
and a common historical experience. To all 
these traits must be added a shared sense of 
responsibility for the maintenance, dignity, and 
freedom of the group. Technology poses a 
unique challenge to culture because its own 
value dynamics run counter to the limits 
posed by cultural identity, by spatial or ter­
ritorial loyalties, or by consensual norms of 
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thought and symbolization. The progressive 
unification of the globe has occurred within 
a Western framework, but Toynbee believes 
that "the present Western ascendency in the 
world is certain not to last.' ' 2 British econo­
mist John White explains why: 

By all historical parallels, development in the so­
called Third World ought to take the form of the 
rise of new and competing cultures to contend with 
the old and dying civilization which is co-terminous 
with the white western world stretching from Cali­
fornia to the Urals. The obvious candidates are in 
Asia, especially in East Asia, where two societies 
have succeeded in modernizing on the basis of 
models of social organization which are historically 
specific and owe little to the international develop­
ment industry. Y ct two new factors cast doubt on 
the relevance of the Toynbee-esque model of the 
challenge and response of competing cultures: 

(I) technology;
(2) telecommunications.
These factors open the anti-developmental and

rather depressing possibility of a single and un­
challengeable g1obal culture. Can there ever again 
be a new civilization? 

The assumption that development is a general­
isable concept must be seen in this context. It is 
far more potent than the crude instruments of 'neo­
colonialism.' It is the last and brilliant effort of the 
white northern world to maintain its cultural dom­
inance in perpetuity, against history, by the pretence 
that there is no alternative. :i 

Is there truly no alternative to standardized 
technology? Is advanced industrial society 
incorrigibly one-dimensional? Notwithstanding 
its enchantment with modern technology, will 
the Third World be lured by technology into 
betraying its deeper values as fully as has the 
West its own? The very impact of Western 
technology on other civilizations has helped 
non-Western peoples re-educate themselves. 
Out of the clash of values has come the clear 
lesson that no single nation or people can for­
ever be the center of the universe. And though 
the West has spread the virus of acquisitive­
ness and the idolatry of material success every­
where, almost nowhere has the West won the 
hearts of other peoples. Even those who grasp 
after the West's tools or material rewards do 
not hold the West's culture in high esteem. 
A historical parallel is worth citing here. When 
Napoleon conquered Egypt, the Muslim his­
torian Al-Gabarti displayed no interest in the 
Frenchman's technology or material wares. 

AI-Gabarti showed a nicer discrimination. French 
technology hit him in the eye, but he persisted in 
waiting for a sign. For him, the touchstone of West­
ern civilization, as of his own, was not technology 
but justice. This Cairene scholar has apprehended 
the heart of the matter, the issue which the West 
has still to fight out within itself. · 1 

Toynbee views Western technology as a kind 
of scaffolding around which all societies are 
building themselves into a unified world. Yet 
this Western-built scaffolding is not it.self 
durable: 

The most obvious ingredient in it is technology, 
and man cannot live hy technology alone. In the 
fullness of time, when the ecumenical house of 
many mansions stands firmly on its own founda­
tions and the temporary Western scaffolding falls 
away-as I have no doubt that it will-I believe 
it will become manifest that the foundations are 
firm at last because they have been carried down 
to the bedrock of religion. 5 

The Al-Gabartis of today's Third World no 
longer seek a sign of justice before adopting 
the "developed" world's technology; they ar� 
w�se enough to know that this particular sign 
will not appear. Nevertheless, they intuitively 
understand that technology can outlive the 
"civilization" that diffuses it. Frequently, their 
vision is more lucid than that of Westerners 
whose complacency over their technolonical 
triumphs blinds them both to the injus�ices 
they commit in spreading the imperium of tech­
nology and to the value impasses the West has 
created for itself. 6 

Technology now threatens to annihilate the 
human species, to destroy the planet's capacity 
to support life, and to eliminate human mean­
ings in life. Small wonder, then, that Innuits 
(Eskimos)-prototypes of a pretechnological 
people living at a rudimentary cultural level­
deem themselves superior to technologically 
advanced counterparts. Given the sketchiest 
training, Innuits master tractors and bulldozers 
better than the Kabloona-the White Men. 
They quickly learn how to maintain and re­
pair all types of machinery, and no visitor 
can ever learn as much as they already know 
about Artie conditions. As Lord Ritchie-Calder 
reports: 

That is why they call the Eskimo /111111it, the Real 
Man. They know that Kab/oona cannot exist in 
Eskimo country without a welter of civilized equip­
ment such as heated houses, radios, aircraft, supply 
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ships, and so on, while everything an Eskimo fam­
ily needs to sustain life under the harshest condi­
tions can be carried on a single dog sledge. When 
Kah/oona goes traveling by land it is l111wit who 
must show him the way. So, since he can learn White 
Man's ways quicker than the White Man can learn 
his, the Eskimo, without arrogance, knows that he 
is the Real Man.7

Like the lnnuits, other Third World culture 
groups may prove able to master Kabloona's 
technology more quickly than the White Man 
can learn Innuit's independence or flexibility. 
Perhaps only societies which for centuries have 
respected nature can adapt technology in a non­
Promethean mode. Can it be that only cultures 
which cherish community and kin relationships 
have long-range survival capacities in a world 
where competition will prove to be not only 
socially rapacious but dysfunctional to survival 
as well? "Conciliatory" speeches from First 
World leaders purvey a "trickle down" im­
agery: the rich are to get still richer but, in the 
process, something will be left over for the 
poor to improve their lot. 8 This view is hardly 
calculated to induce, in arenas of global de­
velopment, a' 'wisdom to match our sciences.'' 
On the contrary, it exacerbates the very in­
equalities which technology breeds and which 
in turn reinforce technology's own tendency 
to become a self-validating end. 

In international discussions, ''developed'' 
countries display a terminological schizophre­
nia parallel to the one they employ domesti­
cally. The French political theorist Raymond 
Aron contends that 

industrial societies proclaim an egalitarian concep­
tion of society; yet at the same time they give rise 
to collective organizations which arc increasingly 
gigantic and to which individuals are progressively 
more integrated. They spread an egalitarian concep­
tion but create hierarchical structures. Thus every 
industrial society needs an ideology to fill up the 
gap between what men live and what, according to 
ideas, they ought to live. We observe an extreme 
form of this contradiction in Soviet society where, 
in the name of an ideology of abundance, consump­
tion is curtailed as much as possible in order to 
increase the power of the collectivity. And the Amer­
ican ideology which allows the reconciliation of 
hierarchic structure with the egalitarian ideal is the 
ancient formula: •'Every infantryman carries in his 
knapsack a field marshal's baton. "! 1 

Dichotomies between rhetoric and reality flow 
necessarily from technology's character as 

simultaneous bearer and destroyer of values. 
Technologies of persuasion and image-making 
''transform culture into luxury'' 10 and atrophy 
the capacity to innovate. Technical integration 
so totally absorbs even revolution that ''the 
supreme luxury of the technical society will 
be to grant the bonus of useless revolt and of 
an acquiescent smile," 11 Scott Buchanan sees 
Ellul's warning as a summons 

to recover our truly scientific understandings, our 
objective knowledge of our ends and the ends of 
nature, and our individual and common wills. This 
might give us back our reverence and love of na­
ture as well as our shrewd ingenuities in exploiting 
jt, I:! 

Optimism with respect to developed coun­
tries seems unfounded, however, for even in 
times of crisis they seem unable to demystify 
technology. As a result, many observers place 
their hopes in the Third World. The Palestinian 
physicist A. B. Zahl an observes that 

these undeveloped human cultural entities may be 
structures within which fresh and non-Western re­
lationships between science, technology and man 
appear that may help resolve the numerous diseases 
of Western society. In other words, it is in the very 
interest of Western society and the human race to 
restrain their cultural imperialism and/or to find 
measures to promote native creativity in Third World 
countries. i:i 

Indeed the very inability of some poor nations 
to achieve ''development'' may prove a bless­
ing in disguise, enabling them to avoid that 
economic ''cannibalism'' by which nations 
devour their own prosperity. 1·1 

Technological idolatry confirms in societies 
alienating forms of development. This is no 
argument for rejecting technology, although 
technological optimists tend to brand any cri­
tique of technology as intellectual Ludditism. 
Criticism, however, is a plea for cultural wis­
dom to guide technology. And as E. F. Schu­
macher writes, 

wisdom demands a new orientation of science and 
technology towards the organic, the gentle, the 
non-violent, the elegant and beautiful. ... We must 
look for a revolution in technology to give us in­
ventions and machines which reverse the destruc­
tive trends now threatening us all. la

Theorists of social change speak of ''viable'' 
and ''unviable'' nations, warning us that many 
extant cultures may prove unable to assimilate 
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technology without "losing their soul." Ironi­
cally, however, today's technologically ''ad­
vanced" societies may well be the first to 
fall victim to general izcd anomie, to which they 
have rendered themselves vulnerable by their 
pursuit of gigantic size, their compulsive vorac­
ity to consume, and their impotence in reward­
ing creativity except in modes which reinforce 
technology's sway. The collapse of the indus­
trial world would not surprise Toynbee, how­
ever; one recurring theme in his Study of His­
tory is the existence of an inverse relation­
ship between the cultural level of societies 
and their degree of technological attainments. 16 

Given that any human group's psychic energy 
is limited, if it channels most of it to solve tech­
nological problems, little is left for truly civ­
ilizational creativity in esthetic and spiritual 
domains. The price paid for success in science 
and technology is often regression on more 
important fronts, a societal analogue of the 
tragic persona familiar to our age: the brilliant 
scientist or industrialist who is emotionally 
a child and politically an idiot. Toynbee writes 
that 

man's intellectual and technological achievements 
have been important to hirn, not in themselves, but 
only in so far as they have forced him to face, and 
grapple with, moral issues which otherwise he might 
have managed to go on shirking. Modern Science 
has thus raised moral issues of profound importance, 
but it has not, and could not have, made any contri� 
bution towards solving them. The most important 
questions that Man must answer are questions on 
which Science has nothing to say. 17 

The "c.lcvelopcd'' West may be ob1iged to 
return to a hierarchy of values like that which 
characterized China during the "Middle 
Ages." Harvard's Everett Mendelsohn, an 
historian of science, thinks that 

had a visitor from Mars dropped down then, roughly 
m1y time from the 5th Century B.C. to the 15th Cen­
tury A.O., Europe would have seemed the least 
likely place for the technological revolution to 
occur ... for technique to be introduced as the ra­
tionale of human activity. China, I would guess, 
would have seemed a much likelier place. Its tech­
nology was far more developed; it ha<l a more ra­
tionalized commerce and was a more sophisticated 
bureaucracy. The mandarins made their counter­
parts in the Vatican look like peasants in terms of 
the use of knowledge, of written language, of sym­
bolism, and in terms of their underswnding of the 
position of technique in human life. 18 

Modern China has turned its back on Confu­
cianism, but its revolutionaries subordinate 
technique to politics and values. China's early 
experience with Western technology taught it 
the lesson that uncritical acceptance of tech­
nology leads ultimately to competition, waste, 
and exploitation. Because technology has to be 
subordinated to other values, all societies, "de­
veloped" and '"underdeveloped" alike, wil1 
need to revitalize their traditions to serve their 
future. rn 

One conclusion reached in the present study 
is that technology can be controlled if it is not 
sought as an absolute. Paradoxically, tech­
nology is indispensable in struggles against 
the miseries of underdevelopment and against 
the peculiar ills of overdevelopment. Tech­
nology can serve these noble purposes, how­
ever, only in those societies in which ideology, 
values, and decisional structures repudiate the 
tendency of technology to impose its own logic 
in striving after goals. Toynbee hopes for the 
advent of wisdom from efforts by the world's 
higher religions-Buddhism, Hinduism, Islam, 
Judaism, and Christianity-to come to terms 
with universalism and secularism. Lewis 
Mumford prefers to remind us that civilizations 
of the past 

did not regard sicentific discovery and technological 
invention as the sole object of human existence; 
for I have taken life itself to be the primary phenom­
enon, and creativity, rather than the 'conquest of 
nature,' as the ultimate criterion of man's biologi-
cal and cultural success. 20

"' 

Glorifying life and creativity, however, does 
not guarantee the fu11ness of their development. 
Life also comes to an end, and civilizations 
too, as Paul Valery poignantly reminds us, are 
mortal. And technological creativity can be put 
to destructive purposes. This danger revives 
ancient philosophical questions as to the mean­
ing of death, of suffering, of tragedy, of ul­
timate meaning. 21 All known civilizations have 
answered these questions in religious, albeit 
not always in transcendental, terms. Conse­
quently, the religious myth of Prometheus il­
luminates the destiny of civilizations in a post­
technological age. 

If humankind is a despairing Prometheus 
plagued by guilt over having stolen from heav­
en the devine fire called technology, it cannot 
avoid being enslaved by its own creation. If, 
on the other hand, humankind accepts tech­
nology as a free gift of the gods enabling the 
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construction of a better world and a closer af­
finity with the divine, it remains possible for 
human beings not to fall into the idolatry trap. 22 

It is no accident that it is precisely within al­
legedly "one-dimensional" societies like the 
United States that the strongest voices are heard 
warning against the twin evils of anti technolog­
ical idiocy and romantic technological opti­
mism. Myron Bloy, a theologian and author 
of The Crisis of Technological Change, sees 
technology bringing new freedoms and new 
capacities for basing an emerging culture on 
critically defined norms and values. He explains 
that, during the technological era, 

God is, in effect, kicking us in the pants and telling 
us that it is time to grow up. We arc given the tools 
needed to shape a new culture and allowed to use 
them ef

f

ectively only in the service of a prophetic 
committment. ... There is no assurance that society 
will accept this challenge rather than hide in in­
creasingly frenzied opcrationalism or increasingly 
brittle idealisms until we are overwhelmed by chaos, 
but these are our only two options. 2'1 

These two options now confront not the United 
States alone but the entire world. The first 
choice is prophetic commitment to peace, jus­
tice, material sufficiency for all, ecological 
integrity, and the rebirth of vital cultural di­
versity. 21 The alternative, inevitable if the first 
option is declined, is chaos: exploitative de­
velopment for the few at the expense of the 
many war-making, technological servitude, 
ecological pathology, and the reification of all 
human values. 

This study of values conflicts in technology 
transfer has attempted to peel away the mysti­
fications which veil the true impact of tech­
nology on societies nurturing diverse images 
of development. Technology is revealed herein 
as a two-edged sword, simultaneously bearer 
and destroyer of values. Yet technology is not 
static: it is a dynamic and expansionist social 
force which provides a "competitive edge" 
enabling its possessors to conquer economic, 
political, and cultural power. Consequently, 
Third World efforts to harness technology to 
broader developmental goals are paradigmatic 
of a still greater task: to create a new world 
order founded not on elitism, privilege, or force 
but on effective solidarity in the face of human 
needs. The gestation of a new world order 
poses two troubling questions for all societies: 
Can technology be controlled, and will culture 
survive? 

To these two questions the answer is a quali­
fied yes. But several conditions must first be 
met. Those who aspire to master technology 
must learn to look critically and constructively 
at their own cultural wisdom. This searching 
look at the past is needed if they arc to escape 
the reductionism which impregnates the tech­
nological cast of mind. It is to be hoped that 
out of the confrontation between past values 
and present technological necessities may 
emerge new sources of life, creativity, and 
organic thinking. 

New forms of knowledge must be born. 
French sociologist Edgar Morin pleads for 

a restructuring of the general shape of knowl­
edge ... a totally new conception of science it­
self which will challenge and overturn not only 
established boundaries among disciplines but the 
very cornerstones of all paradigms and, in a sense, 
the scientific institution itself. 25 

Only thus can human knowledge adequately 
explain "the anthropological trinity of species, 
society, and the individual.' ' 26 

The revitalization of traditions, values, and 
wisdoms in the light of modern technological 
challenges and the construction of new modes 
of understanding must occur at two levels. 
While particular loyalties and values are re­
vived, more universal attachments to a global 
order must also gain sway. World-order think­
ing is essential, writes Indian economist Rajni 
Kothari, because 

it is no longer possible to bring about successful 
change of an enduring kind in one area or country, 
except in very marginal ways, without taking account 
of the world context. Even revolutions suffer from 
this limitation. Similarly, no amount of either 
pleading or moralizing to restrain standards of con­
sumption or curb 'chauvinist' tendencies is likely 
to go far in the poorer regions unless at the same 
time a similar onslaught is directed at the citadels 
of affluence and the centres of political and military 
dominance. 2; 

New planetary bargains must be struck between 
the rich and poor, the technologically advanced 
and those less so. 28 

Can a global order promote just develop­
ment, technological wisdom, ecological health, 
and reciprocity among all societies? The op­
tions are posited by Reimer in these terms: 

Effective curtailment of world population and of 
energy and other technological uses will require 
either a world dictatorship, for which history pro-
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vides no model, or an ethical social order for which 
there is even less historic precedent. Failing con­
trol by one of these means, the industrial world 
cannot survive. If the industrial world breaks down, 
however, only the same alternatives remain as 
suitable models for a viable new social order. In this 
case, however, an additional pc;ssibility occurs; 
namely, that no reconstruction but an indefinite 
period of barbarism might ensue."!' 

The "developed" West has shaped modern 
technology and aggressively exported it to 
other societies, most of whom received it av­
idly. While processes of technology transfer 
have solved innumerable problems, they have 
likewise destroyed many of the cultural values 
societies need to achieve a wisdom to match 
their sciences. The tragic truth is, as Mumford 
writes, that 

Western man not merely blighted in some degree 
every culture that he touched, whether "primitive" 
or advanced, but he also robbed his own descendants 
of countless gifts of art and craftmanship, as well 
as precious knowledge passed on only by word of 
mouth that disappeared with the dying languages 
of dying peoples. :m 

Many Third World leaders resignedly accept 
the destruction of their own cultures in order 
to gain modernity. A general uneasiness has 
come to prevail, therefore, in all areas where 
development is discussed. Visions of brave new 
worlds are no longer euphoric; even erstwhile 
champions of development have grown fearl'ul 
of apocalypse. Especially in the rich world, 
social critics grow weary and pessimistic and 
come to fear developmental change. '11 All so­
cieties, developed and nondeveloped, are being 
forced to make what French philosopher J.M. 
Domenach calls a "return to the tragic. ":12 No
longer do any certitudes exist regarding the 
course of technology or the future of human­
kind. Yet this very obscurity is salutary; our age 
has learned that easy certitudes are mere tran­
quilizers peddled in the markets of meaning. 

Technology is no panacea for the ills of un­
derdevelopment; even at best its promise is 
uncertain. And no romantic flight from tech­
nology can bring salvation from the alienation 
specific to "developed" societies. For every 
historical experience of social change is, as 
Domenach reminds us, true tragedy "thrusting 
us to the very heart of those relations which 
any society has of its own self-image, its lan­
guage, its history and its future. "'1a

As all societies struggle to create a world 

of genuine development, value conflicts will 
endure. But these conflicts, like technology 
itself, can prove beneficial. The key lies in the 
criteria chosen to decide which values will 
be destroyed and which will be preserved. 
Technology is indeed a two-edged sword, at 
once beneficent and destructive. But so is de­
velopment itself. So is all of human history. 
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THIRD WORLD 

Contemporary Western man between 
the rim and the axis 
SEYYED HUSSEIN NASR 

• Scyycd Hosscin Nasr 1wrs /Jo/'ll in 1933 in Tl'hera11. He was educated at the Mas.1·achuse11.1· lnstitutl' ofTec/1110/ogy 
and ha.,· wught at institutions all over the world, includinfi H{lrvard and the America11 University of Beimt. He was 
u!llil recently director of the Imperial Iranian Academy o f Philosophy and chancellor o

f 

Arya111ehr Uni1·ersi1y in 
Tehran. Nasr is i!llerested in the traditional and sacred ans, and has published widely in the areas ofphilo.wphy, 
history, and religion. Among his work.I' are Science and Civilization in Islam (1968) and Encounter of Man and 
Nature ( 1968).

In Islam and the Plight of Modern Man ( 1975 ), Nasr expounds the Islamic i111e!/ec111al {Ind .,pi ritual heriwge as the 
way out oft/re moms.1· in which co11te111pomry We.,te/'ll 11wn finds himself. This short selection discusses the problem of 

arnnesis, or j<Jrgetful11e.1·s, in mode/'ll 111an. ''Mode/'ll man has simply j<Jrgo11e11 who he i.\"' and, like Fm1.1·1, ha.,· sold 
his soul "to gain dominion over the natural environment" and to create "a situation in which the very control of the 
environme/ll is tu/'lling into it.1· strangulation. bringing in its wake 1101 only ecocide bur also, 11lti111ately, suicid,,,'' 

711e IH1sis of this crisis is n11111'.1· misconception o
f 

his mvn nature. In his rebellion against heaven, man ha.1· 
attempted to underswnd hi.1· nature through a "sl'ielllijic" study of fragme!lled huma11 behaviour. 8111 that luu gh·e11 
him only external and superficial knowledge of 

himself. It has 1101 given him k11owledge of the esselllial characteristics 
of huma11 11ature, i11c/11ding its !>piritual dime11sion. Such k11ow!edge can be achieved 011/y through an mvareness of 
i111eriority, a direct awarene.u of the self in the light of God. 

The confrontation of man's own inventions 
and manipulations, in the form of technology, 
with human culture, as well as the violent effect 
of the application of man's acquired knowledge 
of nature to the destruction of the natural envi­
ronment, have in fact reached such proportions 
that many people in the modern world, espe­
c
_
ially in the West, are at last beginning toques­

tion the validity of the conception of man held 
in the Occident since the rise of modern civili­
zation. But, despite this recent awareness, in 
order to discuss such a vast problem in a mean­
ingful and constructive way, one must begin by 
clearing the ground of the obstacles which usu­
ally prevent the profoundest questions involved 
from being discussed. Modern man has burned 
his hands in the fire which he himself kindled 
when he allowed himself to forget who he is. 
Having sold his soul in the manner of Faust to 
gain dominion over the natural environment, he 
has created a situation in which the very control 
of the environment is turning into its strangula­
tion, bringing in its wake not only ecocide but 
also, ultimately, suicide. 

1 

The danger is now evident enough not to 
need repetition. Whereas only two decades ago 
everyone spoke of man's unlimited possibility 
for development understood in a physical and 

D Frorn Islam and the Plixht of' Modem Man (London: 
Longman Group Ltd., 1975), pp. 3-7. 

materialistic sense, today one speaks of "limits 
to growth"-a phrase well-known in the West 
today-or even of an imminent cataclasm. But 
the concepts and factors according to which the 
crisis is analyzed, the solutions sought after and 
even the colours with which the image of an im­
pending doom arc depicted are usually all in 
terms of the very elements that have brought 
the crisis of modern man into being. The world 
is still seen as devoid of a spiritual horizon, 
not because there is no such horizon present, 
but because he who views the contemporary 
landscape is most often the man who lives at the 
rim of the wheel of existence and therefore 
views all things from the periphery. He remains 
indifferent to the spokes and completely obliv­
ious of the axis or the Centre, which neverthe­
less remains ever accessible to him through 
them. 

The problem of the devastation brought upon 
the environment by technology, the ecological 
crisis and the like, all issue from the malady of 
amnesis or forgetfulness from which modern 
man suffers. Modern man has simply forgotten 
who he is. Living on the periphery of his own 
existence he has been able to gain a qualitative­
ly superficial but quantitatively staggering 
knowledge of the world. He has projected the 
externalized and superficial image of himself 
upon the world. 1 And then, having come to 
know the world in such externalized terms, he 
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has sought to reconstruct an image of himself 
based upon this external knowledge. There has 
been a series of "falls" by means of which man 
has oscillated in a descending scale between an 
ever more externalized image of himself and of 
the world surrounding him, moving ever further 
from the Centre both of himself and of his cos­
mic environment. The inner history of the so­
called development of modern Western man 
from his historic background as traditional 
man-who represents at once his ancestor in 
time and his centre in space-is a gradual alien­
ation from the Centre and the axis through the 
spokes of the wheel of existence to the rim, 
where modern man resides. But just as the exis­
tence of the rim presupposes spokes which con­
nect it to the axis of the wheel, so does the very 
fact of human existence imply the presence of 
the Centre and the axis and hence an inevitable 
connection of men of all ages with Man in his 
primordial and eternal reality as he has been, 
is, and will continue to be, above all outward 
changes and transformations. 2 

Nowhere is the tendency of modern man to 
seek the solution of many problems without 
considering the factors that have caused these 
problems in the first place more evident than 
in the field of the humanities in general and 
the sciences dealing specifically with man, 
which are supposed to provide an insight into 
human nature, in particular. Modern man, hav­
ing rebelled against Heaven, has created a sci­
ence based not on the light of the lntellect:1-as 
we see in the traditional Islamic sciences-but 
on the powers of human reason to sift the data 
of the senses. But the success of this science 
was S<) great in its own domain that soon all 
the other sciences began to ape it, leading to the 
crass positivism of the past century which 
caused philosophy as perennially understood to 
become confused with logical analysis, mental 
acrobatics or even mere information theory, 
and the classical fields of the humanities to be­
come converted to quantified social sciences 
which make even the intuitions of literature 
about the nature of man inaccessible to many 
students and seekers today. A number of scien­
tists are in fact among those most critical of the 
pseudo-humanities being taught in many West­
ern universities in an atmosphere of a psycho­
logical and mental sense of inferiority vis-<1-vis 
the sciences of nature and mathematics, a "hu­
manities" which tries desperately to become 
"scientific", only to degenerate into a state of 
superficiality, not to say triviality. ·1 The deca-

dence of the humanities in modern times is 
caused by man's loss of the direct knowledge of 
himself and also of the Self that he has always 
had, and by reliance upon an externalized, in­
direct knowledge of himself which he seeks to 
gain from the outside, a literally "superficial" 
knowledge that is drawn from the rim.and is de­
void of an awareness of interiority, of the axis 
of the wheel and of the spokes which stand al­
ways before man and connect him like a ray of 
light to the supernal sun. 

It is with a consideration of this background 
that certain questions created by the confronta­
tion between the traditional concept of man and 
the "scientific" one must be analyzed and an­
swered. The first of these questions that often 
arise in people's minds is "What is the relation 
of piecemeal scientific evidence about human 
behaviour to what has been called traditional­
ly 'human nature"?" In order to answer this 
question it is essential to remember that the re­
ality of the human state cannot be exhausted by 
any of its outward projections. A particular hu­
man action or behaviour always reflects a state 
of being, and its study can lead to a cer­
tain kind of knowledge of the state of being of 
the agent provided there is already an aware­
ness of the whole to which the fragment can be 
related. Fragmented knowledge of human be­
haviour is related to human nature in the same 
way that waves are related to the sea. There is 
certainly a relationship between them that is 
both causal and substantial. But unless one has 
had a vision of the sea in its vastness and illimit­
able horizons-the sea which reflects the Infi­
nite and its inimitable peace and calm-one 
cannot gain an essential knowledge of it through 
the study of its waves. Fragmented knowledge 
can be related to the whole only when there is 
already an intellectual vision of the whole. 

The careful "scientific" study of fragmented 
human behaviour is incapable of revealing the 
profounder aspect of human nature precisely 
because of an a priori limitation that so many 
branches of the modern behaviouristic sciences 
of man-veritable pseudo-sciences if there ever 
were any5-have placed on the meaning of the 
human state itself. There has never been as little 
knowledge of man, of the anthropos, in differ­
ent human cultures as one finds among most 
modern anthropologists today. Even the medi­
cine men of Africa (not to speak of the Muslim 
sages) have had a deeper insight into human na­
ture than the modern behaviourists and their 
flock, because the former have been concerned 
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with the essential and the latter with the acci­
dental. Now, accidents do possess a reality, 
but they have a meaning only in relation to the 
substance which supports them ontologically. 
Otherwise one could co1Iect accidents and ex­
ternal facts indefinitely without ever reaching 
the substance, or what is essential. The classical 
error of modern civilization, to mistake the 
quantitative accumulation of information for 
qualitative penetration into the inner meaning of 
things, applies here as elsewhere. The study of 
fragmented behaviour without a vision of the 
human nature which is the cause of this behav­
iour cannot itself lead to a knowledge of human 
nature. It can go around the rim of the wheel 
indefinitely without ever entering upon the 
spoke to approach the proximity of the axis and 
the Centre. But if the vision is already present, 
the gaining of knowledge of external human 
behaviour can always be an occasion for recol­
lection and a return to the cause by means of 
the external effect. 

In Islamic metaphysics, four basic qualities 
are attributed to Ultimate Reality, based directly 
on the Quranic verse, ''He is the First and the 

_ Last, the Outward and the Inward" (L VII; 3). 
This attribution, besides other levels of mean­
ing, also has a meaning that is directly perti­
nent to the present argument. God, the Ultimate 
Reality, is both the Inward (al-Satin) and the 
Outward (al-Zahir), the Centre and the Circum­
ference. The religious man sees God as the In­
ward; the profane man who has become com­
pletely oblivious to the world of the Spirit secs 
only the Outward, but precisely because of his 
ignorance of the Centre does not realize that 
even the outward is a manifestation of the Cen­
tre or of the Divine. Hence his fragmented 
knowledge remains incapable of encompassing 
the whole of the rim or circumference and there­
fore, by anticipation, the Centre. A segment of 
the rim remains nothing more than a figure 
without a point of reference or Centre, but the 
whole rim cannot but reflect the Centre. Final­
ly the sage sees God as both the Inward and the 
Outward. He is able to relate the fragmented ex­
ternal knowledge to the Centre and see in the 
rim a reflection of the Centre. But this he is 
able to do only because of his a priori aware­
ness of the Centre. Before being able to see the 
external world-be it the physical world about 
us or the outer crnst of the human psyche-as 
a manifestation of the Inward, one must already 
have become attached to the Inward through 
faith and knowledge. H Applying this principle, 

the sage could thus relate fragmented knowl­
edge to the deeper layers of human nature; but 
for one who has yet to become aware of the In­
ward dimension within himself and the Uni­
verse about him, fragmented knowledge cannot 
but remain fragmentary, especially if it is based 
upon observation of the behaviour of a human 
collectivity most of whose members themselves 
live only on the outermost layers of human exis­
tence and rarely reflect in their behaviour the 
deeper dimension of their own being. 

This last point leads to an observation that 
complements the discussion of principles al­
ready stated. Western man lives for the most 
part in a world in which he encounters few 
people who live on the higher planes of con­
sciousness or in the deeper layers of their being. 
He is therefore, for the most part, aware of only 
certain types of human behaviour, as can be 
readily seen in the writings of most Western 
social scientists, especially when they make 
studies of such traditions as Islam. Fragmented 
knowledge of human behaviour, even if based 
solely on external observation, could aid mod­
ern man to become at least indirectly aware of 
other dimensions of human nature, provided a 
study is made of the behaviour of traditional 
man-of the man who lives in a world with a 
Centre. The behaviour of traditional men of dif­
ferent societies, especially at the highest level 
of the saints and sages-be they from the Chi­
nese, the Islamic, the North American Indian 
or any other traditional background-in the face 
of great trials, before death, in presence of the 
beauty of virgin nature and sacred art, or in the 
throes of love both human and divine, can cer­
tainly provide indications of aspects of human 
nature for the modern observer. Such behaviour 
can reveal a constancy and permanence within 
human nature that is truly astonishing and can 
also be instrumental in depicting the grandeur 
of man, which has been largely forgotten in a 
world where he has become a prisoner to the 
pettiness of his own trivial creations and inven­
tions. Seen in this light, a fragmented knowl­
edge of human behaviour can aid in gaining a 
knowledge of certain aspects of human nature. 
But in any case a total knowledge of this nature 
cannot be achieved except through a knowledge 
of the Centre or axis, which also "contains" 
the spokes and the rim. A famous saying of the 
Prophet of Islam states, ''He who knows him­
self knows his Lord". But precisely because 
''himself'' implies the Self which resides at the 
Centre of man's being, from another point of 
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view this statement can also be reversed. Man 
can know himself completely only in the light 
of God, for the relative cannot be known save 
with respect to the Absolute. 

NOTES 

I. It must be remembered that, in the West, man first re­
belled against Heaven with the humanism of the Renais­
sance; only later did the modern sciences come into 
being. The humanistic anthropology of the Renaissance 
was a necessary background for the scientific revolution
of the seventeenth century and the creation of a science
which, although in one sense non-human, is in another 
sense the most anthropomorphic form of knowledge 
possible, for it makes human reason and the empirical 
data based upon the human senses the sole criteria for
the validity of all knowledge.

Concerning the gradual disfiguration of the image of 
man in the West, see G. Durand, 'Defiguration philos­
ophiquc et figure traditionnelle de l'homme en Occi­
dent', Erano.\·-Juhrlmch, XXX Ylll, 1971, pp. 45-93. 

2. If such a relation did not exist, it would not even be pos­
sible for man to identify himself with other periods of
human history, much less for the permanent aspects of 
human nature to manifest themselves even in the modern
world as they have in the past and continue to do today.

3. Throughout this book the word 'intellect' is used in its 
original Latin sense as inte!lectus or the Greek nous,
which stands above reason and is able to gain knowledge
directly and immediately. Reason is only the reflection
of the intellect upon the mirror of the human mind.

4. There is little more pathetic in this type of pseudo­
humanities than the attempt now being made in some 

Islamic countries to introduce this decadence into the 
very bosom of Islamic culture in the name of progress. 

Certain American scholars such as William Arrow­
smith and William Thompson have already criticized 
what could be called the "pollution of the humanities", 
but the tendency in this field as in the question of the 
pollution of the environment is mostly to try to remove 
the ill effects without curing the underlying causes. 

5. In modern times, the occult sciences, whose metaphysi­
cal principles have been forgotten, have become known
as the "pseudo-sciences", while in reality they contain
a profound doctrine concerning the nature of man and
the cosmos, provided their symbolism is understood.
Much of the social and human sciences today on the 
contrary veil and hide a total ignorance of human na­
ture with a scientific garb and are, in a sense, the reverse
of the occult sciences. Hence they deserve much more
than the occult sciences the title of "pseudo-science".

6. This theme is thoroughly analyzed by F. Schuon in his 
Dimensions of Islam, trans. by P. Townsend, London,
1970, Chapter 2. Concerning the sage or the Sufi, he
writes: "The Sufi lives under the gaze of al-Awwal (the
First), al-Akhir (the Last), al-Zllhir (the Outward) and
al-BiUin (the Inward). He lives concretely in these meta­
physical dimensions as ordinary creatures move in space
and time, and as he himself moves in so far as he is a
mortal creature. He is consciously the point of inter­
section where the Divine dimensions meet; unequivocal­
ly engaged in the universal drama, he suffers no illu­
sions about impossible avenues of escape, and he never 
situates himself in the fallacious 'extra-territoriality' of 
the profane, who imagine that they can live outside spir­
itual Reality, the only reality there is." pp. 36-37.
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THIRD WORLD 

Man's nature 

RABINDRANATH TAGORE 

■ Rabindranath Tagore ( /861-194/) was a Benl{ali poet, philosopher, and social reji1r111er. He rn111e fro111 an ajjlue111
and highly ralenred Cairn/la Ji1111ily. Like Mohandas Gandhi, whom he knew, Rabi11dra11ath (<1.1· he 1va.1· kno1vn to his 
people) abhorred violence. fie was a simple and !{I'll/le person who wasjitll of hu111or and love o

f 

life. flis most ji1mm1s 
work is Gitanjali (song ojferings), a collection of poems with an introduction by Yems, who was highly moved by 
them. It was This book that eamed Tagore hi.1· Nobel Prize for litemture ( /913) and thrust hi111 i1110 i11tema1io11a/
pro111inence. 

In the following excerpt ji'0/11 mwrher work, The Religion of Man ( /931 ), Tagore expounds the notion of dharnrn, 

or the "virtue of a thing." Man has a dharma; ii i.1· his hu111a11ity. Furthermore, "civilization is to express Man's 
dbarma and not merely his clevemess, power and po.1·ses.l'iom." Anything short o

f 

this description is 1101 civilization. 
Tagore see111.1· to be .rnspiciou.\' of 111odem gadget1y in particular. Recalling a childhood play111me who felt 

s11perior to his peers }<1r possessing a toy bo11gh1 from wz English shop, Tagore observes: "One thing he Ji1iled to 
realize in his excite111e1Z1 . . .  that this 1e111p1mio11 [the toy] obscured so111ethi1111 a 11reat deal more pe,j'ect than hi.1· 

toy . . .  the dharma of the child." The play111ate'.\' peers co11stantly used their imagi11atio11 ji,r cremi11g new games. 
B111 hi.1· toy re111oved his need for such an approach. Tagore thus advocates si111plicity in the material mpect.1· of lij'e in 
order to give the imaginative and .1piritual ji1cultie.1· of man the ability to hlossom and creme a higher civilization. 

From the time when Man became truly con­
scious of his own self he also became conscious 
of a mysterious spirit of unity which found its 
manifestation through him in his society. It is a 
subtle medium of relationship between individ­
uals, which is not for any utilitarian purpose but 
for its own ultimate truth, not a sum of arithme­
tic but a value of life. Somehow Man has felt 
tl'.at this comprehensive spirit of unity has a di­
vine character which could claim the sacrifice 
of all that is individual in him, that in it dwells 
his highest meaning transcending his limited 
self, representing his best freedom. 

Man's reverential loyalty to this spirit of 

�nity_ is expressed in his religion; it is symbol-
1zed m the names of his deities. That is why, in 
the beginning, his gods were tribal gods, even 
gods of the different communities belonging to 
the same tribe. With the extension of the con­
sciousness of human unity his God became re­
vealed to him as one and universal, proving 
that the truth of human unity is the truth of 
Man's God. 

In the Sanskrit language, religion goes by the 
name dhamw, which in the derivative meaning 
implies the principle of relationship that holds 
us firm, and in its technical sense means the 
virtue of a thing, the essential quality of it; for 
instance, heat is the essential quality of fire, 

□ Reprinted with permission of Macmillan Publishing Co., 
Inc., from The Religion o

f 

Man, by Rabindranath Tagore, 
and with permission of George Allen and Un win Ltd. Copy­
right 1931 by Macmillan Publishing Co., Inc. 

though in certain of its stages it may be absent. 
Religion consists in the endeavour of men to 

cultivate and express those qualities which are 
inherent in the nature of Man the Eternal, and to 
have faith in him. If these qualities were abso­
lutely natural in individuals, religion could have 
no purpose. We begin our history with all the 
original promptings of our bmte nature which 
helps us to fulfil those vital needs of ours that 
are immediate. But deeper within us there is a 
current of tendencies which runs in many ways 
in a contrary direction, the life current of uni­
versal humanity. Religion has its function in 
reconciling the contradiction, by subordinating 
the brute nature to what we consider as the 
truth of Man. This is helped when our faith in 
the Eternal Man, whom we call by different 
names and imagine in different images, is made 
strong. The contradiction between the two na­
tures in us is so great that men have willingly 
sacrificed their vital needs and courted death in 
order to express their dharma, which represents 
the truth of the Supreme Man. 

The vision of the Supreme Man is realized by 
our imagination, but not created by our mind. 
More real than individual men, he surpasses 
each of us in his permeating personality which 
is transcendental. The procession of his ideas, 
following his great purpose, is ever moving 
across obstructive facts towards the perfected 
truth. We, the individuals, having our place in 
his composition, may or may not be in con­
scious harmony with his purpose, may even put 
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obstacles in his path bringing down our doom 
upon ourselves. But we gain our true religion 
when we consciously co-operate with him, find­
ing our exceeding joy through suffering and 
sacrifice. For through our own love for him we 
are made conscious of a great love that radiate� 
from his being, who is Mahatma, the Supreme 
Spirit. 

The great Chinese sage Lao-tze has said: 
"One who may die, but will not perish, has life 
everlasting". It means that he lives in the life o1 
the immortal Man. The urging for this life in­
duces men to go through the struggle for a true 
survival. And it has been said in our scripture: 
"Through adharma (the negation of dharnw: 
man prospers, gains what appears desirable 1 

conquers enemies, but he perishes at the root." 
In this saying it is suggested that there is a life 
which is truer for men than their physical life 
which is transient. 

Our life gains what is called "value" in those 
of its aspects which represent eternal humanity 
in knowledge, in sympathy, in deeds, in char­
acter and creative works. And from the begin­
ning of our history we are seeking, often at the 
cost of everything else, the value for our life 
and not merely success; in other words, we are 
trying to realize in ourselves the immortal Man, 
so that we may die but not perish. This is the 
meaning of the utterance in the Upanishad: 
''Tam vedyam purusha,n veda, yatha ma vo 
rnrityuh parivyathah'' -''Realize the Person sc 
that thou mayst not suffer from death.'' 

The meaning of these words is highly para­
doxical, and cannot be proved by our senses or 
our reason, and yet its influence is so strong in 
men that they have cast away all fear and greed, 
defied all the instincts that cling to the bmte na­
ture, for the sake of acknowledging and pre­
serving a life which belongs to the Eternal Per­
son. It is all the more significant because many 
of them do not believe in its reality, and yet are 
ready to fling away for it all that they believe 
to be final and the only positive fact. 

We ca11 this ideal reality ''spiritual''. Tha1 
word is vague; nevertheless, through the dim 
light which reaches us across the barriers of 
physical existence, we seem to have a stronger 
faith in the spiritual Man than in the physical; 
and from the dimmest period of his history, 
Man has a feeling that the apparent facts of exis­
tence are not final; that his supreme welfare de­
pends upon his being able to remain in perfec1 
relationship with some great mystery behind the 
veil, at the threshold of a larger life, which is 
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>r giving him a far higher value than a mere
Jntinuation of his physical life in the material
'Orld.
Our physical body has its comprehensive

:ality in the physical world, which may be
uly called our universal body, without which
Lir individual body would miss its function. 
1ur physical life realizes its growing meaning 
1rough a widening freedom in its relationship 
'ith the physical world, and this gives it a 
reater happiness than the mere pleasure of sat­
fied needs. We become aware of a profound 
1eaning of our own self at the consciousness 
f some ideal of perfection, some truth beautiful 
r majestic which gives us an inner sense of 
Jmpleteness, a heightened sense of our own 
:ality. This strengthens man's faith, effective 
✓en if indefinite-his faith in an objective ideal
f perfection comprehending the human world.
is vision of it has been beautiful or distorted,
1minous or obscure, according to the stages of
�velopment that his consciousness has at­
ined. But whatever may be the name and na-
1re of his religious creed, man's ideal of hu­
tan perfection has been based upon a bond of
raity running through individuals culminating
1 a supreme Being who represents the eternal
1 human personality. In his civilization the per­
:ct expression of this idea produces the wealth
f truth which is for the revelation of Man and
)t merely for the success of life. But when
1is creative ideal which is dharma gives place
> some overmastering passion in a large body
f men civilization bursts out in an explosive
ame, like a star that has lighted its own funeral
yre of boisterous brilliancy.
When I was a child I had the freedom to make

ty own toys out of trifles and create my own
unes from imagination. In my happiness my
laymates had their full share, in fact the com­
lete enjoyment of my games depended upon
1eir taking part in them. One day, in this para­
ise of our childhood, entered the temptation
om the market world of the adult. A toy
rought from an English shop was given to one
f our companions; it was perfect, it was big
1d wonderfully life-like. He became proud of
1e toy and less mindful of the game; he kept
1at expensive thing carefully away from us,
lorying in his exclusive possession of it, feel-
1g himself superior to his playmates whose
,ys were cheap. I am sure if he could use the
1odern language of history he would say that
� was more civilized than ourselves to the ex-

tent of his owning that ridiculously perfect toy. 
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One thing he failed to realize in his excite­
ment-a fact which at the moment seemed to 
him insignificant�that this temptation obscured 
something a great deal more perfect than his 
toy, the revelation of the perfect child which 
ever dwells in the heart of man, in other words, 
the dharma of the child. The toy merely ex­
pressed his wealth but not himself, not the 
child's creative spirit, not the child's generous 

( joy in his play, his identification of himself with 
others who were his compeers in his play world. 

( Civilization is to express Man's dlwrnw and not 
) merely his cleverness, power and · 

Once there was an occasion for me to motor 
down to Calcutta from a place a hundred miles 
away. Something wrong with the mechanism 
made it necessary for us to have a repeated sup­
ply of water almost every half-hour. At the first 
village where we were compelled to stop, we 
asked the help of a man to find water for us. It 
proved quite a task for him, but when we of­
fered him his reward, poor though he was, he 
refused to accept it. Jn fifteen other villages the 
same thing happened. In a hot country, where 
travellers constantly need water and where the 
water supply grows scanty in summer, the vil­
lagers consider it their duty to offer water to 
those who need it. They could easily make a 
business out of it, following the inexorable law 
of demand and supply. But the ideal which 
they consider to be their dharnw has become 
one with their life. They do not claim any per­
sonal merit for possessing it. 

Lao-tze, speaking about the man who is truly 
good, says: ''He quickens but owns not. He 
acts but claims not. Merit he accomplishes but 
dwells not in it. Since he does not dwell in it, it 
will never leave him.'' That which is outside 
ourselves we can sell; but that which is one 
with our being we cannot sell. This complete 
assimilation of truth belongs to the paradise of 
perfection; it lies beyond the purgatory of self­
consciousncss. To have reached it proves a long 
process of civilization. 

To be able to take a considerable amount of 
trouble in order to supply water to a passing 
stranger and yet never to claim merit or reward 
for it seems absurdly and negligibly simple 
compared with the capacity to produce an amaz­
ing number of things per minute. A millionaire 
tourist, ready to corner the food market and 
grow rich by driving the whole world to the 
brink of starvation, is sure to feel too superior 
to notice this simple thing while rushing 
through our villages at sixty miles an hour. 

Yes, it is simple, as simple as it is for a gen­
t]eman to be a gentleman; but that simplicity is 
the product of centuries of culture. That sim­
plicity is difficult of imitation. In a few years' 
time, it might be possible for me to learn how 
to make holes in thousands of needles simulta­
neously by turning a wheel, but to be absolutely 
simple in one's hospitality to one's enemy, or 
to a stranger, requires generations of training. 
Simplicity takes no account of its own va]ue, 
claims no wages, and therefore those who are 
enamoured of power do not realize that simplic­
ity of spiritual expression is the highest product 
of civilization. 

A process of disintegration can kill this rare 
fruit of a higher life, as a whole race of birds 
possessing some rare beauty can be made ex­
tinct by the vulgar power of avarice which has 
civilized weapons. This fact was clearly proved 
to me when I found that the only place where a 
price was expected for the water given to us was 
a suburb at Calcutta, where life was richer, the 
water supply easier and more abundant and 
where progress flowed in numerous channels in 
all directions. It shows that a harmony of char­
acter which the people once had was lost-the 
harmony with the inner self which is greater in 
its universality than the self that gives promi­
nence to its personal needs. The latter loses its 
feeling of beauty and generosity in its calcula­
tion of profit; for there it represents exclusive­
ly itself and not the universal Man. 

There is an utterance in the Atharva Veda, 
wherein appears the question as to who it was 
that gave Man his music. Birds repeat their sin­
gle notes, or a very simple combination of 
them, but Man builds his world of music and 
establishes ever new rhythmic relationship of 
notes. These reveal to him a universal mystery 
of creation which cannot be described. They 
bring to him the inner rhythm that transmutes 
facts into truths. They give him pleasure not 
merely for his sense of hearing, but for his 
deeper being, which gains satisfaction in the 
ideal of perfect unity. Somehow man feels that 
truth finds its body in such perfection; and when 
he seeks for his own best revelation he seeks a 
medium which has the harmonious unity, as has 
music. Our impulse to give expression to Uni­
versal Man produces arts and literature. They in 
their cadence of lines, colours, movements, 
words, thoughts, express vastly more than what 
they appear to be on the surface. They open the 
windows of our mind to the eternal reality of 
man. They are the superfluity of weal th of 
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which we claim our common inheritance what­
ever may be the country and time to which we 
belong; for they are inspired by the universal 
mind. And not merely in his arts, but in his own 
behaviour, the individual must for his excel­
lence give emphasis to an ideal which has some 
value of truth that ideally belongs to all men. 
In other words, he should create a music of ex­
pression in his conduct and surroundings which 
makes him represent the supreme Personality. 
And civilization is the creation of the race, its 
expression of the univeral Man. 

When I first visited Japan I had the opportu­
nity of observing where the two parts of the hu­
man sphere strongly contrasted; one, on which 
grew up the ancient continents of social ideal, 
standards of beauty, codes of personal behav­
iour; and the other part, the fluid element, the 
perpetual current that carried wealth to its 
shores from all parts of the world. In half a cen­
tury's time Japan has been able to make her 
own the mighty spirit of progress which sudden­
ly burst upon her one morning in a storm of 
insult and menace. China also has had her rous­
ing, when her self-respect was being knocked 
to pieces through series of helpless years, and I 
am sure she also will master before long the in­
strument which hurt her to the quick. But the 
ideals that imparted life and body to Japanese 
civilization had been nourished in the reverent 
hopes of countless generations through ages 
which were not primarily occupied in an inces­
sant hunt for opportunities. They had those 
large tracts of leisure in them which arc neces­
sary for the blossoming of Life's beauty and the 
ripening of her wisdom. 

On the one hand we can look upon the mod­
ern factories in Japan with their numerous me­
chanical organizations and engines of produc­
tion and destruction of the latest type. On the 
other hand, against them we may see some 
fragile vase, some small piece of silk, some ar­
chitecture of sublime simplicity, some perfect 
lyric of bodily movement. We may also notice 
the Japanese expression of courtesy daily ex­
tracting from them a considerable amount of 
time and trouble. All these have come not from 
any accurate knowledge of things but from an 
intense consciousness of the value of reality 
which takes time for its fullness. What Japan 
reveals in her skilful manipulation of telegraph­
ic wires and railway lines, of machines for man­
ufacturing things and for killing men, is more or 
less similar to what we see in other countries 
which have similar opportunity for training. But 

in her art of living, her pictures, her code of 
conduct, the various forms of beauty which her 
religious and social ideals assume Japan ex­
presses her own personality, her dharma, 

which, in order to be of any worth, must be 
unique and at the same time represent Man of 
the Everlasting Life. 

Lao-tze has said: "Not knowing the eternal 
causes passions to rise; and that is evil''. He has 
also said: "Let us die, and yet not perish". For 
we die when we lose our physical life, we per­
ish when we miss our humanity. And humanity 
is the dharma of human beings. 

What is evident in this world is the endless 
procession of moving things; but what is to be 
realized, is the supreme human Truth by which 
the human world is permeated. 

We must never forget to-day that a mere 
movement is not valuable in itself, that it may 
be a sign of a dangerous form of inertia. We 
must be reminded that a great upheaval of spir­
it, a universal realization of true dignity of man 
once caused by Buddha's teachings in India, 
started a movement for centuries which pro­
duced illumination of literature, art, science and 
numerous efforts of public beneficence. This 
was a movement whose motive force was not 
some additional accession of knowledge or 
power or urging of some overwhelming pas­
sion. It was an inspiration for freedom, the 
freedom which enables us to realize dlumna, 

the truth of Eternal Man. 
Lao-tze in one of his utterances has said: 

''Those who have virtue ( dhanna) attend to 
their obligations; those who have no virtue at­
tend to their claims.'' Progress which is not re­
lated to an inner dharma, but to an attraction 
which is external, seeks to satisfy our endless 
claims. But civilization, which is an ideal, gives 
us the abundant power to renounce which is the 
power that realizes the infinite and inspires crea­
tion. 

This great Chinese sage has said: ''To in­
crease life is called a blessing." For, the in­
crease of life realizes the eternal life and yet 
does not transcend the limits of life's unity. 
The mountain pine grows tall and great, its 
every inch maintains the rhythm of an inner bal­
ance, and therefore even in its seeming extrava­
gance it has the reticent grace of self-control. 
The tree and its productions belong to the same 
vital system of cadence; the timber, the flowers, 
leaves and fruits are one with the tree; their exu­
berance is not a malady of exaggeration, but a 
blessing. 
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Part Two

TECHNOLOGY AND THE 

PROFESSIONS 

Part Four focuses on the relation between technology and the professions. Four major 
professions will be considered: agriculture, medicine, business, and engineering. It first must 
be emphasized that the relation of technology to these professions is an ancient one. Nothing 
could be further from the truth than the commonly held belief that the introduction of tech­
nology to these and other professions is relatively recent. Technology has been a part of our 
lives for a very long time. Early man who rubbed two sticks together to produce fire was 
already engaging in technological activity. So was the hunter with his club, his spear, and 
later, his bow and arrow. To emphasize the long-standing influence of technology on the 
professions, some prominent achievements of ancient times will be briefly discussed. But 
the major portion of this introduction will examine the current connections between technology 
and the four professions mentioned. 

One of the most outstanding technological achievements of ancient times was the con­
struction of the Great Pyramid of Giza in Egypt. This pyramid is the tomb of King Khufu or 
Cheops, and was built for him around 2680 u.c. It contained secret passages and chambers, 
and originally rose lo a height of 482 feet. The pyramid, considered one of the Seven Wonders 
of the Ancient World, covers thirteen acres and was built of approximately 2,300,000 huge 
limestone blocks, each weighing about two and a half tons. These extraordinarily heavy pieces 
were brought to the site of the pyramid and then lifted to their proper positions without the 
benefit of modern equipment. Today, as the Egyptian government prepares to restore the pyra­
mid, which has suffered slow erosion during the past five thousand years, it will again employ 
the old methods using muscle and rope, rather than modern technology, which so far has not 
devised a crane that can cope with the shape of the pyramid. 

The building of the Great Pyramid of Giza is fascinating because, among other things, 
it required sophisticated knowledge of two kinds of techniques. The first kind is best referred 
to as engineering ''know-how,'' which includes the designing of the pyramid and its interior 
passages and chambers, as well as the devising of ways to execute the design. That the 
pyramid was designed and the plans executed with a precision that even modern engineers 
would be proud of is obvious from the detailed description offered by James Henry Breasted in 
his book A History of Egypt. According to Breasted, "some of the masonry finish is so fine 
that blocks weighing tons are set together with seams of considerable length, showing a joint 

of one ten-thousandth of an inch ... " 1 

The second kind of technique that stands out in the building of the Great Pyramid is best 
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described as organizational. The working force was arranged according to a certain hierarchy 
and a chain of command. This, combined with discipline and the assignment of specific tasks 
to each level of the hierarchy, created the first "megamachine" in history. Lewis Mumford 

finds this fact extremely significant because he sees in it the true beginnings of the Machine 
Age. The machine that was being introduced for the first time was a human machine. All its 
parts were human, and most were interchangeable. It was capable of generating thousands 
of horsepower, thus making the building of the pyramid possible without the help of sophis­
ticated machinery. These impressive facts lead Mumford to argue that "this new kind of 
machine was far more complex than the contemporary potter's wheel or bow drill, and it re­
mained the most advanced type of machine until the invention of the mechanical clock in the 
fourteenth century." 2 

The importance of this organizational achievement can hardly be overemphasized. Suffice 
it to say that for the modern economist John Kenneth Galbraith "modern economic society 
can only be understood as an effort, wholly successful, to synthesize by organization a group 
personality far superior for its purpose to a natural person ... ":1 That is exactly what charac­
terized the society which built the Great Pyramid of Giza. No one worker could even have 
begun to move a two-and-a-half-ton block of limestone, but a group armed with technology 
(as simple as it may have been ) could, and in fact did. To emphasize further the parallel be­

tween the Egyptian and modern Western society, let us look at this additional passage from 
Galbraith: 

The real accomplishment of modern science and technology consists in taking ordinary men, in­
forming them narrowly and deeply and then, through appropriate organization, arranging to have 
their knowledge combined with that of other specialized but equally ordinary men. This dispenses 

with the need for genius. The resulting performance, though less inspiring, is far more predictable. 
No individual genius arranged the flights to the moon. It was the work of organization-bureau­
cracy .·1 

Similarly, the pyramid was not the work of an individual genius. King, engineers, priests, 
overseers, and workers all contributed to the successful completion of the project. It was a 
colossal project designed and executed by an organization of ordinary men. Thus long before 
the age of modern science and technology, engineering and organizational techniques func­
tioned to produce an impressive artifact. 

Another interesting technological feat from ancient times is the construction of the Hang­
ing Gardens of Babylon, which are also considered one of the Seven Wonders of the Ancient 
World. Although they have been destroyed, various writers have described them in de­
tail. 

The Hanging Gardens were built by Nebuchadnezzar, king of Babylon (reigned 605-562 
n.c.). It is believed that they were built for his wife, a Median princess whose home was
in the mountains of Persia. Babylon was flat and hot, and the princess had longed for the cool,
green, and fresh surroundings of her native land, so Nebuchadnezzar set out to duplicate
that environment as closely as possible. To that end he built an architectural wonder which
crowned the roof of the imperial palace with masses of greenery layered in terraces to form
hanging gardens.

But the Hanging Gardens were not Babylon's only claim to fame. Earlier, another of its 
kings, Hammurabi (reigned 1948-1905 B.C.), drew up the world's first code of law, which 
is of special interest to us because it contains the following laws relating to medical practice: 

If the doctor shall treat a gentleman and shall open an abscess with a bronze knife and shall preserve 

the eye of the patient, he shall receive ten shekels of silver. 
If the doctor shall open an abscess with a bronze knife and shall kill the patient or shall destroy the 

sight of the eye, his hands shall be cut off.'' 
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These passages make clear the existence of medical technology in Babylon as early as the 
1900's B.C. 

,Ancient Egypt also possessed a degree of medical technology. The Ebers Papyrus, written 
about 1500 B.c. and found in the tomb of Thebes in 1862 by Professor Ebers, contains approx­
imately 900 prescriptions. More recently, the Edwin Smith Papyrus was translated. Its author 
was a surgeon who noted the role of the brain in controlling the lower ]imbs, and the role of 
the heart as the driving power of the human body. Surgical stitching is mentioned in this 
papyrus for the first time in medical literature. 

What has been said of the ancient relation of technology to engineering and medicine 
can also be said of the relation of technology to agriculture, business, and economics. The 
wealth of Egypt, especially around the forty-third century u.c., came mainly from grain. 
Originally the Egyptians used the hoe for cultivating their fields. Then the plow, which utilizes 
animal power, was invented. This drastically increased the size of the cultivated areas, and 
was as significant an event in its time as the introduction of modern machinery to agriculture 
in the nineteenth and twentieth centuries A.O. With the subsequent increase in wealth, a more 
advanced tax system developed. Since no currency existed, taxes, loans, and business debts 
were made at first in grain. Later, copper rings were used as money. Those who did not pay 
their taxes were visited by official ''tax collectors.'' 

In the Tigris-Euphrates Valley, we find a similar development as early as the Kingdom 
of Sumer and Akkad, which preceded the rule of Nebuchadnezzar. The wealth of the area 
came mainly from barley and wheat. The inhabitants developed dikes, irrigation trenches, and 
other agricultural techniques to improve their harvest. They were also familiar with copper 

tools and utensils. During Babylonian times silver pieces came to be exchanged as money, and 
an enormous body of bookkeeping records was left behind in the form of hardened clay 
tablets. 

In ancient times the professions were closely tied to religious and magical beliefs, and this 
state of affairs persisted throughout the Middle Ages into the Renaissance and even later. 
As mentioned in the introduction to Part Two, professional activities took a secondary place 
to those of tending to the affairs of the soul. The consequences of such a situation were mixed. 
Earlier in this book it was argued that religious beliefs and their attendant values succeeded 

in keeping men's desires for power, possessions, and control within reasonable limits. It may 

be pointed out now that these beliefs also resulted in many events being regarded as the ef­
fects of supernatural causes; investigation of their real causes was thus inhibited. Diseases 

were often seen as a sign of divine punishment or as an act of possession by the devil. The 
story of ergot is an excellent example of this mode of reasoning. Leo Vining* informs us that 
in 857 A.O., according to German chroniclers of that period, the population around Duisberg 
was ravaged by ''a great plague of swollen blisters that consumed the people by a loathsome 
rot so that their limbs were loosened and fell off before death." This horrible disease, it was 

much later discovered, was caused by grain contamination with ergot fungus. But people in 
the Middle Ages refered to it as the ''holy fire.'' When the disease happened to cease at about 

the same time as a father kneeled before the bones of Saint Anthony, begging that his sick 

son be spared, the disease was renamed "Saint Anthony's fire." Such a mode of reasoning 

of course did not encourage the understanding of nature and its workings. 
There were other religious beliefs that made scientific progress difficult. Since the body 

was regarded as the temple of the soul, it had derivative sanctity. Thus, it was not permissible 

to mutilate it in any way, even after death. Dissecting a corpse for the sake of medical knowl­
edge was not acceptable, and many physicians throughout Europe had to rely on body snatch­
ers to provide them with corpses for their anatomical research .. 
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The story of Galileo, who was forced by the church to retract his pronouncements con­
cerning the heliocentric theory of planetary motion, is widely known. The popular tJelief 
was that the earth was immobile and located at the center of the universe and that the other 
heavenly bodies rotated around it. This view supported the then common literal interpretation 
of the scriptures, which declared man the center of the universe. Galileo's theory, therefore, 
was difficult for laymen to believe, but more importantly, it was heretical, and he thus was 
forced to renounce it. 

These and many other incidents, including the burning of witches, frustrated the rapid 

development of modern science and technology. Finally, however, with the accumulation of 
data, science and technology were secularized, ushering in the present era (for a more de­
tailed discussion of this historical development, see the introduction to Part Two). Ir1 our 

present era of modern secularized science and technology, innovations are numerous� and 
the progress of human knowledge is astounding. However, secularized science and techO()logy 

are encountering problems of their own. The rest of this introduction is devoted to a discus­

sion of some of these problems. 
A prefatory comment about this discussion is in order. With the modern alliance of sci­

ence and technology, it has become possible to do things that man never dreamt of before. 

New devices are being invented daily. New sources of power are being tapped. Electric ap­
pliances, nuclear reactors, alloys, plastics, tractors, computers, kidney machines, brain scan­
ners-all these and much more contribute in different ways to the hectic pace of development 

in the modern professions. To cope with this hectic pace as well as respond to modern de­
mands for efficiency and profitability, it has become desirable to organize activities within 
these professions along corporate lines. This fact will be discussed in some detail later; suffice 
it to observe now that this new technique of organization combines professional goals with 

those of a successful business venture. As a result, a serious discussion of the professions 
in this introduction must address itself to this new technique of organization insofar as it has 
affected these professions and their traditional goals, practices, and values. 

As inventions multiply and new equipment proliferates in the various professions, an 

individual or a company must keep up or else fall behind through the use of outmoded tech­
niques. Since with each invention new standards of efficiency and sophistication are set, relying 
on older techniques means less efficient operation. In farming, for example, to fail to keep up 
with new developments often means less produce and profit per acre than possible. In medi­
cine, new equipment often makes the difference between life and death. In engineering, new 
techniques form a crucial base for further innovations. In business, the failure to keep up can 
make economic survival impossible. The constant updating of the professions becomes a need 
rather than a luxury. 

But the cost of constant updating is quite high. Often a piece of equipment becomes ob­
solete within a year or two of its purchase, and the cost of replacement is continuously rising. 

For example, a tractor priced at $16,000 in 1974 costs almost twice as much today even 
though the new version, which may have a better door latch, is not more powerful. In 1896 

an x-ray machine cost $50. Today, the more sophisticated and specialized CAT scanner com­
bines x-ray equipment with a computer and a television cathode-ray tube. This diagnostic 
machine provides the physician with a cross-sectional view of the body and thus allows him 
to better detect various disorders. It is a great improvement over the old simple x-ray machine, 
but its current cost is about $700,000. 

The effect of these spiraling costs on the professions is to make greater capital outlays 
necessary. The small farmer and the small businessman can no longer make it in today's 
world. The engineer must join a corporation, and the physician, whose own office equipment 
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is becoming highly expensive, must count on the backup system of the hospitals in cases re­
quiring more sophisticated equipment. 

Increasing costs have thus translated themselves into size. ''Bigger is better.'' A bigger 
corporation can better absorb a $700,000 bill for one piece of equipment than a single busi­
nessman. As a result all professions must organize along corporate lines in order to keep pace. 

Even farming, which has traditionally been a small family enterprise, is now also moving 
in the direction of corporations. This trend has been prompted not only by the cost of ma­
chinery but also by the efficiency that the use of machinery demands. A tractor, for example, 
can work a bigger farm just as easily as a smaller one; and the more acres it works, the smaller 
the real cost of that tractor to the farmer. In a Time article on farming in the United States, 
Patrick Benedict, president and sole stockholder of Benedict Farms, Inc., argues that "if 
you 're standing still you 're really falling behind. "fi To ensure that he does not fall behind, 
he has continued for years to reinvest his profits and borrow additional money to acquire more 
land. He is also a firm believer in vertical integration-that is, owning operations related to 

farm products. He organized 1,600 farmers to raise $20 million, and borrowed another $47 
million to buy out a sugar company that used to buy and process his and other farmers' sugar 
beets. He also teamed with nine other farmers to buy a $1.5 million grain elevator and in­
corporated it as Northern Grain Company. These two investments have allowed Mr. Benedict 
to move his farm products, whether for factory processing or sale, at the optimal time, giving 
him a better chance for increasing his profits. 

High interest rates and the rising cost of land, machinery, fertilizers, fuel, and insecti­
cides cut deeply into the farmer's profit. Consider, for example, the cost of fuel, which has 
increased rapidly for the farmer for two reasons: (I) the price of fuel has been escalating 
rapidly on the world market, and (2) the industrialization of agriculture has resulted in an in­
crease in the amount of fuel needed to run a farm. Carol and John Steinhart* in ''The Energy 
We Eat" provide us with some idea of how much more fuel is required by industrialized food 
production. They observe that while in primitive cultures, 5 to 50 calories of food were ob­
tained in return for each calorie invested, industrialized food production requires the invest­
ment of 5 to 10 calories of fuel in order to obtain one calorie of food. This situation is re­
garded by the Steinharts as quite significant-especially if energy costs continue to increase, 
a highly likely prospect. They warn that it could result in famine in many areas of the world 
unless we return to less energy-intensive methods of food production. 

Some distressing symptoms of the problems that lie ahead are already apparent. In Feb­
ruary 1979, 3500 farmers in tractors and mobile homes converged on Washington to demand 
increased crop subsidies to offset the escalating costs of land, machinery, and fuel. In the 
summer of that same year, the farmers watched their fuel supplies dwindle as motorists com­
peted for the limited quantities available. 

These problems make the farmer's life difficult. For all his �ard work Patrick Benedict 

averages a return of only three and a half percent on his $3 .5 million investment. A bank 
certificate of deposit can return him around nine percent, without any effort. Such data dis­
courages many young farmers and makes them go into other types of work. Even if they 
were able somehow to secure the needed capital to start a farm, the work is still hard and 
the returns small. The price of the corn in cornflakes rises from about $1.80 a bushel paid 
to the farmer to about $37 a bushel paid by the consumer to the grocer. Given the fact that 
farming is the single largest industry in the United States, according to U.S.D.A. statistics, 

current developments raise very serious issues concerning the national socioeconomic struc­
ture. Joe Flanagan, a farmer, complains in Progressive Fanner: "There is something wrong 
with the system when you trim and trim and trim your expenses, make a good crop, sell it 
for an above-average price, and still lose money. " 7 Or make less profit than a bank's certifi­
cate of deposit can produce! 
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Frances Moore Lappe and Joseph Collins, who wrote Food First: Beyond the Myth of 
Scarcity, blame much of the malaise on agribusiness organizations. They claim that the same 
increasing concentration of control over land and marketing that directly causes hunger in 
underdeveloped countries is going on right here in the United States. 8 Let us pause momen­
tarily to take a look at what is going on in the Third World. In How the Other Half Dies, Susan 
George points out that an average of eighty percent of the people in Asia live in the country­
side, as do ninety-five percent of the people in some parts of Africa; most of these people are 
dependent on the land for their living. 9 Yet, she adds, "paradoxically, it is the very people
who are living on the land who are not eating enough!" 10 She suggests that part of the ex­
planation for this paradox is the fact that land ownership is a virtual monopoly of the wealthy 
and politically influential. The capital for farming this group's vast land holdings often comes 
from agribusiness corporations rooted in the United States. These corporations are interested 
in cash crops for export, not crops that would help alleviate hunger in the producing coun­
tries. 11 Thus while these countries produce, they do not feed their own hungry people. This 
seems to be a specific example of the kind of complaint raised by Denis Goulet* and Samir 
Amin.* When exported to other countries, technology (agricultural or otherwise) is used by 
corporations to serve their own interests, not the interests of the host country. 

With this in mind we return to Lappe and Collins' claim that the same concentration of 
control over land and marketing is taking place in the United States. They produce the fol­
lowing astounding statistics: 

Five and one-half percent of agricultural corporations in the United States operates more than half 
of all land in farms. 

Almost 90% of vegetable production in the United States is controlled-either directly or through 
contracts-by major processing corporations. 

Less than 0.2% of all U.S. food manufacturers controls about 50% of the entire industry's assets.12

It is these same corporations, we are told, that are spreading their operations in the Third 
World. 

Although these corporations do not necessarily pursue the same detrimental cash crop 
policy at home as abroad, their thorough vertical integration nevertheless does affect the 
situation at home. They can easily afford growing com at about $1.80 a bushel, simply be­
cause they are the ones who make it into cornflakes and the ones who then sell it at the grocer's 
for about $37 a bushel. This is the great advantage of vertical integration. Patrick Benedict, 
a believer in vertical integration, bought a sugar factory with other farmers to help him market 
his sugar beet produce. But his grain, as far as we have been informed, remains essentially 
outside the process of vertical integration (despite his owning a grain elevator), as it does for 
most family farmers. 

For the purchase of only two items-the sugar factory and the grain elevator-Mr. Bene­
dict had to summon the financial powers of 1,609 farmers beside himself and borrow an addi­
tional $47 million to produce the necessary grand total of $68 .5 million. Compare this figure 
with the staggering financial power of a single food corporation such as General Foods. Its 
total identifiable assets (as of March 1979) were about $2.5 billion. About one third of its 
assets arc outside the United States, belonging to major subsidiaries in Europe, Canada, Mexi­
co, Bermuda, Brazil, Venezuela, and the Phillipines. These assets include: 

Land 
Buildings 
Machinery and equipment 

$ 46,862,000 
424,758,000 
934,127,000 

Advertising costs for General Foods in one year were $372,770,000Y Clearly, Mr. Benedict 
is a David fighting a Goliath. 
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The responsibility for this state of affairs must not be shifted automatically to technology. 
Indeed, as the next part of this discussion shows, the problem has different roots. For while it 
is true that technology breeds bigger and bigger organizations, it is not clear at all that the 
ethically and socially significant features of such organizations are necessitated by tech­
nology. 

The major goal of a present-day corporation is to optimize its own profit. This goal deter­
mines the internal va1ues of the organization and its subsequent behavior. For example, it is 
this goal which results in defining efficiency in terms of internal considerations alone without 
regard to effects on society (see Erich Fromm* on this subject). But this goal is not necessi­
tated by technology. It is determined by considerations extraneous to technology or even to the 
imperatives of big organization. These considerations derive mainly from the prevalent ide­
ology of society and its attendant values. In today's society, money is power. 

Still, it is not the idea of profit that is being questioned here; rather, it is the idea of Hprofi t 
no matter what." A strong case can be made for the introduction of new social values to con­
tain the compulsive pursuit of profit, which in today's society is usually a manifestation of the 
unrestrained pursuit of power. Such social values would make obsolete incidents like those 
discussed by Leah Margulies* and by Eddy, Potter, and Page.* 

Margulies argues that the Nestle Company was aggressively marketing its powdered milk 
in Third World countries even as evidence of resulting malnutrition, illnesses, and death was 
mounting. As a solution to health problems created by doubtful business practices, she 
suggests continuous monitoring of corporate activity, cooperation among concerned health 
professionals, international agencies, and advocacy groups, and development of popular 
support for the view that business must be held accountable for unethical practices. 

Eddy, Potter, and Page discuss the DC-IO aircraft. They contend that many persons, 
including officials of the Federal Aviation Administration, were aware of design defects in the 
aircraft but that these defects were not corrected by the builder, McDonnell Douglas, until a 
Turkish Airlines DC-IO crashed near Paris in 1974, killing 346 persons. When another DC- IO 
crash occurred-near Chicago's O'Hare International Airport in June 1979, killing 275 
persons-the FAA grounded the aircraft. The grounding order declared, according to Time,

that the engine-and-pylon assembly "may not be of proper design, material, specification, 
construction and performance for safe operation. ,,i.i Nevertheless, the grounding order was 
lifted within days amid reports of severe financial losses-about $5 million a day to airlines 
using the DC-I 0. If the loss of revenue indeed played a part in the FAA decision to lift the 
grounding order, one must question the political-economic organization of our society, which 
risks lives to save a company from bankruptcy. 

An even more stunning incident is that of Three Mile Island. In April 1979, the first 
widely-known nuclear accident took place-in Pennsylvania, at the Three Mile Island nuclear 
power plant operated by Metropolitan Edison Company. The accident, which threatened at 
one point to produce the worst possible situation, a core melt-down, caused the plant to shut 
down. As antinuclear sentiment spread, all similar plants around the nation were shut down 
also. The accident was charged to human error, but a plant engineer interviewed by Time had 
more to say on this topic. According to him, Unit 2, the site of the accident, had been plagued 
with problems during the shakedown phase. These problems, though not serious, did indicate 
a need for a thorough investigation of the cause of the malfunctions. Yet, instead of conducting 
such an investigation, Metropolitan Edison soon commenced commercial operation of the 
unit. 15 

Time points out that the unit was pressed into service on December 30, 1978, and that by 

meeting the year-end deadline, Metropolitan Edison qualified for $17 million to $28 million 
in 1978 tax investment credits, plus $20 million in depreciation deductions. rn Thus as David 
Barasch, attorney for Pennsylvania's State Consumer Advocate Office, noted, 'There was no 
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question that there was strong incentive for the company to get that plant on line fast.'' 17 

The methods by which Metropolitan Edison attempted to reduce its losses after the incident 
caused outraged protests among its consumers. Replacing the electricity from its shutdown 
plant was costing the company about $1 million a day. To recover part of its losses, it an .. 
nounced that it had no alternative but to raise monthly rates by $7 .50. Angry consumers could 
not sec why they should pay for the company's mistakes. 

In late August 1979, the President's commission investigating the Three Mile Island 
accident was preparing its recommendations. It had already uncovered ''evidence of faulty 
design and lax procedures in the operations of nuclear power plants,'' as well as earlier 
nuclear-plant mishaps elsewhere. 18 As the commission prepared to question Harold R. 
Denton, the Nuclear Regulatory Commission's chief of reactor regulation, it discovered that 
Denton had moved to lift a three-month freeze on the licensing of new reactors. Members of 
the commission were outraged. Arizona Governor Bruce Babbit protested that the licensing 
decision implied ''a judgement that the system is basically sound and that we ought to proceed 
with nuclear development." rn Another member of the commission, Anna Trunk, who lives 
near Three Mile Island, asked Denton, "Could you give me one good reason why I should 
trust you or the NRC'?" 20 

This question hints at even deeper anxieties relating to technological decisions. Of course, 
we more commonly ask: • "Is nuclear energy safe?'' But there are people who do not care at all 
about the answer to this question because they reject the use of nuclear energy, even if it were 
safe. The reason for their opposition stems from ideological considerations. One may say that 
it is not nuclear technology per se that they are opposed to, but rather nuclear technology in the 
hands of those whose ideology is seen as founded upon an unrestrained Will-to-Power (for 
more on the Will-to-Power, see the introduction to Part Two). 

The basis for such opposition becomes clear if we examine the views of proponents of 
nuclear energy. For example, Jean-Claud Leny, executive director of Framatonc, a company 
in charge of operating pressurized water reactors, argues that nuclear plants are not dangerous 
if they are nm by competent, and presumably centralized, staff rather than being entrusted to 
local groups who may or may not be capable of handling the task. He states that ''in my 
opinion it is essential that few nuclear plants be constructed ... and [ that they be J controlled 
in a quasi-military way. " 21 

The possibility of a quasi-military organization of nuclear plants is regarded by opponents 
of nuclear energy as a very disturbing possibility whose significance extends beyond these 
plants to society as a whole. Andre Gorz, editor of Les Te,nps Modernes, warns that ''nuclear 
society assumes the creation of a caste of militarized technicians, obedient like a medieval 
knighthood, with its own code and its own internal hierarchy, which would be exempt from 
the common law and invested with extensive powers of control, surveillance, and regula­
tion. " 22 He further cautions that corporations with such technology at their disposal not only
will control our society, but will be capable collectively of extending their hegemony over the 
whole planet. 

Therefore, Gorz's rejection of nuclear energy is founde.d upon his rejection of hegemony 
and the centralization of power in the hands of corporations which he regards as power-hungry 
and thus not trustworthy. For Gorz, nuclear energy questions translate primarily not into issues 
of safety but rather into political and ideological issues concerning democracy. 

Harold Ketterer and John R. Schmidhauser* echo these concerns. They argue that a hand­
ful of dominant corporations is on its way to controlling nuclear fuel, a major alternative 
source of energy in the United States. Ketterer and Schmidhauser regard this situation as 
grave. To underline its gravity they quote former Senator Aiken, who warns that "when you 
control energy ... then you control the nation ... a very serious threat to political democ­
racy.'' 
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Thus any attempt to defend nuclear energy as clean, efficient, and safe misses the main 
objections of the anti-nuclear energy groups that are concerned with democracy. These groups 
regard the political, social, and human rights of the individual as far more important than his 
material luxury. 

One hotly debated issue in business and government circles today ties in directly with these 
considerations. Many businesses and government officials have questioned the advisability of 
the transfer of technology from the United States to other countries. In Foreign Policy Jack 
Baran son complains, in "Technology Exports Can Hurt Us," that U.S. corporations have 
redefined their' 'self-interest'' in such a way as to permit the sale of their sophisticated techno­
logical products to noncontrolled foreign enterprises. 2a The problem with such sales is that 
they sometimes implant in the foreign countries a competitive productive capability. For 
example, Amdahl corporation, founded by a former IBM engineer, transferred computer 
technology to Fujitsu Ltd. in Japan in return for successive rounds of finance capital. Now, 
eighty percent of Amdahl computer manufacturing requirements are based at Fujitsu. 

Another example comes from Algeria. In 1972, General Telephone and Electronics signed 
a $233 million contract to build an electronics plant. Under the agreement Algerian technicians 
and managers were being trained in the United States and were expected to be capable of 
managing their entire Sidi-Bel Abbes facility within a few years of the initiation of their 

training. 
Baranson is displeased with such cases of technology transfer. He is concerned that by 

exporting technology and increasing the technological knowledge of other countries, "U.S. 

firms may contribute to both the deterioration of the U.S. trade balance and to the loss of U.S. 
technical leadership. " 2·1 So he urges that in deciding what sort of technology may be exported 
by the United States, a distinction be drawn between relatively innocuous transfers of technol­
ogy easily available from other sources in the world and the transfer of sophisticated technol­
ogy obtainable only in the United States through specific companies. He also urges that a 
distinction be drawn between technological exports that implant a certain advanced technology 

in the importing country, and those that do not. 
What emerges from Baranson's article is an overriding concern for the loss of overseas 

profit and control of international markets. The global political and economic effects of pursu­
ing a policy of denying technological know-how to other countries, as a way of protecting 
overseas profits and maintaining politico-economic control, is discussed by various authors in 
this book. Daniel Bell* and Zbiginew Brzezinski* are especially vocal about the dangers of 
technological monopoly to the political stability of the world as a whole. Daniel Bell observes, 
in "The Future World Disorder," that '"the real time bomb in international economic relations 
is that of industrialization.'' He adds that effective international means must be designed to 
achieve a new, more equitable international division of labor-one that can provide economic 
and perhaps political stability for the world. International agencies· could hasten the birth of 
such a new order by offering technological aid to developing nations. 

In ' 4 America in the Technetronic Age," Brzezinski voices concerns similar to Bell's. His 
assessment of potential global political instability leads him to conclude that ''international 
co-operation will be necessary in almost every facet of life" and to suggest "making the 
massive diffusion of scientific-technological knowledge a principle focus of American 
involvement in world affairs." Thus, if Bell and Brzezinski had their way, the ideology of 
unrestrained control would be tempered by the new realities emerging on the international 
scene. 

So far, this introduction has placed special emphasis on the economic and political aspects 
of the impact of technology on the professions. But clearly the farmer's plight, the power of 
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corporations, and the development of nuclear technology all have social and ethical implica­
tions as well. So the rest of this discussion will emphasize these other considerations by focus­
ing on the controversy surrounding recombinant DNA research. For this controversy provides 
an excellent example of the ethical and social dilemmas facing today's scientists and tech­
nologists. 

Some introductory remarks about recombinant DNA research may be helpful at this point. 
DNA (deoxyribonucleic acid) is the primary genetic material in cells-whether human, 
animal, or plant. Each DNA molecule is usually a long two-stranded chain that looks like a 
'�double helix.'' Its chemical and physical properties make it ideal for replication and transfer 
of information. Indeed, a DNA molecule usually contains a large number of the hereditary 
units called genes. Thus one of the chief roles of DNA is the transmission of hereditary charac­
teristics, while a related role is the regulation of enzyme synthesis in the cell. 

An important point in the development of genetic research was reached when scientists 
developed techniques by which they could combine a DNA segment from one organism with a 
DNA segment from another. The resulting DNA strand contained a genetic code which was a 
composite of the genetic codes contained in the two parent DNA segments. These recombinant 
DNA techniques made possible the generation of organisms hitherto unknown on earth. The 
natural barrier that had thus far restricted the genetic combination of different species was 
surmounted. 

Recombinant DNA techniques, then, are techniques by which genes from one organism 
are spliced to genes of another. These techniques have various applications and consequences. 
One of the more valuable applications is the creation of an insulin-producing bacterium, 
which was developed by splicing genes of a host bacterium to human genes having the code 
appropriate for the synthesis of insulin. As a result, the modified insulin-producing bacterium 
is an '"insulin factory,'' and when it replicates itself it produces more insulin factories. This 
achievement has been highly beneficial in the treatment of diabetics, who have had so far to 
rely on insulin produced by cows and pigs. The new hybrid bacterium produces human insulin, 
which is far superior because it has a much lower rejection rate among diabetics. 

Many scientists are understandably enthusiastic about recombinant DNA rese,irch. Molec­
ular biologist Stanley Cohen,* from Stanford University School of Medicine, provides some 
reasons for his enthusiasm. He explains that within a short period of time the use of recombi­
nant DNA technology has already substantially improved our fundamental knowledge of 
living organisms. Among other things, it has provided us with a great deal of information 
concerning the structure, propagation, and gene regulation of some of these organisms. Such 
knowledge is useful in understanding genetic defects that are the causes of various serious dis­
orders. 

Recombinant DNA research has become part of "the high-technology of medicine," 
defined by Lewis Thomas* as that technology which is based on a genuine understanding of 
the mechanisms of disease. As such, this technology is not a stopgap measure in the face of 
incapacitating illnesses, rather, it attempts to cure, if not eradicate, disease altogether. Recent­
I y, it was announced that one type of cancer had been traced to a genetic defect in the kidney. 
Through recombinant DNA research such a defect may become correctable in the future, thus 
preempting half-way technologies used for kidney cancer victims, such as surgery. Other 
diseases resulting from genetic defects or disorders seem to be equally accessible to cure-for 
example, Tay-Sachs disease, cardiovascular disease, diabetes, and hemophilia. 

Furthermore, recombinant DNA research promises to provide us with extensive control 
over various aspects of our lives, and to make possible new sets of choices. Biologist Robert 
Sinsheimer, at the California Institute of Technology in Pasadena, discusses these prospects in 
the following passage: 
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Would you like to control the sex of your offspring? It will be as you wish. Would you like your son 

to be six feet tall-seven feet? Eight feet? What troubles you?-allergy, obesity. arthritic pain? 

These will be easily handled. For cancer, diabetes, phenylketonuria (a metabolic disease) there will 
be genetic therapy. The appropriate DNA wiH be provided in the appropriate dose. Viral and micro­

bial disease will be easily met. Even the timeless patterns of growth and maturity and aging will he 

subject to our design. 25 

But Amatai Etzioni* points out that the ability to control the sex of one's offspring is not 
without its social repercussions. For example, girls in many cultures arc a liability; thus if 
parents were given a choice in the matter, the result could be a sexual imbalance in society, 
which could lead ultimately to social dislocations. Similarly, the ability to extend the human 
life span is not without its social repercussions. Such an ability could ultimately force us to 
drastically alter our concepts of education, marriage, and reproduction, among others. 

Thus, although recombinant DNA research is an extremely exciting field of research, it has 
the potential of creating enormous ethical and social problems. But this is hardly the most 
disconcerting aspect of such research. Recently, some scientists have been experimenting 
with the recombination of genes carrying antibiotic resistance, and with the recombination of 
genes with oncogenic (that is, cancer-causing) viruses. If any of the hybrid genes were to 
escape the confines of the laboratory, the effect on the community, and perhaps the nation and 
the world, could be disastrous. 

These fears have spurred an extensive debate in the scientific community concerning the 
risks involved in recombinant DNA research. In April 1974, a special committee of scientists, 
chosen by the National Academy of Sciences to evaluate such risks, asked alI scientists to 
honor a temporary moratorium on certain types of potentially dangerous research until the 
committee had time to assess the situation. The scientists agreed. After several meetings and a 
major international conference in Asilomar, California, the moratorium was finally ended and 
some voluntary guidelines for recombinant DNA research were suggested. In July 1976 the 
National Institutes of Health provided a mandatory set of guidelines for scientists receiving 
federal funding for such research. 

Still, these measures have not succeeded in ending the heated debate among scientists on 
the risks of recombinant DNA research. Many continue to doubt the wisdom of tinkering with 
new forms of life in laboratories. Retired Columbia biochemist Erwin Chargaff* asks, "Have 
we the right to counteract, irreversibly, the evolutionary wisdom of millions of years in order 
to satisfy the ambition and curiosity of a few scientists?'' But Stanley Cohen retorts by remind­
ing Chargaff that this same evolutionary wisdom provided the gene combinations for bubonic 
plague, small pox, typhoid, polio, diabetes, cancer, and many other diseases that have caused 
the suffering and death of millions. Clearly, for Cohen, if recombinant DNA is to be opposed, 
such opposition must rest on something other than the appeal to evolutionary wisdom. 

A closer look at Chargaff's position reveals that Chargaff is not opposed in principle to 
recombinant DNA research. Rather, he is appalled by the apparent haste exhibited by scientists 
who experiment with the genetic material before fully understanding various features of DNA. 
He points out that the significance of spacer regions and repetitive sequences in DNA struc­
tures is still unknown, and he expresses concern that many of the experiments are being per­
formed without a full appreciation of what is going on. Chargaff worries that such haste in 
experimentation may result in the introduction of a form of life which is damaging to humans 
while at the same time resistant to attempts aimed at controlling or destroying it. He warns, 
"You can stop splitting the atom; you can stop visiting the moon ... But you cannot recall a 
new form of life.'' 

The similarity between this debate and the debate between the ecologists and their adver­
saries (see the introduction to Part Two, as well as the article by William Tucker*) is striking. 
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So it is not surprising that Chargaff has received support for his position from the ecologists. 
Francine Robinson Simbring, of the Committee for Genetics, organized by Friends of the 
Earth (a group of ecologists), argues that there arc clear parallels between the recombinant 
DNA controversy and the nuclear energy controversy. w In both cases, Simbring claims, the 
proponents of the research have defined the problems associated with the research narrowly, 
and then addressed themselves to these problems, ignoring the other, unquantifiable, ones. 
In the case of nuclear energy, attention has centered on design criteria, reactor safety, and 
regulation when it should also have centered on the genetic risk to future generations, human 
fallibility, and the vulnerability of centralized electric generation, to mention only a few other 
major problems. Similarly, in the case of recombinant DNA research, attention is focusing 
now on laboratory containment as the pivotal problem. However, there are other pressing 
problems to be addressed, and such a narrow definition of the problems at hand must be 
rejected. Simbring concludes: 

It is therefore essential that open discussion include the entire range of problems in the field of 
genetic engineering and take into account the biohazards of accidental release of uncontrollable new 
organisms, the implications of interference with evolution, reduction of diversity in the gene pool, 
the imposition of complex medical decisions on individuals and society, and the inherent fallibility 
(not to mention corruptibility) of inspection, enforcement, and regulatory bodies.27

What complicates matters is that a new DNA industry has mushroomed. Various corpora­
tions, including Standard Oil of Indiana and National Distillers Corporation, have invested 
about $150 million in recombinant DNA research. Cetus Corporation is engineering a bug to 
make alcohol from manioc, a starchy vegetable. Such research is expected to yield astronomi­
cal profits. Ronald Cape, chairman of Cetus, says "we are talking about billion-dollar possi­
bilities.' ' 28 Given the high stakes, corporations are reportedly exercising an increasing amount 
of control over the research they fund at various academic institutions .. 

This new situation has disturbed many scientists and fueled the controversy further. Jona­
than King, a biologist at the Massachusetts Institute of Technology, warns that corporations 
are using their research scientists as front men who claim interest in the expansion of knowl­
edge. The true motives of the corporation, King argues, are pecuniary: "A fortune is going 
to be made from the cloning of insulin in bacteria ... They are not going to sell that insulin 
cheap ... because it's human insulin. [But] they are going to produce it cheap. That is a very, 
very powerful force behind the scenes . . "2!1

Clearly, technology has deeply permeated the professions, giving rise both to outstanding 
achievements and to complicated problems. In the process, it has left its mark on every aspect 
of our individual and social existence. 
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Technology and agriculture 

The energy we eat 
CAROL and JOHN STEINHART 
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Food remains the 111ost /Jasic h11111011 11eed. In this selectio11 from the Stei11harr.1·' book Energy: Sources, Use and 

Role in Human Affairs, a thorough, e11ergy-orie11ted a11olysis of the ji1od system i11 the United State.vis developed. 
Some startli1111 ji1cts -111111oticeable i11 " co11ve111io11<1I ec11110111ic r/nalysis -ore• revealed. ''/11 primitive rnlt11res, 5 to 
50 calories offood were obtained Ji1r each calorie im·ested. Some highly civilized c11lt11res hm•e done as well and 
OCl'asionally be/la. /11 shwp co11trn.1·1, i11d11strialized food prod11ctio11 requires w1 i11p111 of 5 to /0 calorie.1· of jiiel to 
obtain I calorie of food.'' This sit11atio11 presents a problem i111111ediarely. Given the i111111i11e111 energy shortages, how 
mn the United States red11ce it.1· e11er11y expenditures i11 agric11l111re 011d the food syste111 as a whole? The Steinhart.1· 
suggest several ways of achieving that end. 

The kind of energy that has always been of 
first importance is food. Throughout most of 
human history, man has relied on his own labor 
to provide food. If the energy value of the food 
obtained had not substantially exceeded the 
energy expended in obtaining it, our species 
would not have survived. 

Through the development of agriculture, man 
was able to manipulate the flow of energy in 
various ecosystems in order to divert an increas­
ingly large fraction of the earth's productivity to 
his own use. He did this by simplifying the 
complex natural ecosystem-by decreasing the 
number of species in the system and by control­
ling the species that competed with him for the 
yield. Maintenance of the simplified system 
required an endless input of energy. At first this 
was restricted to manpower, as techniques for 
preparing the soil, planting, weeding, driving 
off pests, and harvesting were developed. 
Later, animal power was exploited. Still later, 

D From Energy: Sources, Use and Role in H11111a11 Affair.I' 
by Carol Steinhart and John Steinhart. © 1974 by Wads· 
worth Publishing Co., Inc., Belmont, Ca, 94002. Re­
printed by permission of the publisher, Duxbury Press. 

inanimate energy from wind and water was put 
to work, and finally, energy from the fossil 
fuels was utilized in food production. 

In many parts of the world, agriculture still 
depends on energy from people, animals, and 
the sun. If conditions are favorable, such solar 
agriculture can give very high yields-for ex­
ample, in wet rice culture, up to 50 calories are 
returned in harvest for every calorie of human 
energy investment. Modem agriculture, how­
ever, depends on converting fossil fuels into 
meat and potatoes, and there is an increasingly 
unfavorable ratio of energy input to food out­
put. It is due to large-scale energy subsidy that 
agricultural yields have increased manyfold in 
the United States during this century. In 1900, a 
single farmer could feed about five people. By 
1940 he could feed 10 and in 1960 he could 
feed 25. Today, the labor of one farmer feeds 
nearly 50 people, owing to the development of 
new fungicides, herbicides, rodenticides, in­
secticides, miticides, nematocides, antibiotics, 
vaccines, fertilizers, equipment, and special­
ized varieties of plants and animals. But it is not 
just one farmer who feeds 50 people. It is one 
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farmer, many tons of coal, many barrels of oil, 
and an immense food processing and distribu­
tion system. In this chapter we will see how the 
present situation has come about. 

ENERGY IN ECOSYSTEMS 

Life can be viewed as a ceaseless web of 
energy conversions which follow well-known 
principles of energy conservation and transfor­
mation. Many ecologists describe an ecosystem 
in terms of the energy that flows into and out of 
it and from one trophic level to another (that is, 
from green plants to herbivores to carnivores 
or from any of these levels to decomposers). 
The tropical rain forest is an example of a com­
plex ecosystem characterized by a large mass 
of living organisms and efficient use of avail­
able energy. In the rain forest there are many 
hundreds of species of plants, each specialized 
in its structure and function to fill a unique 
niche, and each accompanied by its cadre of 
insect predators specialized to deal with it. 
Armies of microorganisms live in association 
with roots, soil, and dead matter. Fungus-eating 
flies, beetles, termites, and other small animals 
feed on the microorganisms. They in tum are 
eaten by a variety of amphibians and reptiles. 
Birds and mammals feed on everything, includ­
ing each other. Man, the most relentless and 
least specialized predator of all, is the one crea­
ture likely to upset the balance. 

A great deal of energy is expended in main­
taining the integrity of such a system. In the rain 
forest, energy flows through an intricate net­
work of feedback loops that regulate all the in­
terrelationships among species. Epidemics are 
virtually impossible because of the low density 
of any particular population. If one species in­
creases, others usually increase to counteract it 
until order is restored. Similarly, should a spe­
cies decline, its predators also decline or shift 
their attention to an alternative food source 
until decreased predation permits recovery of 
the original population. Even if one species 
should disappear, the system survives because 
there arc many alternative pathways along 
which energy and materials can flow. Diversity 
of species insures that nutrients will be cycled 
effectively and soil structure preserved. 

This complex, stable natural system supports 
the highest productivity and the greatest mass 
of living organisms possible under prevailing 
climatic conditions. Man can glean very little 
from this system, however, for little remains 
after respiration, predators, parasites, and de-

composers claim their share. The situation in a 
rain forest is in sharp contrast to that in a field of 
grass. Energy is stored in a field of grass: it is 
used primarily for growth, rather than for main­
taining the structure of the system. But a field of 
grass generally lacks stability because it con­
tains relatively few species and few feedback 
loops which regulate interactions among spe­
cies. Many ecological niches are empty, invit­
ing other species to invade. Under many condi­
tions, the short-lived, rapidly growing, prolific 
species in the open field tend eventually to be 
displaced by a succession of slower growing, 
longer lived, less prolific species until a sys­
tem develops which is relatively stable under 
the prevailing conditions of soil and climate. 
Left undisturbed, a meadow usually becomes a 
forest. 

The achievement of agriculture is to simplify 
the system so that, as in a field of grass, the 
maximum amount of solar energy is channeled 
into growth. Man supplies the energy for main­
tenance. He plows and plants. He fights off 
competitors, predators, and disease. He sup­
plies fertilizer to replace losses from harvest­
ing. He shelters his animals, feeds and vacci­
nates them, and helps them to breed and to bear 
and raise their young. Thus, only through a 
steady input of energy is man able to divert 
most of the productivity of his fields to his own 
ends. 

It is a difficult stmggle to maintain the sim­
plified system however much energy is put into 
it. Where fields lie barren for part of the year, 
erosion and deterioration of soil structure claim 
their toll. Bigger and better pests continually 
appear. Where irrigation is practiced, water 
shortages and increasing salinity haunt the 
farmer. And if a wheat field is abandoned, does 
a crop of wheat come up the next year? Of 
course not. This illustrates a major difference 
between wild plants and the plants that are 
adapted to modern agricultural methods. Wild 
plants are hardy, physiologically adaptable, and 
able to withstand adversity. Man's crops are 
highly specialized for growth, and consequently 
they are dependent on man for protection and 
even their own propagation. 

THE PENALTY FOR IMPROVEMENT 

The success of modem agriculture depends in 
part on the development of fast growing, high 
yielding strains of plants and animals, whose 
productivity in turn depends on energy-inten­
sive agriculture. For more than ten thousand 
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years man has engaged in selective breeding of 
domestic plants and animals. One of the most 
rem,trkable stories is that of maize, or corn. 
The first evidence of wild maize is from Mexi­
co, dating from more than 7000 years ago. The 
plant probably looked similar to any other grass 
that grows in meadows, and the ear was no 
larger than your thumbnail. Lurking in the 
small seed, however, was the potential to be­
come the corn of today, with huge ears of 
closely packed grain. The yield of modern hy­
brid corn is more than 90 bushels per acre in 
the midwestern United States. But corn can no 
longer survive without man. Even if it weath­
ered a dry season on poor soil, escaping dis­
ease and predation, it would perish within a 
generation or two, for it can no longer shed its 
seed to propagate itself. 

Other domestic plants and animals have also 
become increasingly dependent on man for their 
survival. It seems that an organism can be either 
a generalist or a specialist, but not both. An or­
ganism can process just so much energy in its 
lifetime. If this energy is channeled largely into 
growth, man must tend to the other needs of the 
organism. Our improved plants and animals are 
not truly improved, but are merely specialized. 
They are specialized in growing wool, fat roots, 
or giant fruits, in laying eggs or making milk. 
In diverting their energy into rapid growth, they 
sacrifice many qualities that allowed their wild 
forebears to survive. Selective breeding may 
solve specific problems, but we are fooling our­
selves when we expect a plant to resist disease, 
discourage predators and competitors, with­
stand unfavorable climatic and nutritional con­
ditions, grow rapidly, reproduce abundantly, 
and still yield a bountiful harvest that is tasty, 
nutritious, and beautiful. One manifestation of 
the penalty for improvement is that, in the plant 
world, favorite varieties of grapes, roses, and 
citnis, to name a few, are routinely grafted onto 
wild rootstocks to increase their vigor. 

Another feature of modern crop plants and 
domestic animals is genetic uniformity. Just as 
species diversity enhances a natural system's 
chances for survival, genetic diversity enhances 
a species' chances. If misfortune befalls a ge­
netic subset of a group, the remaining members 
can avert disaster for the population as a whole. 
In addition to being specialized for growth of 
one sort or another, domestic plants and animals 
also tend toward genetic uniformity, which im­
plies uniform resistance or susceptibility to 
adversity. Through modern practices in animal 
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breeding, a dairy bull can spread his genes 
around the world before some camouflaged 
weakness makes itself known in his offspring. 
Vegetative propagation of plants and other 
common practices insure dependably uniform 
crops down to the end. For a popular variety of 
potato known as the lumper, the end was the 
Irish potato famine of 1846. 

It is contradictory to desire uniformity and 
diversity at the same time. Modem agriculture 
values uniformity above all else. The risks are 
well known, but the benefits seem worth the 
gamble. As a result, there have been some di­
sastrous epidemics in our country, including 
southern leaf blight of corn, fungus disease of a 
popular strain of oats called Victory, and the 
wildfire spread of a virulent new race of wheat 
stem rust which attacked a variety of wheat 
bred for resistance to the old race of wheat stem 
rust. The problem of plant breeders is that while 
they make hundreds of experimental crosses, 
nature tries millions. One mutant fungus spore 
or one fecund insect can undo years of the work 
of man. 

The high-yielding varieties of grain that are 
being spread throughout the world as the green 
revolution represent the most extensive experi­
ment in uniformity of crops yet tried. When 
things go well with the green revolution they go 
very well indeed; but the miracle grains are sus­
ceptible to widespread disaster and they pro­
duce no miracles unless grown under the most 
favorable conditions. But complex as are the 
problems of the green revolution, ther alterna­
tive seems to be starvation for about a billion 
people. 

LAND RESOURCES AND 

AGRICULTURE 

There are three ways in which we can try to 
feed the growing number of human beings on 
earth: open up new agricultural and grazing 
lands, increase the productivity of the lands al­
ready in use, and develop new sources of food. 
The long-term success of any of these depends 
on the size of the population we are trying to 
support and on our ability to design self-sus­
taining systems for which there is a non-deplet­
able source of energy and in which materials are 
recycled. 

We are familiar enough with the surface of 
our planet to know that no hidden paradise re­
mains to be discovered. The area of the earth's 
ice-free land surface is about 32 billion acres. 
Roughly one quarter of this is potentially ara-
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blc, another quarter is potentially grazable, and 
half is useless for agriculture, although some of 
it is forested. Much of the unused potentially 
arable land is in the tropics, where its potential 
may be more theoretical than practical. It cer­
tainly is not farmable with today's knowledge 
and techniques and economic restrictions. Prac­
tically all the land that can be cultivated under 
existing social and economic conditions is al­
ready under cultivation. 

In North America, large amounts of arable 
land are not being farmed. However, we should 
not be optimistic about possibilities for expan­
sion, for the best land is already cultivated and 
what remains has serious deficiencies. Further­
more, buildings and highways are spreading so 
malignantly over so much of our prime farm­
land that projections for California, for exam­
ple, indicate that in less than 50 years half of 
the state's agricultural land will have been con­
verted into nonagricultural uses. It is doubtful 
that, in opening new lands, we can run fast 
enough to stay where we are. 

There are sound reasons for not rushing to 
open up vast new areas for crops or grazing, 
even if technical and economic obstacles could 
be overcome. One reason is that agriculture, 
especially as practiced in industrialized nations, 
depends on the activities of unmanaged ecosys­
tems for the cycling of wastes and other materi­
als. The capacities of some of these systems are 
already overtaxed, and further reduction in their 
size would intensify the problems. Another is 
that biologists emphasize the importance of 
maintaining reservoirs of wild plants and ani­
mals from which new and valuable domesti­
cates may be developed. In general, the best 
plan seems to be to increase the productivity of 
lands already under cultivation, which inevi­
tably requires an energy subsidy. The rest of 
this chapter analyzes the energy intensive food 
system in the United States and questions the 
extent to which it is desirable or even possible 
to transfer this technology to the developing na­
tions. 

ENERGY USE IN AN INDUSTRIAL 
FOOD SYSTEM 

In a modern industrial society, only a tiny 
fraction of the population is in frequent con­
tact with the soil, and an even smaller fraction 
of the population raises food on the soil. The 
proportion of the population engaged in farming 
halved between 1920 and 1950, and then halved 
again by 1962. Now it has almost halved again 

and yet a majority of the remammg farmers 
hold part-time jobs off the farm. 1 Simultaneous­
ly, work animals declined from a peak of more 
than 22 million in 1920 to very small numbers 

at present. 2 

In economic terms, the value of food as a 
portion of the total goods and services of soci­
ety now amounts to a smaller fraction of the 
gross national product than it once did. Energy 
inputs to farming have increased enormously 
since 1920, :i and the apparent decrease in farm 
labor is offset in part by the growth of support 
industries for the farmer. But with these 
changes on the farm have come a variety of 
other changes in the U.S. food system, many of 
which are now deeply embedded in the fabric 
of daily life. In the past fifty years, canned, 
frozen and other processed foods have become 
principal items in our diet. At present the food 
processing industry is the fourth largest energy 
consumer in the Standard Industrial Classifica­
tion groupings. The use of transportation in the 
food system has grown apace, and the prolifera­
tion of appliances in both numbers and com­
plexity still continues in homes, institutions, 
and stores. Hardly anyone eats much food as it 
comes from the fields. Even farmers purchase 
most of their food from markets in town. 

Present energy supply problems make this 
growth of energy use in the food system worth 
investigating. It is the purpose of this chapter to 
do so. But there are larger matters at stake. 
Georgescu-Roegen notes that "the evidence 
now before us-of a world which can produce 
automobiles, television sets, etc., at a greater 
speed than the increase in population, but is si­
multaneously menaced by mass starvation-is 
disturbing." 1 In the search for a solution to the 
world's food problems, the common attempt to 
transplant a small piece of a highly industrial­
ized food system to the hungry nations of the 
world is plausible enough, but so far the out­
come is unclear. Perhaps an examination of the 
energy flow in the U.S. food system as it has 
been developed can provide some insights that 
are not available from the usual economic mea­
sures. 

Measures of food systems 

Descriptions of agricultural systems are 
given most often in economic terms. A wealth 
of statistics is collected in the United States 
and in most other countries indicating produc• 
tion amounts, shipments, income, labor, ex­
penses and dollar flow in the agricultural sector 
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of the economy. In what follows, we will make 
use of these statistics, for these values are of 
considerable use in determining the economic 
position of farmers in our society. But agricul­
tural statistics arc only a tiny fraction of the 
story. 

Energy flow is another measure available to 
gauge societies and nations. Only after some 
nations shifted large portions of the population 
to manufacturing, specialized tasks, and mecha­
nized food production, and shifted the prime 
sources of energy to fuels that were transport­
able and usable for a wide variety of activities 
could energy flow be a measure of a society's 
activities. Today it is only in one-fifth of the 
world that these conditions are sufficiently ad­
vanced. 

What we would like to know is: how does our 
food supply system compare in terms of energy 
use to other societies, and to our own past. Per­
haps, knowing this, we can estimate the value 
of energy flow measures as an adjunct to, but 
different from, economic measures. 

Energy in the United States food system 

In the morning, breakfast offers orange juice 
from Florida by way of the Minute Maid fac­
tory, bacon from a mid western meat packer, 
cereal from Nebraska and General Mills, eggs 
from California, milk from not too far away, 
and coffee from Colombia. All these things are 
available at the local supermarket (4.7 miles 
each way in a 300 h.p. automobile), stored in a 
refrigerator-freezer and cooked on an instant-on 
gas stove (see appendix D). 

The present food system in the United States 
is complex and the attempt to analyze it in terms 
of energy use will introduce questions far more 
perplexing than would the same analysis per­
formed on simpler societies. Such an analysis is 
worthwhile, however, if only to find out where 
we stand. We have a food system and most of 
us get enough to eat from it. If, in addition, one 
considers the food supply problems, present 
and future, of societies where a smaller frac­
tion of the people get enough to eat, then our 
experience with an industrialized food system 
is even more important. There is simply no 
gainsaying the fact that most nations are trying 
to acquire industrialized food systems of their 
own, whether in whole or in part. 

What economics tells us is that food in the 
United States is expensive by world standards. 
In 1970 the average annual per capita expendi­
ture for food in the United States was about 
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$600. :3 This is larger than the per capita gross 
domestic product in more than 30 nations of the 
world. These 30 nations contain most of the 
world's people and a vast majority of those who 
are underfed. It would be convenient to know 
whether we can put our hands into the workings 
of our own industrialized food system to extract 
a piece of it that might mitigate their plight, or 
whether they must become equally industrial­
ized in order to operate such a food supply sys­
tem. Even if we consider the diet of a poor resi­
dent of India, the annual cost of his food at U.S. 
prices would be about $200-more than twice 
his annual income. 

The analysis of energy use in the food sys­
tem begins with an omission. We will neglect 
that crucial input of energy provided by the sun 
to the plants upon which the entire food supply 
depends. Photosynthesis is about 1 percent effi­
cient; thus the maximum solar radiation cap­
tured by plants is about 5 x 10:3 kcal/m2 per 
year. Ultimately we can compare the solar input 
with the energy subsidy supplied by modern 
technology. 

Seven categories of energy use on the farm 
were considered. The amounts of energy used 
are shown in [Figure l]. The values for farm 
machinery and tractors are for the manufacture 
of new units only and do not include parts and 
maintenance for existing units. The amounts 
shown for direct fuel use and electricity con­
sumption are a bit too high because they include 
some residential uses of the farmer and his fam­
ily. On the other hand, some uses in these cate­
gories are not reported in the summaries em­
ployed to obtain the values for direct fuel and 
electricity usage. These and similar problems 
are discussed in the appendix. Note the relative­
ly high energy cost associated with irrigation. 
In the United States, less than 5 percent of the 
cropland is irrigated. In some countries where 
the green revolution is being attempted, the new 
high yield varieties require irrigation while na­
tive crops did not. If that were the case in the 
United States, irrigation would be the largest 
single use of energy on the farm. 

Little food makes its way from field and farm 
directly to the table. The vast complex of pro­
cessing, packaging, and transport has been 
grouped together in a second major subdivision 
of the food system. [Figure 2] displays the ener­
gy use in food processing and packaging. 
Energy use for transport of food should be 
charged to the farm in part, but we have not 
done so because the calculation of the energy 
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Fig. I. Energy use on farms, 1940-1970. Transportation is included in the food processing sector. 

150 

120 

!::! 
cons

90 
0 \1Jl1' • 

X 
s1ee\ B,. 0 

60 
u 

� 
360 30 

330 
Paper packaging 

1940 1950 1960 1970 

300 300 

270 270 

240 240 

210 210 0 

180 X 180 
N � 
0 

�-.) 0 v 
150 u 150 X �o 

..x 

0 
�', 

120 120 
u �._o 

90 90 

�· 60 60 
s

30 
Food proc. mach. 

30 

0 1940 1950 1960 1970 1940 1950 1960 1970 

Fig. 2. Energy use in the food processing sector. 

143



450 

300 

150 

X 

0u -" 

O 1940 

t . machinery 
Re ng, 

1950 1960 1970 

Fig. 3. Commercial and home energy use in the food 
system. These arc selected uses only. 

values is easiest (and we believe most accurate) 
if they are taken for the whole system. 

After food is processed there is further energy 
expenditure. Transportation enters again, and 
some fraction of the energy used for transpor­
tation should be assigned here. But there are 
also the distributors, wholesalers and retailers, 
whose freezers, refrigerators and very estab­
lishments are an integral part of the food sys­
tem. There are also the restaurants, schools, 
universities, prisons, and a host of other institu­
tions engaged in the procurement, preparation, 
storage, and supply of food. We have chosen to 
examine only 3 categories: the energy used for 
home refrigeration and cooking, for commer­
cial refrigeration and cooking, and that used for 
the manufacture of the refrigeration equipment. 
[figure 3] shows energy consumption for these 
categories. There is no attempt to include the 
energy used in trips to the store or restaurant. 
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Fig. 4. Energy use in the food system, 1940-1970, 
compared to caloric energy content of food con­
sumed. 

Garbage disposal has also been omitted, al­
though it is a persistent and growing feature of 
our food system. Twelve percent of the nation's 
trucks are engaged in waste disposal which is 
largely, though not entirely, related to food. If 
there is any lingering doubt that these activi­
ties-both the ones included and the ones left 
out-are an essential feature of our present food 
system, one need only ask what would happen 
if everyone should attempt to get on without a 
refrigerator or freezer or stove? Certainly the 
food system would change. 

... As for many activities in the past few de­
cades, the story [ of primary energy use by the 
U.S. food system] is one of continuing in­
crease. The totals [for 1940 to 1970] are dis­
played in [Figure 4] along with the energy value 
of the food consumed by the public. The food 
values were obtained by multiplying the annual 
caloric intake with the population. The differ­
ence in caloric intake over this 30-year period 
is not significant and the curve mostly indicates 
the population increase in this period. 

PERFORMANCE OF AN 

INDUSTRIALIZED FOOD SYSTEM 

The difficulty with history as a guide for the 
future or even the present lies not so much in 
the fact that conditions change-we are at least 
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continually reminded of that fact-but that his­
tory is only one experience of the many that 
might have been. The U.S. food system devel­
oped as it did for a variety of reasons, many 
of them probably not understood. It would do 
well to examine some of the dimensions of this 
development before attempting to theorize 
about how it might have been different, or how 
parts of this food system can be transplanted 
elsewhere. 

Energy and food production 

[Figure 5] displays features of our food sys­
tem not easily seen from economic data. The 
curve shown has no theoretical basis, but is sug­
gested by the data as a smoothed recounting of 
the history of increasing food production. It is, 
however, similar to growth curves of the most 
general kind, and it suggests that, to the extent 
that the increasing energy subsidies to farm pro­
duction have increased that production, we are 
near the end of an era .... there is an exponen­
tial phase which began in 1920 or earlier and 
lasted until 1950 or 1955. Since then the incre­
ments in production obtained by the growth in 
energy use have become smaller. It is likely that 
further increases in food production from in­
creasing energy inputs will be harder and harder 
to come by. Of course, a major modification in 
the food system could change things. However, 
the argument advanced by the technological 
optimists-that we can always produce more if 
we have enough energy and that no other major 
changes arc needed-is not supported by our 
own history. 

Energy and labor in the food system 

One farmer now feeds 50 people, and the 
common expectation is that labor inputs to 
farming will continue to decrease in the future. 
Behind this expectation is the assumption that 
continued application of technology-and ener­
gy-to farming will substitute for labor. [Figure 
6] is the substitution curve of energy for labor
on the form. It shows the historic decline in
farm labor as a function of the energy subsidy
to the food system. Again the familiar "S"
shaped curve may be seen. Reduction of farm
labor by increasing energy inputs cannot go
much further.

The food system that has grown during this 
period has provided a great deal of employment 
that did not exist 20, 30 or 40 years ago. Per­
haps even the idea of a reduction of labor input 
is a myth when the food system is viewed as a 
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whole, instead of examining the farm worker 
only. Pimentel and associates cite an estimate 
of two farm support workers for each person 
employed on the farm. :i To this must be added 
employment in food processing industries, in 
food wholesale and retail establishments and in 
the manufacturing enterprises that support the 
food system. Yesterday's farmer is today's can­
ner, tractor mechanic and fast food carhop. The 
process of change has been painful to many 
ordinary people. The rural poor, who could not 
quite compete in the industrialization of farm­
ing, migrated to the cities. Eventually they 
found other employment, but one must ask if 
the change was worthwhile. The answer to that 
question cannot be provided by energy analysis 
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any more than by economic data, because it 
raises fundamental questions about how indi­
viduals would prefer to spend their lives. But if 
there is a stark choice of long hours as a farmer, 
or shorter hours on the assembly line of a meat 
packing plant, it seems clear that the choice 
would not be universally in favor of the meat 
packing plant. Thomas Jefferson dreamed of a 
nation of independent small farmers. It was a 
good dream, but society did not develop in that 
way. Nor can we turn back the clock to recover 
his dream. But in planning our future, we had 
better look honestly at our collective history, 
and then each of us look closely at his own 
dreams. 

The energy subsidy to the food 
system 

The data on [Figure 5] can be combined to 
show the energy subsidy provided to the food 
system for the recent past. We take as a mea­
sure of the food supplied, the caloric content of 
the food actually consumed. This is not the only 
rneasure of the food supplied, as many protein­
poor peoples of the world clearly show. Never­
theless the ratio of caloric input to output is a 
convenient way to compare our present situa­
tion with the past. [Figure 7] shows the history 
of the U.S. food system in terms of the number 
of calories of energy supplied to produce one 
calorie of food for actual consumption. It is in­
teresting and possibly frightening to note that 
there is no indication that this curve is leveling 
off. Fragmentary data for 1972 suggest that the 
increase continued unabated. We appear to be 
increasing the energy input even more. Note 
that a graph like [Figure 7] could go to zero. A 
natural ecosystem has no fuel input at all, and 
those primitive people who live by hunting and 
gathering have only the energy of their own 
work to count as input. 

Some economic features of the U.S. 
food system 

The markets for farm commodities in the 
United States come closer than most to the 
economist's ideal of a free market. In a free 
market there are many small sellers, many buy­
ers, and thus no individual is able to affect the 
price by his own actions in the marketplace. 
But a market would satisfy these conditions 
only in the absence of intervention in its func­
tion. Government intervention in the prices of 
agricultural products (and hence of food) has 
been a prominent feature of the U.S. food sys-
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Fig. 7. Energy subsidy to the food system to obtain 
one food calorie. The values for period 1910-1937 
cannot be fully documented, and thus we present a 
range of values for that period. 

tern for at least thirty years. Between 1940 
and 1970 total farm income has ranged from 
$4.5 to $16.5 billion, and that part of the Na­
tional Income having its origin in agriculture 
(which includes indirect income from agricul­
ture) has ranged from $14.5 to $22.5 billion. 
Meanwhile government subsidy programs, pri­
marily farm price supports and soil bank pay­
ments, have grown from $1.5 billion in 1940 to 
$6.2 billion in 1970. In 1972 these subsidy 
programs had grown to $7 .3 billion despite for­
eign demand for U.S. agricultural products. 
Viewed in a slightly different way, direct gov­
ernment subsidies have accounted for 30 to 40 
percent of farm income and they have ac­
counted for 15 to 30 percent of the National In­
come attributable to agriculture for the years 
since 1955. The point is important because it 
emphasizes once again the striking gap between 
the economic description of society and the eco­
nomic models used to account for that society's 
behavior. 

The issue of farm price supports is related to 
energy in this way: first government interven­
tion in the food system is a feature of almost all 
highly industrialized countries (and, despite the 
intervention, farm incomes still tend to lag be­
hind national averages); and secondly, because 
reduction of the energy subsidy to agriculture 
(even if we could manage it) might reduce farm­
er's incomes. One reason for this state of affairs 
is that quantitative demand for food has definite 
limits and, without farm price supports, the 
only way to increase farm income is to increase 
the unit cost of agricultural products. Consumer 
boycotts and protests in the early 1970s suggest 

146



 TECHNOLOGY AND THE PROFESSIONS 

that there is considerable resistance to this 
course of action. 

Government intervention in the functioning 
of the market for agricultural products has in-­
creased with the use of energy in agriculture 
and the food supply system and we have noth­
ing but theoretical suppositions to suggest that 
either event could happen alone. 

SOME ENERGY IMPLICATIONS FOR 
THE WORLD FOOD SUPPLY 

The food supply system of the United States 
is complex and interwoven into a highly indus­
trialized economy. We have tried to analyze 
this system owing to its implications for future 
energy use. But the world is also short of food. 
A few years ago it was widely predicted that 
the world would experience widespread famine 
in the 1970s. The adoption of new high-yield 
varieties of rice, wheat, and other grains has 
caused some experts to predict that the threat of 
these expected famines can now be averted­
perhaps indefinitely. Yet, despite increases in 
grain production in some areas, the world still 
seems to be headed towards famine. The adop­
tion of these new varieties of grain-dubbed 
hopefully the green revolution-is an attempt 
to export a part of the energy-intensive food 
system of the highly industrialized countries to 
non-industrialized countries. It is an experi­
ment, because the whole food system is not 
being transplanted to new areas, but only a 
small part of it. The green revolution requires 
a great deal of energy. Many of the new grain 
varieties require irrigation in places where tra­
ditional crops <lid not, and almost all the new 
crops require extensive fertilization. Both irri­
gation and fertilization require high inputs of 
energy. 

The agricultural surpluses of the I 950s have 
largely disappeared. Grain shortages in China 
and the U .S.S. R. have attracted attention be­
cause they have brought foreign trade across 
ideological barriers. There are other countries 
that would probably import considerable grain 
if they could afford it. But only four countries 
may be expected to have any substantial 
excess agricultural production: Canada, New 
Zealand, Australia, and the United States. None 
of these is in a position to give grain away, be­
cause they need the foreign trade to avert 
ruinous balance of payment deficits. Can we 
then export energy-intensive agricultural meth­
ods instead? 

Energy-intensive agriculture abroad 

It is quite clear that the United States food 
system cannot be exported intact at present, 
For example, India has a population of 550 >1-
10 1

; persons. To feed· the people of India at the 
United States level of about 3,000 kilocalorics 
per day (instead of their present 2,000) wou]d 
require more energy than India now uses for all 
purposes. If we wished to feed the entire world 
with a food system of the U.S. type almost 80 
percent of the world's annual energy expenctj� 
ture would be required. 

The recourse most often suggested is to ex­
port only methods of increasing crop yield, 
and to hope for the best. We must repeat that 
this is an experiment. We know that our food 
system works (albeit with some difficulties and 
warnings for the future) but we do not know 
what will happen if we take a piece of that sys­
tem and transplant it to a poor country that iS 
lacking the industrial base of supply, transport 
system, processing industry, appliances for 
home storage and preparation, and most of all, 
a level of industrialization permitting higher 
food costs. 

The energy requirements of green revolutioJ1 
agriculture have some important political and 
social implications. To the extent that the West­
ern, highly industrialized countries must cow

tinue research and development for the new 
strains continually required to respond to new 
plant diseases and pests that can and do sweep 
through areas planted with a single variety ( con­
sider the recent problem with corn blight in the 
midwest), the Western countries will possess a 
hold over the developing countries. Political 
radicals sometimes dub this state of affairs 
Htcchnological imperialism," but, whatever 
the name, the developing countries resent their 
dependence upon the vagaries of another na­
tion's priorities. In order to avoid this source of 
friction the improved agriculture must be man­
aged within the developing countries. In many 
of the developing countries such internal pro­
grams have begun. But establishment of any­
thing like the agricultural extension network of 
the United States will require a significant ex­
penditure of energy. Failure to establish net­
works of this type has, in some green revolu­
tion areas, favored the better-educated farmer 
against the peasants, who have little access to or 
knowledge of the new grain varieties. The ne­
cessity to fertilize and irrigate also favors the 
larger, more affluent farms-often with the 
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result of driving more peasants off the land and 
into the cities, where developing nations face a 
difficult problem already. 

Fertilizers, herbicides, pesticides and in 
many cases, machinery and irrigation are 
needed to have any hope of success with the 
green revolution. Where is the energy for this to 
come from? Many of the nations with the most 
serious food problem are also those with scant 
supplies of fossil fuels. In the industrialized 
nations, solutions to the energy supply prob­
lems are being sought in nuclear energy. This 
technology-intensive solution, even if success­
ful in advanced countries, poses additional 
problems for underdeveloped nations. To create 
the base of industry and technologically sophis­
ticated people within their own country will be 
beyond many of them. Once again they face 
the prospect of depending upon the good will 
and policies of industrialized nations. Since the 
alternative could be famine, their choices are 
not pleasant, and their irritation at their bene­
factors-ourselves among them-could grow 
to threatening proportions. It would be comfort­
able to rely on our own good intentions, but our 
good intentions have often been unresponsive 
to the needs of others. The matter cannot be 
glossed over lightly. World peace may depend 
upon the outcome. 

Choices for the future 

Application of energy on our farms is now 
near 10a kcal/m2 per year for corn,a and this is 
more or less typical of intensive agriculture in 
the United States. With this application of ener­
gy we have achieved yields of 2 x I 03 kcal/m2 

per year of usable grain-bringing us to almost 
half of the photosynthetic limit of production. 
Fmther applications of energy are likely to yield 
little or no increase in the level of productivity. 
In any case research is not likely to improve the 
efficiency of the photosynthetic process itself. 
There is a further limitation of improvement of 
yield. Faith in technology and research has at 
times blinded us to the basic limitations of the 
plant and animal material with which we work. 
We have been able to emphasize desirable fea­
tures already present in the gene pool, and to 
suppress others that we find undesirable. At 
times the cost of increased yield is the loss of 
desirable characteristics-hardiness, resistance 
to disease and adverse weather and the like. 
The further we get from characteristics of the 
original plant and animal strains, the more 
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care-and energy-is required. Choices must 
be made in the directions of plant breeding. 
And the limitations of the plants and animals 
we use must be kept in mind. We have not been 
able to alter the photosynthetic process, or to 
change the gestation period of animals. In or­
der to amplify or change an existing characteris­
tic we will probably have to sacrifice something 
in the overall performance of the plant or ani­
mal. If the change requires more energy, we 
could end with a solution that is too expensive 
for people who need it most. These concerns 
are intensified by the degree to which energy 
becomes more expensive in the world market. 

WHERE NEXT FOR FOOD? 

[Figure 8] shows the energy subsidy ratio to 
energy output for a number of widely used 
foods in a variety of times and cultures. For 
comparison the overall behavior of the United 
States food system is shown, but the compari­
son is only approximate because, for most of 
the specific crops, the energy input ends at the 
farm. As has been pointed out, it is a long way 
from the farm to the table in industrialized so­
cieties. Several things are immediately appar­
ent, and coincide with expectations. High pro­
tein foods, such as milk, eggs, and meat, have a 
far poorer energy return than do plant foods. 
Because protein is essential for human diets, 
and because the amino acid balance necessary 
for good nutrition is not found in most cereal 
grains, we cannot abandon meat sources alto­
gether. [Figure 8] indicates how unlikely it is 
that increased fishing or production of fish pro­
tein concentrate will solve the world's food 
problems. Even if we leave aside the question 
of whether the fish are available-a point on 
which expert opinions differ-it would be hard 
to imagine, with rising energy prices, that fish 
protein concentrate will be anything more than 
a by-product of the fishing industry, for it re­
quires more than twice the energy of production 
of grass-fed beef or eggs. Distant fishing is still 
less likely to solve food problems. On the other 
hand, coastal fishing is relatively low in energy 
cost. Unfortunately, however, coastal fisheries 
are threatened with overfishing as well as pollu-
tion. 

The position of soybeans may be crucial in 
[Figure 8]. Soybeans possess the best amino 
acid balance and protein content of any widely 
grown crop. This has long been known to the 
Japanese, who have made soybeans a staple of 
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Fig. 8. Energy subsidies for various food crops. The energy history of the U.S. food system is 
shown for comparison. 
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their diet, and to beef feedlot operators. Are 
there other plants, possibly better suited for lo­
cal climates, which have adequate proportions 
of amino acids in their proteins? There are 
about 80,000 edible species of plants, of which 
only about 50 are actively cultivated on a large 
scale (and 90 percent of the world's crops come 
from only 12 species). We may yet be able to 
find species that can help the world's food sup­
ply. 

The message of [Figure 8 J is simple. In prim­
itive cultures, 5 to 50 calories of food were ob­
tained for each calorie invested. Some highly 
civilized cultures have done as well and occa­
sionally better. In sharp contrast, industrialized 
food production requires an input of 5 to 10 
calories of fuel to obtain 1 calorie of food. We 
must pay attention to this difference-especial­
ly if energy costs increase. If some of the ener­
gy subsidy for food production could be sup­
plied on-site, with renewable sources-primar­
ily sun and wind-we might be able to provide 
an energy subsidy. Otherwise the choices ap­
pear to be less energy-intensive food produc­
tion or famine for many areas of the world. 

Energy reduction in agriculture 

It is possible to reduce the amount of energy 
required for agriculture and the food system. A 
series of thoughtful proposals by Pimentel and 
associates deserve wide attention. :i Many of 
these proposals mitigate environmental prob­
lems, and any reductions in energy use provide 
direct reduction of the pollutants due to fuel 
consumption as well as more time to solve our 
energy supply problems. Among the sugges­
tions made by Pimentel and associates are the 
following. 

First, we should use natural manures. The 
United States has a pollution problem from run­
off from animal feedlots, and yet we apply large 
amounts of manufactured fertilizer to fields. 
More than one million kcal per acre could be 
saved by substituting manure for manufactured 
fertilizer (and as a side benefit, the condition 
of the soil would be improved). Widespread use 
of natural manure will require decentralization 
of feedlot operations so that manure is gener­
ated closer to the point of application. Decen­
tralization would increase feedlot costs, but if 
energy prices rise, feedlot operations will rap­
idly become more expensive in any case. Crop 
rotation is less widely practiced than it was even 
twenty years ago. Increased use of crop rotation 
or interplanting winter cover crops of legumes 
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(which fix nitrogen as a green manure) saves 
I .5 million kcal per acre compared to commer­
cial fcrtil izer. 

Second, weed and pest control could be ac­
complished at a much smaller cost in energy. A 
10 percent saving of energy in weed control 
could be obtained by using the rotary hoe twice 
in cultivation instead of using herbicides (again 
with pollution abatement as a side benefit). 
Biologic pest control-that is, the use of sterile 
males, introduced predators and the like-re­
quires only a tiny fraction of the energy needed 
for pesticide manufacture and application. A 
change to a policy of "treat when and where 
necessary" in pesticide application would bring 
a 35 to 50 percent reduction in pesticide use. 
Hand application of pesticides requires more 
labor than machine or aircraft application, but 
the reduction of energy is from 18,000 kcal per 
acre to 300 kcal per acre. Changed cosmetic 
standards, which in no way affect the taste or 
edibility of food stuffs, could also bring about 
a substantial reduction in pesticide use. 

Third, the directions in plant breeding might 
emphasize hardiness, disease and pest resis­
tance, reduced moisture content (to end the 
wasteful use of natural gas in drying crops), re­
duced water requirements, and increased pro­
tein content-even if it means some reduction 
in overall yield. In the longer run, plants not 
now widely cultivated might receive some 
serious attention and breeding efforts. 

The direct use of solar energy on farms, a re­
turn to wind power (using the modern windmills 
now in use in Australia), and the production of 
methane from manure are all possibilities. 
These methods require some engineering to be 
economically attractive, but it should be empha­
sized that these technologies are now better 
understood than is the technology of breeder 
reactors. If energy prices rise, these methods 
of energy generation would be attractive alter­
natives even at present costs of implementation. 

Energy reduction in the U.S. food system 

Beyond the farm, but still far short of the ta­
ble, many more energy savings could be intro­
duced. The most effective way to reduce the 
large energy requirements of food processing 
would be a change in eating habits towards less 
highly processed foods. The current dissatis­
faction with many processed foods from 
''marshmallow'' bread to hydrogenated peanut 
butter could presage such a change, if it is more 
than just a fad. Technological changes could 
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reduce energy consumption on an industry by 
industry basis but the most effective way to en­
courage the adoption of methods using less 
energy would be to increase the cost of ener­
gy. Such price increases almost certainly await 
us. 

Packaging has long since passed the stage of 
simply holding a convenient amount of food to­
gether and providing it with some minimal pro­
tection. Legislative controls may be needed in 
packaging to end the spiralling competition of 
manufacturers in amount and expense of pack­
aging. In any case, recycling of metal contain­
ers and wider use of returnable bottles could re­
duce this large energy use. 

The trend toward the use of trucks in food 
transport to the virtual exclusion of trains 
should be reversed. By simply reducing the di­
rect and indirect subsidies of trncks, we might 
go a long way toward enabling trains to com­
pete. 

Finally, in the home we may have to ask 
whether the ever larger frostless refrigerators 
are needed, and whether the host of kitchen ap­
pliances really mean less work. 

Store delivery routes, even by truck, would 
require only a fraction of the energy used by 
private autos for food shopping. Rapid transit, 
giving some attention to the problems of shop­
pers with parcels would be even more energy­
efficient. 

If we insist on a high energy food system, 
we should consider starting with coal, oil, gar­
bage-or any other source of hydrocarbons­
and producing food in factories from bacteria, 
fungi, and yeasts. These products could be fla­
vored and colored appropriately for cultural 
tastes. Such a system would be more efficient 
in use of energy, solve waste problems, and 
permit much or all of the agricultural land to be 
returned to its natural state. 

Energy, prices, and hunger 

lf energy prices rise-as they have already 
begun to do-the rise in the price of food in 

societies with industrialized agriculture can be 
expected to be even larger than the energy price 
increases. Slesser, in examining the case for 
England, suggests that a quadrupling of.energy 
prices in the next forty years would bring about 
a sixfold increase in food prices. 5 Even small 
increases in energy costs may make it profitable 
to increase labor input to food production. Such 
a reversal of the fifty year trend toward energy­
intensive agriculture would present environ­
mental benefits as a bonus. 

We have tried to show how analysis of the 
energy flow in the food system illustrates fea­
tures of the food system that are not easily de­
duced from the usual economic analysis. De­
spite some suggestions for lower intensity food 
supply and some frankly speculative sugges­
tions, it would be hard to end this chapter on a 
note of optimism. The world drawdown in grain 
stocks which began in the mid 1960s continues, 
and some food shortages are likely throughout 
the l 970s and early 1980s. Even if population 
control measures begin to limit world popula­
tion, the rising tide of hungry people will be 
with us for some time. 

Food is basically a net product of an ecosys­
tem, however simplified. Food starts with a 
natural material, however modified later. Injec­
tions of energy (and even brains) will carry us 
only so far. If humankind cannot adjust its 
wants to the world in which it lives, there is 
little hope of solving the food problem for man­
kind. In that case the problem will solve man­
kind. 
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Of mites and men 

In which scientists and environmentalists argue about 
the right way to kill insects 

WILLIAM TUCKER 

■ William Tucker is ll contribwing editor o
f 
Harper's mllgllzine. l/i.1· articll' "Environ111ellllllis111 llnd the l.l'isure 

Class'' ( Harper's, December 1972) ea med him an Honorable Mention in rite Annual Gerald Loeb All'ard.1·. He also 
was recemly chosen a winner of the Annual John Hancock Awllrd.r. Both mvard.r lire fin· excellence in lm.l'iness llnd 
jinllncilll journalism. 

In "Of 
Mites llnd Men" Tucker addresses the i.l'.l"lle of biological insect control. A rnse history of ll company

l'ngllged in the developml'lll and sale of biological insecticidl'.1· is cited. As a remit of obstacles placl'd by thl' En­
vironmemal Protection Agt.'ncy in the pmh of biological-control research llnd thl' sale of products resulting ji"0111 
.rnch research, thl' company experiencl'd serio11.1· Jinancial diffirnlties and was rnbseq11e111ly sold. Tucker blaml's 
the policil's o

f the EPA m1 environml'ntalists, and launches a severe a/lack against them. In partirnlar he singles 0111
Rachel Carson's book Silent Spring, in which he sees the "embryonicfonn" of the latl'r "excl'sse.1· of environmen­
wlists.'' Three claims madl' by environmentlllists and defended in Carson's book are !IS.H!.\'.1·ed llnd disposed of. They 
are: (I) that in the good old days, the ''pre-pesticide past,'' the crops were good and the insects were few; (2) thm 
there are ''narura/'' and ''11nnllt11ral" chemical.I', pe,l'ticides being of the hut er sort; and (3) that ''unnatural'' chem­
icals, like pesticides, cause cancer. 

Nothing is easier than to admit in words the truth 
of the universal struggle for life, or more difficult­
at least I found it so-than constantly to bear this 
conclusion in mind. 

Charles Darwin, 111e Origin of Species 

In the early 1950s, a small company named 
Nutrilite Products, Inc., in Buena Park, Cali­
fornia, was making a modest income selling a 
vitamin supplement guaranteed to be made 
completely from "natural" products. The vita­
mins were extracted from alfalfa grown on 
Nutrilite's 1,000-acre farm in the San Jacinto 
Valley, 100 miles northeast of Los Angeles. 
The company was using only "organic" humus 
fertilizers and no chemical pesticides when, in 
1953, it discovered an infestation of small, 
green aphids eating their way through the crop. 

Nutrilite felt morally obliged to avoid treat­
ing its fields with chemical pesticides, so the 
late Carl Rehnborg, founder of Nutrilite, con­
sulted agricultural scientists at the University of 
California at Riverside, who suggested he try 
spreading an insect-attacking fungal disease 
among the aphids. "We did it and it worked," 
Rehnborg wrote later. "It was a great moment 
in the history of this company. 

Two years later, in 1955, when Nutrilite's 
alfalfa fields were again attacked by the vora-

□ Copyright © 1978 by Harper's Magazine. All rights
reserved. Excerpted from the August 1978 issue by special 
permission,

cious catepillar larvae of a small, mothlike 
lepidopterous insect, Nutrilite again turned to 
the universities. This time Rehnborg was di­
rected to Berkeley, where Dr. Edward A. Stein­
haus, often called the "father of insect pathol­
ogy in the United States," introduced him to an 
insect-attacking bacteria called Bacillus 1/111-

ringiensis, which had been first isolated in 
Germany in 1911 . ''BT,'' as it came to be 
called, was known to infest a wide variety of 
lepidopterous (moth and butterfly) larvae, while 
being completely harmless to humans, animals, 
and other insect families. Once again, the prod­
uct worked. 

Rehnborg was impressed and began con­
sidering marketing BT for use against the doz­
ens of lepidopterous insects that variously at­
tack cotton, vegetables, fruit orchards, forest 
trees-almost every form of vegetation. He 
hired an entomologist named Dr. Abdul 
Chauthani, who went to work in Nutrilite's 
small laboratory, developing various strains of 
BT and trying to isolate other insect-attacking 
bacteria and viruses. In 1960, at a cost of 
$300,000, Nutrilite was able to register BT with 
the U.S. Department of Agriculture for use 
against the cabbage looper. Since the USDA 
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would require similar "efficacy" testing for use 
of BT against each separate pest on each sepa­
rate crop, Nutrilite limited its work to cabbages 
and tried to save enough money to extend reg­
istration to other crops. Several larger compa­
nies in the pesticide field noted Nutrilite's suc­
cess and registered BT for other uses. By 1962, 
when naturalist-author Rachel Carson first pub­
licized the "biological control" of insects as an 
alternative to toxic chemicals like DDT, she 
was able to describe Bacillus thuringiensis as 
one of the most promising "alternate" meth­
ods, already used successfully against alfalfa 
pests in California, gypsy moths in Canada and 
Vermont, and banana-eating insects in Panama. 

For the next ten years, the pace of research 
accelerated at Nutrilite, and by 1970 Dr. 
Chauthani and other researchers had isolated a 
wide range of bacteria and viruses that could 
selectively attack a variety of insects. The com­
pany had obtained two "experimental-use" 
permits from the USDA and had about ten oth­
er promising products waiting to go into regis­
tration procedures, when it ran into an unusual 
and unexpected opponent-the environmental 
movement and the newly formed Environmen­
tal Protection Agency (EPA). 

In 1972, the EPA, formed after nearly a de­
cade of public agitation about environmental 
problems, began enforcing the brand-new Fed­
eral Environmental Pesticide Control Act, 
passed that year. The bill had been adopted in 
response to widespread public fears about DDT 
and other chemical pesticides, first raised by 
Carson's Silent Spring, published in 1962. Re­
sponding to the Congressionally mandated task 
of reviewing registration of all 30,000 existing 
pesticides, in addition to enforcing tighter reg­
istration requirements against new pesticides, 
the EPA revoked Nutrilite's two-year-old ex­
perimental permits and asked for two more 
years of data proving that insect bacteria and 
viruses could be used safely in the environ­
ment. Nutrilite would be forced to spend about 
$200,000 on testing before it could begin exper­
imenting with the bacteria again. In addition, 
there would eventually have to be extensive 
toxicity testing to prove that the bacteria would 
not have unintended effects on small mammals, 
fish, birds, marine life, or farm animals, nor 
would it leave residues that might produce 
cancer, mutations, or birth defects in humans. 
What was worse, the EPA itself seemed unsure 
about how the strict environmental standards 
should be applied to such "biological" con-

trols. "The EPA changed its mind so many 
times, we gave up trying to figure out what they 
wanted," said Dr. Chauthani when I inter· 
viewed him by telephone this spring. 

After several years of frustration Nutrilite 
retrenched its efforts to register new products, 
and tried to continue making money with BT. 
By 1971, however, Abbott Laboratories had 
developed another strain of BT that worked 
more effectively. Nutrilite would have to switch 
to the new strain to remain competitive, but 
company officials soon realized that the EPA 
was going to require complete re-registration of 
the new strain even though it was genetically 
only slightly different from the old one. In des· 
peration, Nutrilite proposed combining its old 
BT strain with the newly developed pyre­
throids, a synthetic version of the pyrethrin 
chemicals derived from the chrysanthemum 
flower and used against insects for centuries. 
The EPA informed Nutrilite that it would still 
have to go through the $500,000 registration 
procedure for each separate insect on each sep­
arate crop because the new synthetic pyrethrins 
had not been proved to be safe, even though 
they are almost the same chemical compounds 
as the natural pyrethrins that are known to be 
safe. 

With nowhere to go, Nutrilite withdrew its 
own BT strain from the market in 1975, and has 
since abandoned all further research on insect 
bacteria and viruses. The company has decided 
to continue some research in breeding parasitic 
insects simply because this form of biological 
control has not yet been required to go through 
registration procedures by the EPA. The com· 
pany was financially weakened by its unsuc­
cessful venture into biological controls, and in 
1975 most of its stock was bought by the 
Amway Corporation, a Michigan firm that sells 
shoe polish and cleaning products door-to-door 
through a franchising system. Amway officials 
say they intend to continue spending some mon­
ey for insect-control research, but are mainly 
interested in marketing Nutrilite's vitamin sup­
plement. 

"We're very bitter," said Dr. James Cupel­
lo, manager of insect-control research at Nutri­
lite, when I talked to him on the phone in 
March. "But this company is not going to 
spend another penny trying to develop biologi­
cal controls as long as we have to go through 
the EPA. The risks are too great that we'd 
spend a million dollars on research and four 
years later we'd find out that the EPA wouldn't 
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let· us register the product. We've had the rep­
utation of being the leading marketing company 
for biological controls in this country, but no­
body is going to be able to do anything in this 
field as long as they have to contend with the 
EPA. We're going back to making vitamin 
supplements and trying to stay as far away as 
possible from the Environmental Protection 
Agency.'' 

I first became interested in finding out what 
happened to Rachel Carson's '' other road'' of 
biological insect-controls after reading several 
newspaper stories on the subject in the past two 
years. Each of these accounts told of the won­
ders that had been coming out of the labora­
tories over the past decade-insect chemical 
mating signals, or "sex pheromones," had 
been molecularly decoded and synthesized so 
they could be broadcast on infested fields where 
they would turn the insects' mating attempts 
into a three-ring circus; "juvenile" and "anti­
juvenile" hormones had been discovered that 
could either keep insects forever young and 
sexually immature or make them try to meta­
morphose prematurely into adults before they 
had even had time to grow their larval whiskers; 
strange bacterial and viral diseases had been 
isolated that attacked only certain insects and 
left other species unharmed. Checking back 
into Silent Spring, I found that the early re­
search on all these methods of biological con­
trol had been the main substance of Rachel 
Carson's "other road" of biological controls 
that would lead us away from toxic chemicals 
like DDT. 

But there was a curious footnote in all these 
stories that usually didn't occur until about the 
last three paragraphs. For some incomprehen­
sible reason, the Environmental Protection 
Agency was not allowing any of these new 
''third generation'' pesticides to be registered 
without demanding the enormously expensive 
testing procedures originally designed to keep 
chemicals like DDT and the other ''bad" pesti-. 
cides off the market. As a result, most of these 
new methods were still languishing in the labo­
ratories. The situation was always treated as 
some odd mistake, some bureaucratic foul-up 
that would be straightened out as soon as the 
EPA could settle down, stop "reorganizing," 
and understand the facts clearly. No one 
seemed willing to consider that the generals at 
the EPA might still be fighting the last war, 
and that the broad snare of regulation designed 
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to capture DDT and other' 'old-fashioned'' pes­
ticides had now entangled the new generation 
of pesticides as well. It appears, however, that 
that is what has happened. 

The biological controls that Rachel Carson 
offered as the other road to pest control have 
indeed come of age after a decade of brilliant 
research by American chemists and entomolo­
gists. Scientists have discovered all anybody 
would ever want in an insecticide-carefully 
isolated chemicals that attack only the ''target'' 
pests, leave beneficial insects unharmed, and 
seem to leave no long-term residues that could 
harm other organisms in the environment. But 
while these serious research specialists were 
seeking the answers to environmental prob­
lems in the laboratories, another army of en­
thusiasts was traveling its own other road, 
which led straight to Washington. This was the 
environmental movement, a concatenation of 
glorious amateurs, "aroused" citizens with a 
knack for talking about what they really didn't 
understand, vocationless aristocrats defending 
the imagined glories of the past, housewives 
with a flare for writing publicity releases, law­
yers with a talent for histrionics, and ''mili­
tant'' scientists and academics with a willing­
ness to shade the truth just a bit in pursuit of a 
"good cause." This army arrived in the Capital 
in the early 1970s, quickly routed DDT and its 
allied devils, occupied offices close to Capitol 
Hill, and have roamed the halls of Congress 
ever since. Jts major accomplishment has been 
to build a wall of regulation so solid and in­
surmountable that almost no pesticides should 
ever be able to scale it again. When the serious 
scientists, who had attempted a positive ap­
proach to the problem, arrived in Washington 
with the results of their research, they ran up 
against the brick wall of the Environmental 
Protection Agency. They have been fruitlessly 
beating their heads against it ever since .. 

MYTHS OF ENVIRONMENTALISM 

There are three fundamental problems that 
have caused the current dilemma of environ­
mentalism. First, there is the myth, which en­
vironmentalists have fashioned, of an ideal, 
preindustrial, prepesticide past, when crops 
were good, living was easy, and insects were 
few. This is a complete fantasy. Second, there 
is the false distinction between ·'natural'' and 
''unnatural'' chemicals, and the implicit as­
sumption that chemicals like pesticides never 
occur in nature. Third, there is the myth that 

154



TECHNOLOGY AND THE PROFESSIONS 

these "unnatural" chemicals are causing an 
equally mythical "epidemic" increase in can­
cer. Unfortunately, the genesis of all three of 
these ideas can be traced directly to Silent 
Spring. 

Silent Spring is a great book, and for the most 
part has stood the test of time. No one would 
argue that it was not enormously successful in 
alerting the public to the dangers of pesticide 
use and to some of the worst abuses that were 
then prevalent. It is hard to believe, for exam­
ple, that whole towns were once sprayed with 
highly toxic chemicals in an effort to wipe out a 
single pest species lurking somewhere among 
the leaves. It also brought to public attention 
the persistence of some pesticides, and their 
magnification through the food chain. For this 
we owe Rachel Carson an enormous debt. 

But Silent Spring is also a terrible book, and 
the future excesses of environmentalism appear 
in embryonic form on every page. In discussing 
what she calls the system of "deliberately poi­
soning our food" with pesticides, Carson says: 

Uut if, as is now the presumable goal, it is possible 
to use chemicals in such a way that they leave a res­
idue of only 7 parts per million (the tolerance of 
DDT), or I part per million (the tolerance for para­
thion), or even of only 0.1 part per million as is 
required for dieldrin on a great variety of fruits and 
vegetables, then why is it not possible, with only a 
little more care, to prevent the occurrences of any 
residues at all? 

The constant insistence on ''zero pollution lev­
els" has proved to be the most costly and un­
enforceable aspect in much environmental 
legislation. More important, however, is the 
argument that DDT and other pesticides were 
causing what Carson called "an alarming in­
crease in malignant disease" (cancer), the proof 
of which is entirely contained in the following 
sentence: "The monthly report of the Office of 
Vital Statistics for July, 1959, states that malig­
nant growths, including those of the lymphatic 
and blood-forming tissues, accounted for 15 
percent of the deaths in I 958 compared with 
only 4 percent in 1900." A high school student 
would probably blush at the distortion. In 1900, 
the average American lived to be forty-five and 
had a good chance of dying of influenza. In 
1962, the same citizen could expect to live to 
seventy and was therefore six times more likely 
to contract cancer, which is predominantly a 
disease of old age. The only reason the per­
centage of cancer deaths has increased is be-

cause industrial civilization has allowed people 
to live longer, and bacterial diseases have es­
sentially been eliminated. 

The myth of the pest-free past was not ex­
plicit in Rachel Carson's book, but was implied 
by her failure even to mention the problems of 
controlling insects in agriculture. This omission 
caused one writer, environmentalist LaMont 
Cole, in reviewing the book for Scientific Amer­
ican, to remark: ''She does not convey an ap­
preciation of the really great difficulties of the 
problem [of insect control]. ... But what I 
interpret as bias and oversimplification may be 
just what it takes to write a best-seller." Rather 
than heeding such warnings, however, the en­
vironmental movement has woven an elaborate 
vision of a mythical, pest-free past against 
which the problems of current pest-control 
methods can be contrasted. This fallacy was 
recently reiterated in the Washington Post's 

front-page Sunday editorial section, in an arti­
cle entitled "The Pesticide Plague" (March 5, 
1978): 

Before synthetic pesticides hit the market in 1946, 
corn belt farmers didn't have many insect problems. 
They grew a rich diversity of crops, rotating them 
from one field to the next. That way the pests at­
tracted to any single crop could not sweep the farm 
like a plague. But with the birth of the Green Revolu· 
tion, small, diverse farms were wiped out and mas­
sive rnonocultures, vast tracts of a single crop planted 
year after year, spread across the corn belt. ... What 
have [the farmers] got to show for it? Since pesti­
cides came to the farms, pest damage to corn has 
not decreased. The latest USDA estimates indicate 
corn losses from pests have in fact more than tri­
pled ... ; [meanwhile] the major pesticide produc­
ers-petrochemical giants such as Dow, du Pont, 
Monsanto, American Cyanamid, Standard Oil of 
California (Chevron), Shell-just celebrated a record 
year, with $3 billion in sales. 

In nineteenth-century America, insect problems 
were so much a part of life that whole towns 
were sometimes asked to pray for deliverance. 
Even the pests themselves have not changed to 
any great degree. Despite the ''rich diversity 
of crops," the Colorado potato beetle easily 
spread across the Midwest in the 1860s and 
eventually made it to Europe, where it became 
a major pest. After the first gypsy moths es­
caped from a silkworm experiment in Boston in 
1869, the streets of New England were so in­
fested that caterpillars were crawling up the 
sides of houses and into people's beds. The 
standard method of protecting crops was to 
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spray them with lead arsenate, a practice that 
produced its own Silent Spring, a book called 
100,000,000 Guinea Pigs, which caused a sen­
sation in the 1930s. The introduction of less 

'toxic DDT in 1946 was regarded as a major 
advance at the time. 

Of course, there is some tmth to the state­
ment that "monocultures" of corn have re­
placed the old diversity, although growing a 
rich variety of crops in the old days often meant 
simply having a rich variety of pests. But what 
farmers in the corn belt also have to show for 
their efforts, despite the misleading "increase" 
in pest damage, is contained in the following 
graph: 

U.S. corn (maize) production by decades 
(average yield bushel/acre) 
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According to the USDA figures, there was 
never any increase in corn productivity in the 
United States until synthetic pesticides, chemi­
cal fertilizers, and new hybrid varieties were 
introduced after 1945 (pesticides probably 
account for only 20 percent of the increase, 
but have ensured the success of other improve­
ments). To produce the same amount of corn 
under the old methods would mean that an ad­
ditional area equivalent to Colorado and Wyo­
ming would have to be planted. Nor have farm­
ers and chemical manufacturers been the 
only beneficiaries. As John Stuart Mill said: 
"When commerce is spoken of as a source 
of national wealth, the imagination fixes itself 
upon the large fortunes acquired by merchants, 
rather than upon the savings of price to con-
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sumers.'' Most of the corn is used to raise beef 
cattle, and as a result Americans now consume 
twice as much beef as they did in 1940, even 
though they spend a one-third smaller portion 
of their income on food. 

That which the palmerworm hath left hath the lo­
cust eaten; and that which the locust hath left hath the 
cankerworm eatern; and that which the cankerwonn 
hath left hath the caterpillar eaten. 

The Book of Joel 

The second and more difficult problem of 
environmentalism is the widely held belief it 
has fostered that there is an important distinc­
tion between "natural" and "man-made" 
chemicals, and that it is the "synthetic" chem­
icals manufactured by industrial society that 
are the cause of all our problems. Rachel Car­
son played heavily on this distinction in Sile/If 
Spring. An infinite number of potential chemi­
cals can be made through nature's system of 
stringing long carbon chains together in various 
forms to form the "organic hydrocarbons." 
Only a fraction of the potential number are 
actually synthesized in nature, but then objects 
such as shovels, axes, plows, and most of the 
other implements of our daily lives do not oc­
cur in nature either. There is nothing inherently 
"evil" (Rachel Carson's word) about changing 
nature by synthesizing new chemicals, and the 
distinction that "natural" chemicals arc 
"good" and synthetics are "dangerous" is 
completely meaningless. There are hundreds of 
highly dangerous "natural" chemicals, just as 
there are thousands of perfectly harmless "syn­
thetics." Yet environmentalism has managed 
to establish the doctrine that everything in na­
ture is "good," while things that are made in 
the laboratory hold the potential for destruc­
tion. 

The key sentence that expresses this in Sile/If 
Sprillg reads as follows: 

The chemicals to which life is asked to make its 
adjustment are no longer merely the calcium and 
silica and copper and all the rest of the minerals 
washed out of the rocks and carried in rivers to the 
sea; they are the synthetic creations of man's in­
ventive mind, brewed in his laboratories, and having 
no counterparts in nature. 

This statement is so filled with absurdities and 
errors that it is hard to know where to begin. In 
the first place, calcium, copper, and other min­
erals form only the tiniest fraction of the diet 
of living organisms. Except for certain one-
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celled creatures, all living things derive all their 
energy and most of their substance by taking 
apart large organic molecules (plants make their 
own carbohydrates using the sun's energy, and 
then break them down themselves, process 
called "autotrophism," or self-nourishment). 
The point that Carson was probably trying to 
make was that plants and animals never had to 
deal with special kinds of organic molecules 
like the ''chlorinated hydrocarbons,'' but if so, 
she was completely wrong. 

Practically every schoolchild knows the story 
of Dr. Alexander Fleming, the British scientist 
who in 1928 accidentally dropped some cheese 
in a bacterial culture and later noticed that a few 
small, sterilized zones had been created. A 
variety of Penicillium mold was growing on the 
cheese, and Fleming discovered that the mold 
excreted small amounts of a substance that 
killed bacteria. It was soon realized that a wide 
variety of soil fungi and other organisms pro­
duce antibacterial molds that they use in com­
peting for space with other organisms. Penicil­
lin was the result, and since that time our major 
effort against bacterial diseases has been a pro­
cess of imitating these soil organisms. What is 
not generally known, however, is that many of 
the chemicals in these antibacterial molds arc 
chlorinated hydrocarbons. One of the biggest 
producers of chlorinated hydrocarbons are the 
long ''ray fungi'' (actually bacteria) that illus­
trate one of the opening chapters of Silent 
Spring, and that Carson describes as "growing 
in long threadlike filaments" at a rate of more 
than I ,000 pounds per acre! None of these 
organisms actually make DDT or other com­
mon pesticides, but they do use chemicals that 
arc remarkably similar. One Pcnicillium fungus 
excretes a chemical that is only one molecule 
different from a commonly used fungicide 
"Dowcidc 2S," manufactured by Dow Chem­
ical. In fact, it seems quite possible that the 
presence of these large amounts of chlorinated 
hydrocarbons in nature may offer an explana­
tion for the enormously large quantities of 
"pesticide residues" that environmentalists 
have always been able to find. (In 1970, Frank 
Graham, Jr., reported without irony in Silent 
Spring that "the amount of DDT in Swedish 
soils exceeds the total quantities ever used in 
that country.'') To be sure, scientists who de­
veloped the pesticides and herbicides from 
chlorinated hydrocarbons may not have been 
aware that they were copying nature so closely, 
but there was a brilliant kind of inductiveness 
in that we arrived at the same kinds of chem-

icals that are used for almost the same purposes 
in nature. 

In one of the most beautiful passages in Silent 
Spring, Rachel Carson writes: "Most of us 
walk unseeing through the world, unaware alike 
of its beauties, its wonders, and the strange and 
sometimes terrible intensity of the lives that are 
being lived about us." She was talking of the 
insects and their ever-present predators. But 
what Carson was only peripherally aware of, 
and what has emerged clearly only in the past 
decade of research, is that plants themselves are 
also intensely involved in this struggle for exis­
tence, and that their form of "warfare" is large­
ly che,nical warfare. Simple organisms like 
fungi and bacteria excrete substances that kill 
competing organisms in their immediate en­
vironment. More complex plants often do the 
same thing. Certain cacti give off herbicidal 
chemicals that make it impossible for other 
plants to germinate in their immediate vicinity. 
In addition, plants are constantly growing 
thorns, needles, and tough coatings, and syn­
thesizing chemicals to make themselves bitter, 
inedible, and even poisonous to animals and 
insects. In a way it seems foolish for us never 
to have realized it before, but except in in­
stances where the consumption of fruits and 
nectars leads to seed generation, plants do not 
like to be eaten. There is no evolutionary ad­
vantage for a plant in being eaten, just as there 
would be no evolutionary advantage for a hu­
man being in becoming dinner for a lion. Plants 
have evolved a vast array of chemicals, from 
chlorinated hydrocarbons to juvenile-hormone 
mimics, in trying to protect themselves from 
becoming dinner for other organisms. The 
simple proof of the matter is that almost every­
thing we eat-wheat, barley, oats, potatoes, 
corn, carrots, peas, beans, bananas, oranges, 
lettuce, tomatoes, the list is endless-is a hu­
man invention that does not exist in nature. 
They are completely ''unnatural'' organisms 
that we have invented for our own purposes 
through a process of chemical and genetic ma­
nipulation that is in no way different from syn­
thesizing a new organic compound in the labo� 
ratory. There is no fundamental difference 
between changing a few atoms in an organic 
compound and calling it a ''pesticide,'' and 
manipulating a few genes on a couple of wild 
plants and calling the result a ''carrot.'' The 
brilliant realization of the past decade of re­
search in insect control has been that plants, 
too, are involved in the process of synthesizing 
chemicals to protect themselves from insect 
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attack, and that the most fruitful path of re­
search may lie in following the trail they have 
blazed over the last few hundred million years. 

Of all the chemicals in the whole history of the 
world that have done the most good for humanity, 
in terms of limiting disease, in terms of providing 
food, in terms of relieving suffering, the one that 
has done the most good would have to be DDT. 

Dr. William Bowers 

The long fight for a complete ban on 
DDT, and the excesses that were practiced in 
its pursuit, are what is now haunting the en­
vironmental movement in its attempt to replace 
the chlorinated hydrocarbons and other toxic 
chemicals with ''biological'' chemicals. The 
problem is that there is no basic distinction 
between the two. 

There is no question that there were enor­
mous abuses of DDT and other pesticide chemi­
cals when Rachel Carson wrote Silent Spring in 
1962. Pesticides were being used with a "shot­
gun'' approach that was having a tremendous 
impact on wildlife. Carson was on firm ground 
in voicing these concerns, in part because the 
same worries had been expressed by scientists 
for more than fifteen years. Writing a prophetic 
essay entitled ''DDT and the Balance of Na­
ture," published in Atlantic magazine in 1945, 
the same Dr. Wigglesworth who had already 
identified the juvenile-hormone gland in 1934 
wrote: 

DDT is like a blunderbuss, discharging shot in a 
manner so haphazard that friend and foe alike are 
killed .... Without careful study it is impossible to 
guess what the ultimate results of this process may 
be. . . . Some fish . . . are reported to have 
been killed when they fed on poisoned insects .... 
DDT sprayed on peach trees with the object of killing 
the caterpillars of the Oriental fruit moth is even 
more effective in killing the parasite that is control­
ling this pest .... It is obvious enough that DDT is a 
two-edged sword .... Chemicals which upset the 
balance of nature have been known before. DDT is 
merely the latest and one of the most violent .... We 
need to know far more about [the insects'] ecology­
that is, about their natural history studied scientifi­
cally. When the ecology of an insect pest is fully 
known, it is often possible to modify the conditions 
in such a way that its world no longer suits it. ... But 
when all these so-called cultural or naturalistic meth­
ods of control have been developed, there remains a 
large residue of pests for which insecticides must 
be used. 

Although she essentially ignored the warning 
in the last sentence, Rachel Carson added two 
more concerns to this list-the unforeseen de-
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velopment that long-lasting pesticide residues 
would be "magnified" through the food chain, 
building up in predators and higher organisms, 
and the concern that insects eventually would 
develop resistance to pesticides and that ever­
increasing doses would have to be used. 

This was all well and good, but neither Car­
son nor the environmentalists were ever willing 
to admit that it was precisely DDT's long per­
sistence that had in many ways made it a supe­
rior pesticide, and that any pesticide would 
eventually face the same problem of growing 
insect resistance. The pyrethrins are a classic 
example. Derived from the chrysanthemum 
flower, the pyrethrins are a group of natural 
chemicals whose origins were once held a se­
cret by the Persians until they were ferreted 
out by the English, who started growing large 
quantities of chrysanthemums in Kenya in the 
1880s. Natural pyrethrins presented two prob­
lems, however-the laborious method of pro­
duction could not supply the world market, 
and the pyrethrins themselves broke down 
quickly in sunlight. In the 1950s the problems 
were finally transferred to the laboratories, 
where scientists soon synthesized the molecule. 
In 1962, Rachel Carson could write: 

The ultimate answer [to highly toxic pesticides] is 
to use less toxic chemicals so that the public hazard 
from their misuse is greatly reduced. Such chemicals 
already exist: the pyrethrins, rotenonc, ryania, and 
others derived from plant substances. Synthetic sub­
stitutes for the pyrethrins have recently been de­
veloped so that an otherwise critical shortage can be 
averted. 

But the problem was that, although they were 
not very toxic to mammals, the pyrethrins were 
still fairly dangerous to fish. In addition, there 
wa� still no adequate solution to the chemi­
cals' short life. A variety of carriers were tried, 
but finally it became simpler to change the 
molecule to create a chemical that would last 
long enough to be effective. Now the pyrethrins 
were a useful insecticide-but suddenly they 
were an environmental problem as well. Because 
of their new persistence, they posed a danger to 
fish. In addition, now that they were being used 
more widely, insects were beginning to develop 
more resistance. Thus, when the USDA began 
introducing the synthetic pyrethrins into cotton 
farms in recent years, the Environmental De­
fense Fund told the EPA it was opposed to their 
use, even though these synthetic che,nicals had 
been 5JJecijica!ly approved by Rachel Carson in 
''Silent Spring.'' What Carson failed to realize, 
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and what the environmental movement has 
since ignored, is that insects are eventually 
going to build up resistance to any chemical, 
natural or unnatural, just as bacterial diseases 
have eventually evolved strains that are resis­
tant to antibiotics. There is already evidence 
that insects are going to be able to develop resis­
tance to juvenile growth hormones, phero­
mones, and other "bio-rational" controls as 
well. In short, the battle with the insects is 
never going to be over, just as the battle against 
bacterial infection will never really be over. 

Rachel Carson's speculation that residues of 
DDT in human and animal tissues were caus­
ing cancer has mushroomed into a widespread 
public certainty that it is the products of indus­
trial society that arc causing an "epidemic" in­
crease in cancer. . . . [ the accompanying] 
graphs of cancer mortality for an age-adjusted 

population in the United States indicate that 
there is no "epidemic" increase in cancer in 
this country. The only instance of a clear in­
crease in cancer rates is lung cancer among 
men. Ironically, this is the only instance where 
people are known to have a personal choice in 
avoiding the carcinogenic material (the National 
Cancer Institute estimates that 80 percent of 
lung cancer incidents are the result of smoking). 
Among the twenty-four leading industrial na­
tions, the United States is sixteenth in cancer 
mortalities for an age-adjusted population. 

What is perhaps most notable in the graph is 
the steady decrease in the rate of stomach can­
cer over the past forty years. Stomach cancer 
is rife in underdeveloped countries in Asia 
and Africa, and the suspected carcinogen is a 
completely natural substance called "afla­
toxin," the excretion of a mold that grows in 
stored peanuts and grains. Cancers of the di­
gestive system occur in underdeveloped coun­
tries at rates up to 200 times their incidence in 
the United States because of aflatoxins, which 
are among the most potent carcinogens known. 
The rate of liver cancer from simply eating in 
East Africa is double the rate of liver cancer 
found among 25,000 industrial workers ex­
posed to one of the most famous industrial 
carcinogens, vinyl chloride. Moreover, the 
aflatoxin mold is known to establish itself best 
in peanuts and grains that have been damaged 
by insects! The highest quantity of aflatoxin 
ever found in the U.S. by the Food and Drug 
Administration was in a jar of' 'natural'' peanut 
butter. It would be entirely possible to argue 
that, rather than causing an increase in cancer, 
pesticides and fungicides have been partly re­
sponsible for the notable decrease in cancers of 
the digestive system in industrialized countries. 

Most of the notions on which Rachel Carson 
based her claim that DDT might be causing 
cancer were highly speculative at the time, and 
are now a part of medical history. She sug­
gested that DDT acted on all cells by affecting 
their ability to use oxygen, causing them to 
mutate back to a more primitive process of 
"fermentation" in order to break down carbo­
hydrates. The assumption was that this process 
would affect the nerve cells of insects, causing 
nerve dysfunctioning, but would produce can­
cer in the other human and animal cells as well. 
This was based on another speculation of the 
time, that cancer cells were also formed by 
mutations back to this same primitive fennen­
tation process. All these theories have since 
been abandoned. 
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It was generally accepted at the time, and has 
since been proved, that DDT acts as a "nerve 
poison'' by fitting into certain highly special­
ized receptacles at the end of all nerve cells. 
Insects are extremely vulnerable since they 
have no fat tissues in which to store DDT. Hu­
mans and other vertebrate animals avoid the 
nerve poisoning by storing DDT in fat cells, 
but they do not go on building up stored quan­
tities indefinitely. Numerous tests have shown 
that a peak level is reached, and all new ma­
terial is immediately excreted, so there is no 
danger of "slow poisoning" from DDT. In a 
single dose, DDT has about the same toxicity 
as aspirin. On the other hand, parathion, which 
replaced DDT in many uses, is so highly toxic 
that a single drop in the eye can kill a person. 
It is interesting to note that although Rachel 
Carson said as many bad things about parathion 
as DDT in Silent Spring, the environmental 
movement chose to concentrate its efforts 
against DDT because of the "slow poisoning" 
concerns. The result has been that, while the 
hysteria has been relieved in suburban living 
rooms, hundreds and hundreds of farm workers 
and farm children have been poisoned because 
of the increased use of parathion, and about 
twenty-five people die each year. 

A PHILOSOPHICAL GAME 

While Silent Spring' s theory for the action of 
DDT has not held up, neither has its model for 
the development of cancer. The assumption 
widely held in 1962, and since increased in 
stature, is that both a disruption of the genetic 
material and the intrusion of a cancer virus 
are involved in the beginning of a cancer "in­
cident.'' The genetic material temporarily can 
be disrupted by a "carcinogenic" substance 
(which is probably the same thing as a "muta­
genic" substance), and before the genes can be 
repaired, a vims (which is really nothing more 
than a set of "naked genes") become perma­
nently linked into the long genetic molecule. 
One current theory, widely accepted, is that 
such cancerous "incidents" occur in the body 
every day, but most are destroyed by the body's 
immune system. Once in a great while, how­
ever, an invaded cell escapes detection and is 
able to survive, eventually multiplying into a 
cancerous growth. The participation of the im­
mune system suggests that the body's general 
health can play a large part in preventing can­
cer, and there are many studies linking general 
malnutrition with the very high rates of cancer 
among some South African Bushmen and other 
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Third World peoples. This suggests that one 
way to reduce cancer might be to feed people 
better, but this is an avenue environmentalism 
has chosen not to take. 

Because of the mutation/virus-intrusion as­
sumption, the hunt for industrial carcinogens 
has settled upon substances that cause muta­
tions among laboratory organisms. The most 
recently developed method is the '' Ames test,'' 
invented by Berkeley biologist Bruce Ames, 
which uses a highly specialized strain of bac­
teria that is very susceptible to mutations to 
measure mutagcnic effect. DDT and other 
chlorinated hydrocarbons have been subjected 
to the Ames test, and the results show that they 
do not cause mutations. The only exception 
is toxaphene, which-ironically-is the only 
chlorinated hydrocarbon pesticide still in use. 
(Interestingly enough, Ames, who is a staunch 
environmentalist, disputes the results of his 
own test and says DDT is 4 4 0ne of the IO per­
cent of all carcinogens that our test doesn't 
catch," although it is hard to know how he 
has decided this. There is one other study, per­
formed at the Epley Institute in Omaha, that 
showed that DDT causes a slight increase in 
liver tumors in mice, although not in rats or 
hamsters. The results of that test are still dis­
puted, because the tumors disappear when DDT 
dosages are stopped, but Dr. David Clayton, 
who performed the test, says he is satisfied 
DDT is a "mild carcinogen.") 

In addition, there is one more indication, 
known for many years, that DDT was not caus­
ing any noticeable increase in cancer. This is 
simply that, among the thousands and thou­
sands of factory hands, pesticide sprayers, farm 
workers, and people in malaria-prone under­
developed countries who have been heavily 
exposed over the course of thirty-five years, 
there has never been any indication of an in­
crease in cancer, even among workers who 
suffered accidental exposure great enough to 
put them in the hospital. In the 1950s, volun­
teers ate large quantities of DDT in a series of 
tests and never suffered any adverse effects. 

Most of these facts were known during the 
late l 960s when environmentalists were deter­
mined to show that DDT was a public health 
menace. To solve their problem, environmen­
talists invented a kind of philosophical game 
which stated that, although there was no evi­
dence to show that DDT did cause cancer, it 
was philosophically ilnpossible for anyone to 
show that it couldn't cause cancer. In part, this 
argument relied on the fact that many cancers 
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take from thirty to forty years to show up after 
exposure to carcinogenic substances. But even 
where the evidence was weakest, the environ­
mentalists maintained that their position was 
unassailable. William Butler, chief counsel for 
the Environmental Defense Fund, which led 
the attack on DDT between 1966 and 1972, 
repeats the argument today: "You can't prove 
a negative," he said when I called him in April. 
"You can't say something doesn't exist be­
cause there's always a chance that it does exist 
but nobody has seen it. Therefore you can't 
say something doesn't cause cancer because 
there's always the chance that it does cause 
cancer but it hasn't showed up yet. You can't 
prove a negative statement." Does that mean 
you can't prove that dragons don't exist? I 
asked him. "That's right, you can't say drag­
ons don't exist." 

Butler is absolutely right, of course, in strict 
logical terms. The problem is that the same 
argument applies to any other synthetic chemi­
cal that is introduced into the environment, 
including the "biological controls." Like 
DDT, the blunderbuss of environmental regula­
tion has turned out to be a killer of freind and 
foe alike. But environmentalism has by no 
means learned its lesson from the experience. 
In fact, it is already looking around for new 
worlds to conquer. Armed with the assurance 
that only industrial chemicals are causing can­
cer, the environmental movement and the fed­
eral government are now preparing to do for 
the rest of American industry what they have 
already done for pesticides by trying to remove 
all carcinogens from the environment. Speak­
ing like a Puritan schoolmaster calling the class 
to order, Gus Speth, member of the President's 
Council on Environmental Quality, recently 
announced on the New York Times op-ed page: 
• 'The recent controversy on the proposed Food
and Drug Administration ban on saccharin
treated us to a dangerous amount of hilarity
about the high dosage levels used in animal
tests, and demonstrated the prevalence of mis­
understanding in this area." The truth is, he
announced, that I) there is "no safe level"
of a carcinogen, and 2) laboratory-animals tests
are a sure indication of whether a substance
causes cancer in humans. "With one or pos­
sibly two exceptions, every chemical known to
cause cancer in humans also causes it in ani­
mals," he concluded. The question, of course,
is whether it works the other way around.

The National Academy of Sciences has made 

an effort to bring some rationality to the notion 
that we will be able to purge our world of every 
last trace of carcinogenic material. In 1973, it 
published a book entitled Toxicants Occurring 
Naturally in Foods, which noted that trace 
amounts of cancer-inducing chemicals occur 
naturally in many foods. Another survey of the 
literature by Dr. Russell S. Adams, Jr., of 
Penn State University, found that such common 
foods as rutabagas, tea, cabbage, turnips, peas, 
strawberries, and milk all contain traces of 
chemicals that either cause cancer or are closely 
related to chemicals known to cause cancer. 
Dr. Julius M. Coon, one of the authors of Toxi­
cants Occurring Natura!/y in Foods, and retired 
chairman of the Department of Pharmacology 
at Thomas Jefferson University, Philadelphia, 
had this to say about the "no safe dose of car­
cinogens" doctrine when I called him in April: 

"When people say there is no safe dose of a 
carcinogen, what they are saying is that we 
can't find a safe level so we have to assume that 
there is no safe level. But the statement that 
there is no safe dose of a carcinogen is not a 
valid scientific statement in any sense of the 
word. We are constantly surrounded by chem­
icals that may cause cancer, most of them per­
fectly natural. I think it's reaching for the stars 
to say we're going to eliminate all carcinogens 
from our environment. I think the inflation 
we've seen so far will be a drop in the bucket 
compared with what we'd see if they try to 
enforce this new law [the 1976 Toxic Sub­
stances Control Act]. We may not have enough 
well-trained toxicologists to perform the tests.'' 

Yet there seems to be no limit to what the 
federal government is willing to do to indulge 
the fanatical concerns about what we eat, drink, 
and breathe. Not to be outdone by the EPA, 
the Food and Drug Administration has started 
enforcing new regulations that apply the same 
elaborate toxicological standards to all new 
hybrid varieties of crops that are developed 
in the genetic laboratories. The FDA is no 
less aware that these human inventions are 
"synthetics" and that they offer the same dire 
possibilities that we may at last be poisoning 
ourselves. This means that the entire centuries­
old effort of improving breeds for greater yields 
and better disease resistance could easily drown 
in the same sea of red tape that has already 
suffocated the pesticide industry. The National 
Academy of Sciences' I 97 5 report on pest 
controls voiced considerable alarm about the 
FDA effort. Yet, fueled by the fanatical con­
cerns about pesticide residues and other toxi-
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cant traces, the FDA is moving ahead, and even 
now the results seem predictable. The hubris 
of the people who tell us we can wipe the last 
traces of toxic and carcinogenic materials from 
our environment is the same hubris of the peo­
ple who once told us we were going to be able 
to rid the world of insects by spraying ever­
increasing amounts of DDT. 

Nature herself has met many of the problems that 
now beset us, and she has usually solved them in 
her own successful way. Where man has been in­
telligent enough to observe and to emulate Nature 
he, too, is often rewarded with success. 

Rachel Carson, Silent Sprin!i 

The more I examine the environmental 
movement, the more it seems like a kind of sec­
ular religion, with a decidedly Puritan strain. 
Like all religious movements, it draws its 
strength from what we don't know. It tries to 
hide in the cracks of our understanding, in­
stilling us with the fear of what we haven't yet 
been able to learn from nature. Public anxiety 
about scientific experimentation is nothing new. 
Louis Pasteur's neighbors in Paris besieged the 
authorities to put an end to his work. Prac­
tically every major medical advance, from 
autopsies and dissections to vaccination and 
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surgery, has met with suspicion-and some­
times violent opposition-from a large portion 
of the population. Such misgivings have always 
existed, and are not always ill-founded. But it 
is only when some deeply conservative organi­
zation such as the Church or environmentalism 
has orchestrated such fears that these anxieties 
become institutionalized and all scientific ad­
vance comes under suspicion. Only then do 
ordinary human fears about newness and inven­
tion start to play a decisive role in history. 

I am not foolish enough to think that there 
will not be a solution to the problem of biolog­
ical insect controls. The newspapers will dis­
cover the situation and soon a new "crisis" 
will be upon us. But what keeps nagging in the 
back of my mind in this great Age of Environ­
mentalism is what we are going to look like 
a few years from now. Somehow it seems we 
are going to appear as a generation that was so 
obsessed with misgivings, so afraid of what we 
didn't-and couldn't-know, so anxious to 
point hysterical accusing fingers at one another, 
that we neglected to pick up and use the simple 
tools we had at hand. I have no doubt that some­
one will eventually use these tools. I only won­
der if we will ever calm down enough to do it 
ourselves. 

Ergot: the taming of a medieval pestilence 
LEO VINING 
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l'll/1.l'e of 111any ill11e.1·ses and death. /11 co111e l'l/Ses of er!iol poisoning · 'the victims bumed with 'holy fire' and the 

extremities mrophied." In other rn.l'l'.I' the victims ''bern111e dememed and vio!e111.'' Since the tme reason for such 
illness was 1111k11mv11, it wa.\' considered a p1111ishme111 ji'om heaven. 

Slowly, over the years, the benefits o
f 

er!iol ad111i11i.1·1e1'('(/ in small doses wffe di.1·covered. Thal <'l'/iOI is a fi111/i11.1· 

was established in 1853. Nevertheless, 1111der.1·1muli11g of the medicinal pmvers of er/iOI re111ai11ed highly Ji-agme111ary. 
Today er/iOI is used to treat a wide range o

f 

co11ditio11s, i11c/11di11g 111igrni11e, and the ''holy fires'' of the Middle 

Age.1· have bee11 plll 0111 once and JiJr all. 

In the year 857 A. D., according to German 
chroniclers of that period, the population 
around Duisberg was ravaged by ''a great 

□ From Tech110/01i)' Review, 81, No. 3(1979), 65-74.
Techno/,Jgy Review is e<lite<l at the Massachusetts Institute
of Technology. Copyright by the Alumni Association of
M.1.T.

plague of swollen blisters that consumed the 
people by a loathsome rot so that their limbs 
were loosened and fell off before death." The 
circumstances and description of this tragedy 
indicate that it was not another of the bacterial 
epidemics that we associate with the great 
plagues of the Dark and Middle Ages, but was, 
in fact, due to mass food poisoning. The cul-
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prit was ergot, a common but unrecognized 
contaminant in the food grains of those times. 

A DESCRIPTION OF ERGOT 

Ergot is a fungus. While we have no difficul­
ty in recognizing food spoilage by the ubiqui­
tc)Us molds, which are also fungi, the spoilage 
caused by ergot is more subtly introduced and, 
through a combination of circumstances, re­
mained undetected for centuries. 

The ergot fungus in its natural habitat is a 
plant parasite. It grows on and is nourished 
by a living host, in contrast to the usual refrig­
erator molds which grow mostly as sapro­
phytes, on dead tissue. Unlike the molds, ergot 
undergoes several changes in form and ap­
pearance during its annual life cycle. It grows 
in the seed-heads of grasses, including those 
that man has developed and cultivated for food 
grains, and replaces a normal seed. At the 
growth stage coinciding with harvest time for 
cereal crops, it masquerades as the grain it has 
replaced. This is the most commonly recog­
nized form of ergot; it is also the form which 
contains a group of very potent chemical sub­
stances, called ergot alkaloids, which cause 
profound physiological effects if eaten. Without 
realizing it the farmers of earlier times were 
harvesting a mixture of grain and ergot with 
lethal properties. 

Those who ate the bread baked from ergot­
contaminated flour fell victim to any one of 
ergot poisoning's many forms. The most wide­
spread symptom was a feeling of cold fire in 
the limbs-rather like the pins and needles 
sensation one experiences when circulation has 
been restricted. We know now that the ergot 
toxins constrict the blood vessels in the body 
to cause this effect. The sensation is agonizing 
and reduced circulation over prolonged periods 
also has the more severe effects of causing 
the affected limbs and tissue to atrophy. The 
contractive action of the toxins on smooth mus­
cle can cause epileptic convulsions and, in 
addition, ergot has an hallucinogenic effect, 
inducing mental distortions and dementia. All 
of these symptoms develop when small quan­
tities of bread containing ergot are eaten over 
an extended period. Eating large amounts is 
rapidly fatal, with any one of the symptoms 
dramatically prominent. 

ERGOT: THE WRATH OF GOD 

Ergot poisoning was rampant in Europe 
throughout the Middle Ages and did not dis-

appear until comparatively recent times. Like 
the great bacterial plagues its real cause was not 
recognized, but the remarkable symptoms of 
ergot intoxication soon acquired for it a plausi-
ble explanation. 

The French archivist Frodoard noted that. in 
an outbreak around Paris in 945 A.D, some 
of the afflicted, who were cared for in Saint 
Mary's Church and fed wholesome rations 
provided by a benevolent Count Hugo, re­
covered. Those who returned home often found 
the fire in their bodies rekindled, and were 
taken again to the chapel to be healed by peni­
tence and prayer. In the religious climate of 
the times the "fire" was attributed to divine 
punishment for sinful living, and the recovery 
to divine forgiveness. If anyone suspected a 
connection between recovery and the quality 
of Count Hugo's flour, Frodoard made no note 
of it. 

In the period between 800 and 1500 
A.D,, historical records describe hundreds of
"plagues" in which the symptoms match those
of ergot poisoning-usually either the gangre­
nous form where the victims burned with
"holy fire" and the extremities atrophied, or
the convulsive kind where the victims became
demented and violent. There are frequent ref­
erences to single epidemics in which 40,000 to
50,000 people died during a year of suffering.
The cumulative death toll is staggering: mil­
lions of people perished or survived as crip­
ples, and entire regions were decimated. Coin­
cidental events took on significance and the
holy fire disease came to be known by many
names.

Around Aquitaine in France an epidemic 
raged for months until the abbe had the bones 
of Saint Martial dug up and displayed to the 
sufferers. The pestilence ceased soon after­
wards, probably because it was harvest time 
and the new grain was free of ergot, but in that 
region "ignis plaga" became "ignis Sancti 
Martialis." In another area where "holy fire" 
symptoms in the nose, mouth, and hands were 
especially prominent it was called ''ignis ju­
dicial is" -a judgment on the debauchery of the 
inhabitants. The most common name, however, 
was "ignis Sancti Antonius" -Saint Anthony's 
fire. In 1090 the son of a rich nobleman in the 
Dauphinee region of France was afflicted. 
Kneeling before the bones of Saint Anthony, 
the father pledged his riches to help victims 
of the holy fire if his son were spared. When 
the son recovered the nobleman kept his prom-
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ise by founding a series of hospitals through­
out the country and Saint Anthony became 
the patron saint of all ''fires,'' epilepsies and 
eczemas. 

Since food selection has been an important 
element of survival-only those of us whose 
ancestors were good at recognizing the poison­
ous from the non-poisonous arc here today­
ergot was clearly an insidious and deceptive 
toxin. In a large measure the deception was 
grounded in the religious beliefs of the early 
Middle Ages which provided such satisfying 
explanations for the symptoms of ergot poi­
soning. Ergot was widely known to midwives 
and physicians for its potent and toxic drug 
action. Historians frequently recounted the suf­
ferings of afflicted people in areas where the 
crops had been bad and the bread of poor qual­
ity. And men of science had been interested 
in ergot as a disease of grain crops for many 
years. Yet none of those most familiar with 
ergot saw the connection between severe ergot 
infestations and subsequent outbreaks of the 
fire plague. It was left to an observant Paris 
lawyer, M. Dodart, whose work took him for 
several years on visits to the low-lying Sologne 
district of France where rye was the main cereal 
crop, to link the prevalence of Saint Anthony's 
fire with the high ergot content in grain ground 
by the millers. 

THE CATCH IN THE RYE 

Rye is a hardy plant. It was not used as a 
grain by the ancients but was introduced after 
Roman times into Europe where it thrived on 
the poorer and damp land unsuitable for wheat. 
Because of its affinity for infertile land, rye 
tended to be the grain of the poorer peasants. 
Reluctant to discard any part of their harvest, 
even the dark and distorted Hseeds" of ergot 
which flourished in wet seasons, they would 
often harvest a large amount of ergot with their 
crop. Although they might set aside the most 
obviously contaminated grain, often by late 
winter even this would be used. Thus the se­
verity of the fire plagues often increased 
thoughout the spring and summer. Interest­
ingly, too, the monks who nursed the plague 
victims seeking atonement at the shrines of 
benevolent saints usually farmed the better 
lands on which wheat could be grown. Wheat 
is less prone to parasitism by the ergot fungus 
and the monks could better afford to clean 
their grain. The bread they provided for the 
pilgrims was of good quality and the plague 
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victims found physiological as well as psycho­
logical relief from their suffering. Meanwhile, 
their confidence in divine intercession pros­
pered. 

Ergot poisoning may also have been mis­
taken for supernatural intervention on this con­
tinent in the early 17th century and triggered 
the Salem witch hunt. There is some evidence 
that the young girls who were believed to have 
been possessed by the devil may have been 
eating ergot-contaminated rye bread. Their 
initial behavior coincided in some respects with 
that of fire plague victims. 

When Dodart reported his deductions about 
the cause of Saint Anthony's fire to the French 
Academy in 1676, he proposed that the govern­
ment introduce laws requiring that all rye grains 
be sieved to remove ergot before being mil1ed 
into flour. Strict controls were soon adopted 
in France, but outbreaks of ergot poisoning 
did not cease immediately. Peasants refused to 
believe that God would poison their crops and 
distrusted laws enacted by the authorities. In 
Russia there were severe epidemics even to 
the 20th century. During the winter of 1926-
1927 11,000 people were stricken and 93 died. 
In France, bureaucratic control of the milling 
and distribution of flour eventually became too 
unwieldy and failed to prevent an outbreak of 
ergotism as late as I 951. 

THE BIRTH OF SCIENTIFIC 

EVIDENCE 

With the increase in scientific observation 
during the Renaissance, naturalists began to 
study and speculate about the nature of ergot 
without being in any way aware of its rela­
tionship to the "holy fire" disease. Thalius, a 
respected authority of the 16th century, con­
sidered it to be a malformed plant seed. The 
suggestion that ergot might be fungus did not 
surface until 1711, and was hotly disputed. 
In 1815 the French Academy commissioned 
one of their members to settle the issue. On the 
basis of a chemical analysis, Vauquelin de­
clared it to be a seed! It was not until 
1853 that the question was finally resolved 
by Tulasne, a biologist. He showed that the 
peculiar structure was only one stage in 
the lifecycle of a fungus-the stage that en­
ables it to survive the winter in a dornrnnt 
state. 

At some point not recorded in medical his­
tory it was discovered that eating small quanti­
ties of ergot would hasten childbirth. Know!-
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edge of this effect seems to have spread through 
the folklore of midwives, and the first written 
prescription for its use appeared in Adam 
Lonicer's Krauterbuch or herbal of 1582. Over 
the next 300 years ergot gradually found its 
way into most unofficial medical texts, usually 
with instructions that one to three "spurs" 
could be eaten if labor was slow or prolonged. 
It was introduced into the official pharmaco­
poeia in the 19th century largely because of 
the work of John Stearns, a New York state 
physician who experimented with ergot after 
hearing of its use from a local midwife. 
Stearns collected ergot from granaries in the 
neighborhood and compared the effects of ex­
tracts as well as powdered ergots. He found that 
the substance extracted with water was as active 
as the ergots themselves-a valuable drug, 
when properly used. The potency of the ex­
tract varied with the source of the ergot and 
the care with which it was prepared. Moreover, 
there was no convenient way of testing the 
activity before use. Overdoses produced severe 
toxic reactions and, as Stearns had warned, 
the action of the drug was so powerful and 
immediate that the uterus would rupture if the 
child had not been correctly positioned for 
delivery. By the end of the 19th century the 
use of ergot extracts to hasten childbirth was 
considered too dangerous and was discouraged 
in medical teaching. Instead, it was recom­
mended for postpartum administration to con­
tract the uterus and prevent hemorrhaging. 
Ergot drugs are routinely used for this purpose 
today. 

THE BIOACTIVE INGREDIENTS IN 

ERGOT 

For I 00 years after John Stearns described 
the effects of an ergot extract chemists tried 
without success to purify the active principle. 
Their main difficulty was the lack of a simple, 
meaningful assay to test the different fractions 
obtained through purification, and their search 
tended to concentrate on discovering substances 
that had chemical resemblance to the higher 
plant alkaloids already known to be potent 
natural drugs. In I 9 l 8 this effort paid off with 
the isolation by Alfred Stoll at Sandoz labora­
tories in Switzerland of ergotamine, a pure 
alkaloid with many of the properties of the 
parent ergot. With this discovery a reliable 
ergot drug preparation became possible, but it 
took another 33 years before chemists could 
describe in precise terms the molecular struc­
ture of the compound. 

One of the difficulties in isolating ergota­
mine was that it was hidden among several 
other very similar alkaloid�. It soon became 
apparent that the activity of- ergot is due not 
to a single substance but to a group of alkaloids. 
Additionally, these are rather unstable com� 
pounds which rearrange to inactive forms under 
some of the treatments routinely used in isolat­
ing natural products. 

Examining the phannacological activity of 
each pure alkaloid of the ergotamine type, 
chemists failed to match the rapid and power­
ful uterocontractive activity shown by crude 
ergot extracts. An English pharmacologist, 
L. Chassar Moir, devised a very direct way of
measuring this activity by placing in the uterus
a small water-filled balloon connected by tubing
to a barometric recorder. With this as a bioassay
and the help of a chemist he then isolated from
ergot a new alkaloid .... Moir was not alone 
in his search for this compound: it was 
described by four different laboratories at 
about the same time. Thus the compound is 
variously known as ergometrine, ergobasine, 
ergonovine and ergostetrine. It is this com­
pound and a semi-synthetic methylergobasine 
that are now used routinely in childbirth to 
minimize the chances of postpartum hemor­
rhage. 

The semi-synthetic methylergobasine is pre­
pared by treating the natural alkaloids with 
alkali to cleave the molecules into their com­
ponents. The lysergic acid fragment is recov­
ered and attached chemically to a new base 
(in this case butanolamine) to form methylergo­
basine. The semi-synthetic drug has similar 
but not identical uterocontractant activity to its 
natural homologue, crgobasine. 

In the search for other semi-synthetic vari­
ants, Albert Hofmann in the Sandoz labora­
tories prepared many new alkaloids like methyl­
crgobasine. One of these produced startling 
effects, which he discovered in 1943 by acci­
dental self-administration. The compound was 
a diethylamide of lysergic acid, LSD-25. Hof­
mann, abandoning laboratory work for the 
day, set off for home on his bicycle and later 
recalled his experience: '' My field of vision 
swayed and objects appeared distorted, like 
images in curved mirrors. I felt fixed to the 
spot, although my assistant told me afterwards 
we were cycling at a good speed. I recall the 
most outstanding symptoms as vertigo and 
visual disturbance; the faces of those around 
me appeared as grotesque colored masks. I rec­
ognized my condition clearly and sometimes, 
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as if I were an independent neutral observer, 
saw that I babbled half insanely and incoher­
ently. Occasionally I felt out of my body. When 
I c1osed my eyes endless colorful, realistic 
and fantastic images surged in on me. Acoustic 
perceptions, such as the noise of a passing car, 
were transformed into optical effects, every 
sound evoking a corresponding colored hallu­
cination constantly changing in shape and 
color." 

LSD is an extremely potent substance that 
produces its hallucinogenic effects by acting 
directly on the central nervous system. A dose 
of 1 to 2 µ.,g per kg. body weight will usually 
elicit symptoms within a few minutes and in 
the range from I to 16 µ,g per kg. the intensity 
of the effect is proportional to dose. An im­
mediate dizziness, weakness and nausea is 
usually followed by inner tension and, in the 
second or third hour, by visual illusions and 
sensory distortions. Loss of sensory boundaries 
creates a need for a supporting environment. 
Recollections from the past may overlap the 
present, while moods shift suddenly from ela­
tion to fear. If a major panic episode has not 
occurred after four to five hours, a sense of 
detachment and supreme control may arise. 
Although the half-life of the drug is about 3 
hours, the entire syndrome usually lasts for 
about I 2 hours. Because of the unpredictable 
incidence of "bad trips" which can neither be 
prevented nor treated, other than by reassurance 
in a supportive atmosphere, the use of LSD is 
considered by psychologists to be a hazardous 
undertaking, even though the extreme potency 
of the drug means that there is little risk of a 
toxic overdose causing the more clinically dan­
gerous symptoms of ergot poisoning. The drug 
was used experimentally for a time to treat 
alcoholism and opiate addiction but caused no 
permanent change in psychological state. This 
use has been abandoned and LSD appears now 
to have no clinical value. 

LSD is not a natural constituent of ergot, but 
related ergot alkaloids do possess similar, if 
much less intense, abilities. Ergine, the parent 
lysergic acid amide, is one such compound. 
Well known to chemists for many years as a 
degradation product of the more complex alka­
loids, its psychotomimetic action was not dis­
covered until 1961 when Sandoz became inter­
ested in the drugs used by Central American 
Indians in their religious ceremonies. 0/o­

linqui, the seed of a species of morning glory 
native to Mexico, contained ergine as the active 
principle. 

TECHNOLOGY AND AGRICULTURE  

THE MODERN ERGOT 

PHARMACOPOEIA 

Ergot alkaloids exhibit a remarkably wide 
range of physiological effects, all of which 
stem from actions on the nervous system. To .. 
various degrees, they affect the central nervous 
system directly and cause responses such as a 
drop in pulse rate, respiration and heart beat 
by depressing the vasomotor control center of 
the medulla. LSD, by far the most powerful 
central nervous system activator, appears to 
affect the transmission of signals mediated by 
5-hydroxytryptamine at much lower concentra­
tion than other neurohumoral responses and
thus produces a specific psychedelic action at
very low doses.

Nerve impulses generated in the brain control 
the activities of the body through a series of 
parallel transmission systems. The ergot alka­
loids act in the hypothalamic region of the brain 
which is the principal locus of integration for 
autonomic functions-those activities that are 
under involuntary control such as blood pres­
sure, fluid balance, and the less mechanical 
responses of sleep, emotions and sexual re­
flexes. The hypothalamus also links the brain 
with its neural mode of transmission to the endo­
crine system which regulates body function 
through the use of chemical messengers (hor­
mones) that travel in the blood stream to act on 
distant glands and tissues. 

A study of pig mortality in Africa pinpointed 
the capacity of ergot alkaloids to interfere with 
this process. Death of newborn piglets caused 
by drying up of the saw's milk supply was 
traced to a high content of ergot in the millet 
supplied to the piggery. This effect was in turn 
traced to the action of agroclavine, a member 
of the ergot alkaloid group, which interferes 
with hypothalamic-mediated release of the 
hormone prolactin from the pituitary. Prolactin 
is required to induce milk secretion in the mam­
mary glands. The action of agroclavine is mim­
icked by several semi-synthetic lysergic acid 
derivatives; such compounds, more active and 
less toxic than the natural alkaloid, are now in 
clinical trial for treatment of conditions such as 
galactorrhea (excessive milk production) and 
mammary carcinomas that depend on prolactin 
for continued growth. 

During the studies on agroclavine that estab­
lished its effect on prolactin release, it was 
observed that mice treated with the drug im­
mediately following copulation failed to con­
ceive. It is now known that the alkaloid and 
several semi-synthetic members of the group 
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prevent pregnancy by inteti'ering with implan­
tation of the fertilized egg in the uterus. The 
activity is attributed to inhibition at the hypo­
thalamus of necessary hormone factors essential 
for the proper development of pregnancy, and 
offers one potential route to the development of 
"morning-after" birth control. 

The classic uterocontractive activity of ergot 
alkaloids is due to their effect in the peripheral 
system where the nerves stimulate or relax 
smooth muscle. They interfere with the action 
of noradrenalin, one of the chemical substances 
that connects nerve activity at synaptic junc­
tions, and the blockade is manifest to varying 
degrees in alkaloids of different structural 
types. Most active are the alkaloids, such as 
ergotamine, which possess a peptide com­
ponent. Their powerful constrictive action on 
blood vessels is the basis for their most wide­
spread modern use, the treatment of migraine 
headaches. Ergotamine is the most effective 
compound and, so far, the only useful remedy. 
Migraine is believed to be due to increased 
amplitude of pulsations in the cranial arteries. 
The alkaloid, by constricting the arterioles, 
suppresses these pulsations. Relief is often in­
stantaneous if the drug is injected into the 
bloodstream, but it is usually given by a less 
direct route. The dose regimen must be moni­
tored carefully to avoid ergot poisoning. 

MANUFACTURING ERGOT 

ALKALOIDS 

Searching out and collecting ergot from nat­
urally infected grasses and cereal crops has long 
ceased to provide the quantity needed to pre­
pare pure drugs. The immediate solution to the 
supply problem was to develop ways of artifi­
cially infecting crops with the ergot fungus to 
obtain higher yields. Since ergot is worth 20 
times as much as the grain it replaces this is a 
worthwhile proposition for a farmer, pro­
vided the fungus infestation can be contained. 
Rye is the crop of choice because of the rela­
tively long period when the glumes are open 
and fungus spores can infect the rye ovary. Er­
got cultivation is normally confined to isolated 
valleys, in fields surrounded by tall trees to 
prevent spore dispersal by wind and insects. 
At first, crops were sprayed during flowering 
with a water suspension of spores, but repeated 
applications were needed since the glumes do 
not all open at the same time. The technique 
was eventually superseded by directly injecting 
spores by a needle-puncture method. Tractors 

were fitted at the front with a device that 
pressed the seed heads between two moving 
belts, one of which carried a set of needles 
that had passed through a suspension of spores. 
A very heavy primary infection can be obtained 
in this way so that good yields do not.depend 
on secondary dispersal by insects, wind and 
rain at the honeydew stage. 1 

Along with this kind of agrotechnical re­
search went an empirical selection of genetic 
strains that gave superior yields of the desired 
alkaloids and less complicated mixtures to 
make isolation and purification easier. The 
overall effort was so successful that, until very 
recently, all ergot used by the pharmaceutical 
industry was produced in this way. However 
concurrent with research into field production 
methods an alternative approach aimed at 
achieving production of the alkaloids by culti­
vating the fungus in tanks of artificial media 
was developed. This process is now displacing 
field cultivation as the more economical and 
reliable method. 

The ergot fungus can be grown easily in the 
laboratory, but most early attempts to persuade 
it to produce ergot alkaloids in artificial culture 
were unsuccessful. Where production was 
achieved the yields were invariably low. To 
overcome this problem, Matazo Abe in 1948 
screened many hundreds of fungus isolates 
from ergot growing on wild Japanese grasses 
until he found strains that yielded well when 
cultivated in a simple nutrient solution. Sur­
prisingly, however, the alkaloids formed by 
these strains were different from ergotamine 
and the other alkaloids previously isolated from 
natural ergot. The main product in his first 
culture was aproclavine. Over the next ten years 

'The life-cycle of ergot provides for reproduction and dis­
persal in appropriate seasons. The ergot body falls to the 
ground in late fall and germinates in late spring; this se­
quence of winter cold followed by spring moisture and 
warmth are necessary to break dormancy. The germinating 
ergot produces numerous finger-like outgrowths that de­
velop heads packed with threadlike spores. These are dis­
persed by wind or carried by bees and other insects to the 
flowering heads of grasses. A fungus spore landing in the 
open tloret grows on the ovary, eventually consuming it. 
Filamentous cells proliferate, followed by a "honeydew" 
stage when filaments exude a sweet, sticky liquid con­
taining masses of small round asexual spores. These are 
carried by the many kind of insects that feed on honeydew 
to other plants, spreading the infection widely. After the 
honeydew stage, the fungus produces a core of closely 
packed cells which expands to form the ergot body. This 
core preserves the fungus in a dormant state during the 
winter and it alone contains the poisonous alkaloids. 
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dozens of similar alkaloids were found, bu1 
none of the high-yielding cultures produce~ 
clinically useful compounds. 

The first break came in 1960 when an ltaliar: 
group working with Ernest Chain found a strair: 
of Clavicaps paspali, a species of the ergol 
fungus growing on paspalum grass, that pro­
duced large amounts of the hitherto unknown 
alkaloid, lysergic acid n-hydroxyethy] amide, 
in culture. This can be easily hydrolyzed chemi­
cally to lysergic acid and converted to the clin­
ically useful ergometrine or methylergobasine. 
A few years later workers at the Sandoz labora­
tories in Basel discovered a subspecies of 
Claviceps pa.\pali that produced high yields of 
paspalic acid, an alkaloid easily rearranged to 
lysergic acid. This process, too, became a start­
ing point for the semi-synthetic production of 
utcrocontractant alkaloids. Persistent research 
has gradually solved the riddles of ergot fungus 
physiology and even the recalcitrant Claviceps 
purpurea has now been persuaded to make 
large quantities of the valuable ergotamine in 
culture. Once reasonable yields are obtained the 
inherent advantages of fermentations over field 
cultivation make the choice between these pro­
cesses a simple one. 

THE RAISON D'ETRE FOR ERGOT 
ALKALOIDS 

With Saint Anthony's fire eradicated and the 
scourge of medieval peasants and villagers 
now producing useful drugs for mankind, one 
intriguing question remains: what possible use 
can the ergot alkaloids have in the fungus that 
makes them? We cannot arrive at a decisive 
answer since proof is hard to come by, but 
consider these facts: 

The genetic and biochemical machinery 
needed to make these compounds is com­
plex, and therefore expensive for the fun­
gus to maintain. 

Unnecessary characters are normally lost 
during the evolutionary struggle for sur~ 
viva!. 

There seems to be a link between the ability 
of the fungus to parasitize plants and to 
produce alkaloids. 

The ergot bodies are dark-colored and there­
fore visible as well as toxic, so that pred­
ators, especially birds, would learn to 
avoid them. 

It seems reasonable to believe that formation 
of alkaloids is a protection for the unusual life­
style of the fungus. Unfortunately man, through 
reasons of his own making, took an excep­
tionally long time to discover that ergot was 
not edible and should be strictly avoided. 

Ergot is a word of French origin meaning 
• 'cockspur.'' The German name is Mutterkorn, 
a folklore term that was adopted when the corn­
fields were believed to be visited by a demon 
spirit, the corn mother. The corn could be seen 
to sway and part as she passed through; where 
she touched the seed heads Wolfziilme, sprang 
up, intended for her children, the rye-wolves. 
It seems we have always tried as best we can to 
explain away the things we don't quite under­
stand. We may no longer believe that ergot is 
made by a demon spirit to provide teeth for her 
children but perhaps our present attempt to 
explain its existence may prove to be no less 
fanciful. 
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Technology and the biomedical sciences 

The future impact of science and technology on medicine 
LEWIS THOMAS 

■ Lewis Thomas, a physician aml an edurntor, is president of Memorial Sloa11-Ke11eri11g Cancer Ce/1/er. He is also 

Professor of Medicine and Pmhology at the Medical School, Come/I UniveniTy, and co-director of the Grad11ate 
School of Medirnl Science. He i.1· the a111hor o

f 

Lives of a Cell. 
In the following article Thomas disc11.1·ses The three levels of technology involved in 111odem medicine. He calls 

the first and highest level "high technology." "This is the genuinely decisive technology of modem medicine 

exemplified best by methods of im11111nization agllimt ... vario11s virns diseases, and The co111e111porwy 11se of 

a11tibio1ics and chemotherapy for bactaial infectiom.' • The importa/11 fellt11re of high technology is that ii is the 

res11lt ofa genuine 1111ders111ndi11g of disease mec/w11is111s. The second level of technology he calls "hll/fway technol­
ogy." Exemplified by tramplllnts llnd the inve111io11 of artijicilll organs, this kind of technology is an al/empt to 
compenmte for the effect ofdisea.1·e which we do 1101 yet know how to control. The third llnd lowest level ofteclmology 

is best termed "non-technology." It is bllsically "cari1111 for" and "standing by" the patient when 110 known 
technology can he 11sed to help him. 

Lewis poinl.l' 0111 that 1he las/ llvo levels are the mo.VI expensive. In 1i111es when money is becoming scarce, he 

s11gges/J thllt it wortld be wise to p11t most of the money where it cw1 produce the best rernlt.1·, 11l/111ely in ha sic science 
research. I

f 

the 111echa11i.1·111 of a disea.w: becomes 1111derstood, the expemive 11nits desixned to compensate for the 
dmnage res11/ting ji'o111 the disease beco111e 1111nece.ua1y. The need jiJr non-technology would lliso he s11bstllllli11/ly 
reduced. 

It is said that we are spending this year some­
thing like $85 billion on health in this country. 
Last year the figure was $70 billion; the year be­
fore around 60. Nobody can vouch with certain­
ty for the accuracy of these figures, nor even 
count up all the things the dollars are presum­
ably buying. But no matter; they arc socking 
great sums, enough to warrant the term Health 
Industry for the whole enterprise. 

With an investment of this size, much of it 
representing public funds, it is surprising that 
there is so little analytical information concern­
ing the enterprise; there is really no such thing 
as a Health Policy for the country in the sense 
that the term Policy is used for other major pub­
lic ventures and certainly nothing like real Pol­
icy Planning. There is only an intense public 

D Reprinted, with permission, from /Ji0Scie11ce, 24, No. 2 
( 1974), 99-105, published by the American Institute of Bio­
logical Sciences. 

 

anxiety that it is costing much too much money 
and we cannot afford to put in more; also, there 
is a spreading doubt that we are getting anything 
like our money's worth. 

In this climate, it is no wonder that the gen­
eral support for scientific research and training 
in the biomedical sciences has come upon such 
hard times in the past several years. This, by the 
way, is not a special bias of the present adminis­
tration. The cutting back on funds to support 
medical research began in 1967 and would 
probably have continued regardless of what ad­
ministration took power. There is an unmistak­
able loss of confidence in the value and effec­
tiveness of science. It applies to science in 
general, not just medicine. It derives in part 
from the anxiety about our mixed technological 
blessings and some general apprehension about 
the future. At the same time, doubts have arisen 
about the capacity of science to solve our health 
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problems and there arc new fears concerning 
the harmful effects of science in medicine. We 
are suspected of busying our laboratories devis­
ing hideous new technologies to engineer ordi­
nary, friendly, everyday man out of existence. 
We have special basement laboratories where 
we invent ways to control human behavior to 
our liking, transplant heads, raise identical par­
thenogenetic babies in plastic test tubes, clone 
prominent political figures, and teach compu­
ters to think rings around us. Scientists, in 
short, are suspected of having gone crazy­
partly, it is also suspected, under the influence 
of money. 

These are bad times for reason, all around. 
Suddenly, all of the major ills are being treated 
by acupuncture. If not acupuncture, it is apricot 
pits, astrology, or transcendental meditation. 

We are in danger of losing sight of our gen­
uine assets and in even more danger of failing to 
take advantage of the opportunities in science 
which, in the long history of science, have 
never been so real. There is, not too far ahead, 
the solid possibility that man may be rid of the 
worst of his diseases once and for all. This is a 
time when we ought to be making very careful 
plans for the long-term future. It is the unlikeli­
est of all times for us to be getting ourselves into 
a depression about medical science. 

What we need today in medicine is a better 
technology assessment-the same kind of peri­
odic hard-headed assessment of technology that 
has become a routine and profitable exercise 
for most of the large industrial enterprises of the 
nation. We need an inventory of our informa­
tion, our methods, and our real prospects for 
the future. Up to now medicine has received 
very little of this kind of treatment. The technol­
ogy of medicine has simply been accepted as 
given-as something there, for better or worse, 
to be taken for granted. Even the term "technol­
ogy" means something different to most people 
from what it means to the rest of science. We 
are not accustomed to thinking of antibiotics, 
insulin, or coronary bypass surgery as the items 
of technology they obviously are, and we tend 
to speak of technology only in the sense-and a 
very limited sense it is-of the methods in­
volved in the distribution and delivery of health 
care. 

It would be useful, I think, to take a careful 
look at the actual measures employed in the 
management of disease and the preservation of 
health, and te make, periodically, the same ob­
jective appraisals of their effectiveness as are 

made by other industries. It would be a lot eas­
ier to work out long-range policies, set future 
goals, and assign budgets if we had some sys­
tem in operation to tell us, at any given mo­
ment, where we stand with our technology, 
what these measures are costing us, and wheth­
er there are options in sight, especially whether 
there is new information that might lead to basic 
changes in technology just ahead. 

We have no such system for appraisal. There 
are good reasons for this although I believe the 
time has come for us to find our way around 
the difficulties. The technology of medicine has 
certain features that distinguish this field from 
the rest. One difference has to do with the eco­
nomics which seem to govern all other techno­
logical advances but have no discernible influ­
ence on the kinds of things we do, or think we 
do, in medicine. For example, we do not build 
new bridges at great cost without knowing in 
advance, quite precisely, what the transport re­
quirements will be in the future, and having 
some kind of assurance that the bridges will 
bear the traffic, meet all forseeable demands 
and stand up to all forseeable stresses. But we 
will undertake the development of an artificial 
heart at the cost of many bridges without going 
through any sort of cost-benefit, logistic, or 
even moral analysis of what it is that we are 
making. Indeed, in medicine, it is characteris­
tic of our technology that we do not count the 
cost, ever, even when the bills begin coming. 

This is plainly a defect in our system-if 
we can be said to have a system. It is, in part, 
explainable by our history, by the brand new­
ness of any kind of technology at all in this 
field, and our consequent unfamiliarity with any 
methods, or indeed, any incentive in the first 
place, for technology assessment in medicine. 
We have had almost no genuine science to tap 
into for our technology until just the past three 
decades. As a profession, we go back a very 
much longer time, probably thousands of years. 
During most of our history, therefore, we have 
become accustomed to no technology, or to 
pseudotechnologies without science. We have 
long since acquired the habit of improvising, of 
trying whatever came to hand; and in this way, 
have gone through our cyclical fads and fash­
ions, generation after generation, ranging from 
bleeding, cupping, and purging, through incan­
tations and the reading of omens, to prefrontal 
lobotomy and metrazol convulsions; we have 
all gotten quite used to this kind of thing, 
whether we will admit it or not. Early on we be-
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came accustomed to the demand that a doctor 
must do something; doctors who didn't do 
something, no matter what, were not real doc­
tors. During the long period when we knew of 
nothing to do about typhoid fever except to 
stand by and wait for the patient to struggle 
through, keeping an eye out for the hemor­
rhages and perforations that might kill him at 
any time, the highest level of technology was 
the turpentine stupc. This was an elaborate kind 
of fomentation applied to the belly, very diffi­
cult to make without ending up with a messy 
shambles, and capable, I believe, of doing ab­
solutely no good whatever beyond making ev­
eryone feel that the doctor was doing some­
thing. This, by the way, is not a baroque item 
of our distant history. I learned to make a tur­
pentine stupe at the Peter Bent Brigham Hospi­
tal in 1937; it is, therefore, in my view, a rela­
tively recent, almost modern example of the 
way we develop technology, and it is not yet all 
behind us as we shall see. We still have our 
equivalents of bleeding, cupping, and turpen­
tine stupes, and they are all around us. 

The trouble with this kind of pseudo-technol­
ogy or magical technology is that it has become 
unbelievably expensive in its more modern 
forms, and, at times, is dangerous. It is particu­
larly dangerous and expensive when it takes the 
form of strong drugs, bizarre diets, or surgery. 

But now that science has entered medicine in 
full force, we must begin to sort out our affairs. 
From now on we will need, as never before, to 
keep the three central enterprises of medicine­
Hto cure, to relieve, to comfort" -clearly sep­
arated from each other in our minds. They do 
not really overlap, but we tend to view them, 
and the public takes the same· view, as though 
they were all of a piece, all the same body of 
technology, all derived from science, all mod­
ern. I think perhaps one reason we do this is be­
cause of an unconscious conviction that dollar 
values must be placed on all human enterprises, 
and we do not like to confess to ourselves that 
so many of the things that we do are simply pro­
vided for comfort and reassurance. Somehow 
this has come to seem a less significant product 
than a cure; so we try, consciously or uncon­
sciously, to pretend that there is more continuity 
than is really there, that everything we do is di­
rected toward the same end. 

In fact we are engaged in three entirely dif­
ferent kinds of technology in medicine. I have 
an idea that if we could conduct a sort of tech­
nology assessment on ourselves, and come to 

some sort of general agreement about which 
technology belongs in which category, we 
might be in a better position to make intelligent 
plans and forecasts for the future. We would al­
most surely be clearer in our minds about how 
to set priorities for the investment of scientific 
resources for the future. 

Before beginning on my own version of a 
classification, I would like to make a general 
declaration of faith, and a general confession of 
optimism. My dogmas are as follows: I do not 
believe in the inevitability of disease. I concede 
the inevitability of the risk of disease, but I 
cannot imagine any category of human disease 
that we are precluded, by nature, from thinking 
our way around. Moreover, I do not believe 
that when we succeed in controlling or curing 
one kind of disease we will necessarily, auto­
matically, find that it has been replaced by an­
other. 

Even if I am wrong, and it should turn out 
that there is some law of nature that mandates 
the doling out of new diseases up to some opti­
mal number whenever old ones disappear 
(which strikes me as a piece of illogic as well 
as high improbability), I still cannot imagine 
remaining helpless before all the new ones. Na­
ture is inventive but not so inventive as to con­
tinue elaborating endless successions of new, 
impenetrable disease mechanisms. After we 
have learned . enough to penetrate and control 
the mechanisms of today's disease, I believe 
we will be automatically well-equipped to deal 
with whatever new ones turn up. I do not say 
this in any arrogance; it just seems reasonable. 

I have no more difficulty in imagining a dis­
ease-free human society, or at least a society in 
which major diseases are held under control, 
than I do with the idea that valuable stocks of 
animals, or varieties of plants, can be main­
tained relatively free of disease. 

I believe that disease is fundamentally unnat­
ural. It is not a normal or natural part of the 
human condition for aging human beings to be­
come paralyzed and idiotic for long years before 
they finally die any more than it is for young 
people to develop acute leukemia. I believe that 
disease comes generally as the result of biologi­
cal mistakes: misinterpretations of signals on 
the part of cells and tissues; misuse of infor­
mation. I believe that the mechanisms of dis­
ease are quite open to intelligent intervention 
and reversal whenever we learn more about 
how they operate. 

To say it another way, I do not consider that 
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the ambition to control or eliminate disease, 
which is an ambition shared by everyone in 
bio1nedical science, is either unthinkable or any 
distance beyond imagining. What makes it 
seem to many people like an outlandish, even 
outrageous way to be talking, is that it becomes 
ass11med that we are talking about human happi­
nes�, which is really quite another matter, or 
about human mortality, which is also quite an­
oth(!r matter. As to the first, it is of course true 
that disease has long been a major cause of 
hu111an despair and wretchedness, but this is no 
rea$on to believe that we will all become happy, 
well-adjusted people by being rid of it. We will 
still be left with our share of worrisome prob­
lems, and we will still have more than our 
share of ample reasons for despair, and no 
medical science-not even psychiatry-has any 
forseeable contribution to make to these mat­

ters. War and bombs, failure and anomie, 
clouding of the sun by particles of our own 
waste, the shutting off of oxygen, the loss of 
room to move around-these are problems still 
to be with us for some time to come, healthy 
or ailing, and I hope that no one will suggest 
that these are in any sense problems for medi­
cine-or we will never get any of them solved. 
But perhaps human society will be better 
equipped to think its way through these impon­
derables if, at least, we no longer have today's 
roster of diseases to worry us at the same time. 

As to mortality, I have a hunch that we will 
discover, someday, that disease and death are 
not as inextricably interrelated as we tend to 
view them today. All the rest or nature under­
goes, in its variable cycles, the physiological 
process of death by the clock; all creatures, all 
plants, age finally, and, at the end, they all die. 
Diploid cells in tissue culture have finite life 
spans which are different for different lines of 
cells, and characteristic of particular cell stocks. 
Some live for 40 generations and then die; 
others for 70. They do not develop fatal dis­
eases; it is not a catastrophe-they simply reach 
the end of a life-span programmed for them in 
their own genomes, and at the end of that span, 
they die. 

I believe that we are also like this. If we are 
not stmck down prematurely by one or another 
of today's diseases, we live a certain length of 
time and then we die, and I doubt that medicine 
will ever gain a capacity to do anything much to 
modify this. I can see no reason for trying, and 
no hope of success anyway. At a certain age, it 
is in our nature to wear out, to come unhinged 

and to die, and that is that. My point here is 
that I very much doubt that the age at which 
this happens will be drastically changed for 
most of us when we have learned more about 
how to control disease. The main difference 
will be that many will die in relatively good 
health, in a manner of speaking. Rather after 
the fashion of Bertrand Russell, we may simply 
dry up and blow away. 

Even if our technology were to become so 
dazzlingly effective as to rid us of all the major 
diseases that now kill many of us before our 
time of wearing out, I doubt that the resulting 
population increase would make more than a 
marginal difference to the general problem of 
world overpopulation. Indeed, it might help 
some since there would be smaller numbers of 
us in hospitals, or living out their lives in vari­
ous degrees of incapacitation and suffering. Be­
ing overpopulated is bad enough as social prob­
lems go, but to be overpopulated with so many 
disabled by disease, especially by the chronic 
diseases of the elderly let alone schizophrenia, 
presents an unthinkable prospect for the ap­
proaching century. 

In any case, we do not really owe much of 
today's population problem to the technology of 
medicine. Overpopulation has been coming for 
several centuries and the alarming upward slope 
began long before we had developed a genuine 
capacity to change the outcome of disease. 
Modern medical science is a recent arrival and 
the world population had already been set on 
what seems to be its irreversible course by the 
civilizing technologies of agriculture, engineer­
ing, and sanitation-most especially the latter. 
From here on the potential benefits of medicine 
greatly outweigh any conceivable hazard. We 
will perhaps change slightly the numbers living 
at any moment in time, but it lies within our 
capacity to change very greatly the quality of 
life. 

Well, where do we stand today as a science? 
This is not the same question, of course, as the 
one concerning the state of our technology. Our 
science is the science of the biological revolu­
tion, and we have scarcely begun to apply any 
of it. We do not yet, in fact, know where to 
begin. In contrast with today's genuinely high 
technologies of molecular biology, neurobiol­
ogy, or cellular biology, with the immense 
power of their instruments for exploring the 
most fundamental questions about the pro­
cesses of life, the condition of our knowledge of 
disease mechanisms has a primitive, 19th cen-
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tury look, and our capacity to intervene in dis­
ease is not much better. This is the general 
shape of things today, but tomorrow will be 
very different indeed. I simply cannot imagine 
any long persistence of our ignorance about dis­
ease mechanisms in the face of all that is being 
learned about normal cells and tissues. Our time 
for the application of science on a major scale is 
approaching rapidly, and medicine will be total­
ly transformed when it happens. The hard prob­
lem just ahead will be setting priorities and 
making choices between options. We will be 
obliged, as never before in our history, to select 
alternative possibilities in technology; we will 
be compelled to make long range predictions 
as to the outcome of this course or that. In short, 
we will be thrust into the business of technology 
assessment just like all the other great national 
enterprises. 

It is a curious position that we are in today, 
poised as we are between the old world of trial­
and-error empiricism, superstition, hunch, and 
resignation to defeat, and the new world, just 
ahead, of hard information and applied science. 
We seem to work, as of now, with three differ­
ent levels of technology. 

1. First, and necessarily foremost, is what
might be termed the high technology of medi­
cine, equivalent in its sophistication and effec­
tiveness to the high technologies of the physical 
sciences. It is a curious fact that although the 
accomplishments here represent the major tri­
umphs of medicine to date, most of us tend to 
take them for granted. We often forget what 
they mean for the quality of life in modern so­
ciety. This is the genuinely decisive technology 
of modern medicine exemplified best by meth­
ods for immunization against diphtheria, per­
tussis, and various virus diseases, and the con­
temporary use of antibiotics and chemotherapy 
for bacterial infections. The capacity to deal ef­
fectively with syphilis and tuberculosis repre­
sents a milestone in human endeavor, even 
though full use of this potential has not been 
made. And there arc, of course, other examples: 
the treatment of endocrinologic disorders with 
appropriate hormones, the prevention of hemo­
lytic disease of the newborn, the treatment and 
prevention of various nutritional disorders, and 
perhaps just around the corner the management 
of Parkinsonism and sickle-cell anemia. There 
are other examples and everyone will have his 
favorite candidates for the list; but the truth is 
that there are not nearly as many as the public 
has been led to believe. 

The point to be made about this kind of tech­
nology-the real high technology of medi­
cine-is that it comes as the result of a genuine 
understanding of disease mechanisri1s and, 
when it becomes available, it is relatively inex­
pensive, relatively simple, and relatively easy 
to deliver. 

Offuand, I cannot think of any important 
human disease for which medicine possesses 
the capacity to prevent or cure where the cost 
of the technology is itself a major problem. The 
price is never as high as the cost of managing 
the same disease during the earlier stages of in­
effective technology. If a case of typhoid fever 
had to be managed today by the best methods 
of 1935, it would run to a staggering expense. 
At say around 50 days of hospitalization requir­
ing the most demanding nursing care, with the 
obsessive concern for details of diet that charac­
terized the therapy of the time, with daily labo­
ratory monitoring and, on occasion, surgical in­
tervention for abdominal catastrophe, I should 
think $10,000 would be a conservative estimate 
for the illness as contrasted with today's cost of 
a bottle of Chloramphenicol and a day or two of 
fever. The technology that was evolving for 
poliomyelitis in the early 1950's, just before the 
emergence of the basic research that made the 
vaccine possible, provides another illustration. 
It is the cost of those kinds of technology and 
their relative effectiveness that must be com­
pared with the cost and effectiveness of the vac­
cme. 

Pulmonary tuberculosis had similar episodes 
in its history. There was a sudden enthusiasm 
for the surgical removal of the infected lung tis­
sue in the early l 950's, and elaborate plans 
were being made for new and expensive instal­
lations for major pulmonary surgery in tubercu­
losis hospitals. Then, the drug isoniazid and the 
antibiotic streptomycin were discovered and the 
hospitals were closed. 

It is when physicians are bogged down by 
their incomplete technologies and by the innu­
merable tasks they are obliged to do in medicine 
when they lack a clear understanding of dis­
ease mechanisms, that the deficiencies of the 
health care system are most conspicuous. 

2. This brings me to the second level of tech­
nology in this classification, which I have 
termed the ha/f�vay technology of medicine. 
This represents what must be done after the fact 
in efforts to compensate for the incapacitating 
effects of certain diseases whose courses about 
which we are unable to do very much. It is a 
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technology designed to make up for disease or 
to postpone death. 

The outstanding examples in recent years are 
the trimsplantations of hearts, kidneys, livers, 
and ·other organs, and the equally spectacular 
inventions of artificial organs. In the public 
mind, this kind of technology now seems like 
the equivalent of the high technologies in the 
physical sciences. The media tend to present 
each new procedure as though it represented a 
breakthrough and therapeutic triumph instead 
of the makeshift that it really is. 

In fact, this level of technology is, by its na­
ture, at the same time highly sophisticated and 
profoundly primitive. It is the kind of thing that 
we must continue to do until there is a genuine 
understanding of the mechanisms involved in 
disease. In chronic glomerulonephritis, for ex­
ample, a much clearer insight will be needed 
into the events leading to the destruction of cap­
illaries in the kidneys. There is sol id evidence 
that abnormal immunologic reactions are the 
basis for this destruction. If more information 
can be obtained, it should become possible to 
intervene intelligently to prevent the process, 
or turn it around. When this level of understand­
ing has been reached, the technology of kidney 
replacement will not be much needed and 
should no longer pose the huge problems of 
logistics, cost, and ethics that it poses today. 

An extremely complex and costly technology 
for the management of coronary heart disease 
has evolved involving specialized ambulances 
and hospital units, all kinds of electronic gad­
getry, and whole platoons of new professional 
personnel to deal with the end results of coro­
nary thrombosis. Almost everything offered 
today for the treatment of heart disease is at this 
level of technology, with the transplanted and 
artificial hearts as ultimate examples. When 
enough has been learned to know what really 
goes wrong in heart disease, we ought to be in a 
position to figure out ways to prevent or reverse 
the process, and when this happens the current 
elaborate technology will be set to one side. 

The impending development of an artificial 
heart illustrates the kind of dilemma we are 
placed in by today's emphasis on halfway tech­
nology. Let us assume that heart disease, for all 
its manifold origins and its complexity, does 
represent an approachable scientific problem­
that if we study the matter with sufficient imagi­
nation and energy, making use of all the new 
information about muscle structure and function 
and blood coagulation and lipid metabolism, 

and making capital use of new information 
along other lines as yet unguessed by any of us, 
we will eventually solve this problem and we 
will then learn how to intervene before the on­
set of irreversible muscle or valve disease, to 
prevent the process, or to tum it around. As a 
non-cardiologist, an outsider, I have total confi­
dence that this can be done, that sooner or later 
it will be done, and my colleagues who know a 
lot about heart disease have, I sense, this same 
kind of confidence for the long term. This, then, 
is one option, and an altogether wise one to 
adopt. But the artificial heart represents a com­
pletely different attitude, basically opposed. To 
be willing to invest the many millions of dol­
lars that will probably be necessary for this one 
piece of new technology almost demands of its 
proponents the conviction that heart disease 
represents an unapproachable, insoluble biolog­
ical problem. It assumes that the best we will be 
able to do, within the next few decades, is to 
wait until the underlying mechanisms of heart 
disease have had their free run, until the organ 
has been demolished, and then to put into the 
chest this nuclear-powered, plastic-and-metal, 
essentially hideous engine. Even if it works, 
which I am afraid is not at all unlikely, I cannot 
imagine how society will solve the problems of 
cost, distribution, and priority. Who will be en­
titled to buy and have installed these engines­
those with enough wealth to pay for them?­
those who strike the rest of us, or our commit­
tees, as potentially useful citizens'? Once we 
have started on this endless line of unsoluble 
problems, there may be no turning back. If ever 
there were an urgent, overwhelmingly impor­
tant problem in biomedical science, it is with us 
now: someone simply must provide us with a 
quick solution to the problem of coronary ath­
erosclerosis. If this can be done, the artificial 
heart can become, overnight, an interesting and 
ingenious contraption, something clever and 
decorative but no longer a practical thing, with 
some of the charm of a Tiffany lamp-a sort of 
instant antique, and we will all be the better off 
for this transformation. Otherwise, we are in for 
real trouble, just ahead, and I'm not sure we 
have the collective intelligence in medicine to 
deal with it. 

Much of what is done in the treatment of 
cancer, by surgery, irradiation and chemother­
apy, represents halfway technology, in the 
sense that these measures are directed at the ex­
istence of already established cancer cells, but 
not at the mechanisms by which cells become 
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neoplastic. The policy problems that confront 
us now, with the nation's declared commitment 
to conquer cancer, arc somewhat like those in­
volved in the artificial heart question. There 
will be, for a while, anyway, a running argu­
ment between two opposing forces. There will 
be, on one side, those who believe that cancer 
is a still unsolved but eminently approachable 
scientific puzzle, requiring only enough good 
research by imaginative investigators, on a 
broad enough biological base. Provided with 
enough financial support and enough time, we 
will find ourselves home and dry. On the other 
side, there will be those who believe themselves 
to be more practical men of the real world, who 
feel that we have already come as great a dis­
tance toward understanding cancer as we are 
likely to move for some time. These men think 
we should give the highest priority to applying, 
on a much larger scale, what we know today 
about this disease-that with surgery, chemo­
therapy, and radiation we can now cure or palli­
ate a considerable number of patients, and what 
we need at this time is more and better technol­
ogy of essentially today's model. I do not know 
how this argument will come out, but I believe 
it is to be an issue of crucial, symbolic signifi­
cance; whichever way it goes, it is possible that 
this will be the drift of biomedical science for 
the next decade. Personally, I would prefer the 
middle ground, for I like a comfortable posi­
tion, but I am afraid that I belong with the first 
group of extremists in this one-for I regard 
cancer as an entirely open, entirely unsolved 
problem, wide open to research, and soluble, 
and I regard the technology of today's forms of 
therapy as paradigms of halfway technology, 
directed at the end-results of the disease rather 
tlHtn at underlying mechanisms. 

It is characteristic of this kind of technology 
that it costs an cnonnous amount of money 
and requires a continuing expansion of hospital 
facilities. There is no end to the need for new, 
highly trained people to nm the enterprise. 
And there is really no way out of this, at the 
present state of knowledge. If the installation of 
specialized coronary care units results in the ex­
tension of life for only a few patients with coro­
nary disease (and there is no question that this 
technology is effective in a few cases), it seems 
to me an inevitable fact that as many of these as 
can be built will be put together, and as much 
money as can be found will be spent. I do not 
sec that anyone has much choice in this. We are 

obliged, by the very nature of our professionnl 
responsibility, to adopt a new technology th,\t 
will benefit patients with otherwise untreatable 
diseases, even when only a very small percent­
age will be benefittcd, even when the costs arc 
very high. Neither we, nor any other sector of 
our society, control this aspect of our economy. 
We cannot, like other industries, withhold n 
technology from the marketplace because it 
costs too much money or benefits too small n 
percentage of patients. The only thing that can 
move medicine away from this level of technol­
ogy is new information, and the only imagin­
able source of this information is research. 

The best we can do when the economic or 
logistic problems associated with our technolo­
gy verge on the unsupportable, or when the 
odds are too high against the success of our pro­
cedures, is to try to improve the technology or 
to discover an altogether new technology as 
quickly as possible. Meanwhile, however, we 
must continue to employ the less than satisfac­
tory ones. 

3. This brings me to the third level of tech ..
nology-the large body best termed non-tech .. 
nology. It is, in effect, the substitute for tech .. 
nology which medicine has always beeo 
compelled to use when we are unable to altet' 
either the natural course of disease or its even-­
tual outcome. A great deal of money is spent 011 

this. It is valued highly by the professionals a, 
well as the patients and consists of what i� 
sometimes called • •supportive therapy.'' It tide� 
patients over through diseases that arc not uw 
dcrstood by and large. It is what is meant b)' 
"caring for" and Hstanding by," and i� abso-­

lutely indispensable. It is not, however, a tech" 
nology in any real sense. 

It includes the large part of any good doctor's 
time that is taken up with simply providing re" 
assurance, explaining to patients who fear that 
they have contracted one or another lethal dis" 
case that they arc, in fact, quite healthy. 

It is what physicians used to be engaged in at 
the bedside of patients with diphtheria, meniw 
gitis, poliomyelitis, lobar pneumonia, and all 
the rest of the infectious diseases that have since 
come under control. 

It is what physicians must now do for pa­
tients with intractable cancer, severe rheuma­
toid arthritis, multiple sclerosis, stroke, and ad­
vanced cirrhosis. One can think of at least 20 
major diseases that require this kind of suppor­
tive medical care because of the absence of an 
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effective technology. In this category I would 
in.elude a large amount of what is called men­
tal disease and most varieties of cancer. 

The cost of this nontechnology is very high 
and getting higher all the time requiring not 
only a great deal of time but also very hard ef­
fort and skill on the part of physicians. Only the 
very best of doctors are good at coping with this 
kind of defeat. It also involves long periods of 
hospitalization, a great deal of nursing, and in­
volvement of non-medical professionals in and 
out of the hospital. It represents, in short, a sub­
stantial segment of today's expenditures for 
health. It is not as great a financial problem for 
the future as halfway technology, but between 
them, non-technology and halfway technology 
will sooner or later drive any system of health 
care that we may devise into bankruptcy. 

If I were a policy-maker interested in saving 
money for health care over the long haul, I 
would regard it as an act of prudence to give 
high priority to a lot more basic research in bio­
logical science. This is the only way to get the 
full mileage that biology owes to the science of 
medicine even though it seems, as it used to be 
said in the days when the phrase still had some 
meaning, like asking for the moon. 

Finally, I'd like to make a brief comment on 
biomedical science planning. This is an espe­
cially lively topic at the moment because of the 
immediate implications for national science pol­
icy. It is administratively fashionable in Wash­
ington to attribute the delay of applied science 
in medicine to a lack of systematic planning. 
Under a new kind of management, it is said that 
with more businesslike attention to the inven­
tion of practical applications we should arrive 
at our targets more quickly and, it is claimed as 
a bonus, more economically. Targeting is the 
new word. We need more targeted research, 
more mission-oriented science. And maybe less 
basic research-maybe considerably less. This 
is said to be the new drift. 

One trouble with this view is that it attributes 
to biology and medicine a much greater store of 
usable information with coherence and connect­
edness than actually exists. In real life, the bio­
medical sciences have not yet reached the stage 
of any kind of general applicability to disease 
mechanisms. In some respects we are like the 
physical science of the early 20th century, 
booming along into new territory but without an 
equivalent for the engineering of that time. It is 
possible that we may be on the verge of <level-

oping a proper applied science, but it has to be 
said that we don't have one yet. The important 
question before the policy-makers is whether 
this should be allowed to occur naturally as a 
matter of course t or whether it can be ordered 
up more quickly under the influence of man­
agement and money. 

There are risks. We may be asking for more 
of the kind of trouble with which we are already 
too familiar. There is a trap here that has en­
meshed medicine for all the millenia of its pro­
fessional existence. It has been our perpetual 
habit to try anything on the slimmest of 
chances, the thinnest hopes, empirically and 
wishfully. We have proven to ourselves over 
and over again that the approach doesn't work 
well. There is no question about our good inten­
tions in this matter; we all hanker, collectively, 
to become applied scientists as soon as we 
can-overnight, if possible. 

It takes some doing, however. Everyone for­
gets how long and hard the work must be before 
the really important applications become appli­
cable. The great contemporary achievement of 
modern medicine is the technology of control­
ling and preventing bacterial infection, but this 
did not fall into our laps with the appearance of 
penicillin and the sulfonamides. It had the be­
ginnings in the final quarter of last century, and 
decades of the most painstaking and demanding 
research were required before the etiology of 
pneumonia, scarlet fever, meningitis, and the 
rest could be worked out. Generations of ener­
getic and imaginative investigators exhausted 
their entire lives on the problems. It overlooks 
a staggering amount of basic research to say that 
modern medicine began with the era of anti­
biotics. 

We have to face, in whatever discomfort, 
the real possibility that the level of insight into 
the mechanisms of today's unsolved diseases­
schizophrenia, for instance, cancer, or stroke­
may be comparable to the situation for infec­
tious disease in I 875, with similarly crucial bits 
of information still unencountered. We could be 
that far away in the work to be done, if not in 
the years to be lived through. If this is the pros­
pect, or anything like this, all ideas about bet­
ter ways to speed things up should be given 
open-minded, close scmtiny. 

Long-range planning and organization on a 
national scale are obviously essential. There is 
nothing unfamiliar about this; indeed, we've 
been engaged in a coordinated national effort 
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for over two decades through the established 
processes of the National Institutes of Health. 
Today's question is whether the plans are sharp­
ly focussed enough, the organization sufficient­
ly tight. Do we need a new system of research 
management, with all the targets in clear dis­
play, at which we should aim? 

This would seem reassuring and tidy. There 
are some important disease problems where it 
has already been done effectively demonstrating 
that the direct, frontal approach does work. 
Polio is the most spectacular example. Once it 
had been learned (from basic research) that 
there were three antigenic types of virus and 
that they could be abundantly grown in tissue 
culture, it became a certainty that a vaccine 
could be made. Not to say that the job would be 
easy, or in need of any less rigor and sophisti­
cation than the previous research; simply that it 
could be done. Given the assumption that ex­
periments would be carried out with technical 
perfection, the vaccine was a sure thing. It was 
an elegant demonstration of how to organize 
applied science and for this reason it would 
have been a surprise if it had not succeeded. 

This is the element that distinguishes applied 
science from basic. Surprise is what makes the 
difference. When you are organized to apply 
knowledge, set up targets, and produce a usable 
product, you require a high degree of certainty 
from the outset. All the facts on which you base 
protocol must be recognisab)y hard facts with 
unambiguous meaning. The challenge is to plan 
the work and organize the workers so that it will 
come out precisely as predicted. For this, you 
need centralized authority, elaborately detailed 
time schedules, and some sort of reward system 
based on speed and perfection. But most of all 
you need the intelligible basic facts to begin 
with, and these must come from basic research. 
There is no other source. 

In basic research, everything is just the oppo­
site. What you need at the outset is a high de­
gree of uncertainty; otherwise it isn't likely to 
be an important problem. You start with an in­
complete roster of facts, characterized by their 
ambiguity; often the problem consists of discov­
ering the connections between unrelated pieces 
of information. You must plan experiments on 
the basis of probability, even bare possibility, 
rather than certainty. If an experiment turns out 
precisely as predicted, this can be very nice, but 
it is only a great event if at the same time it is a 
surprise. You can measure the quality of the 
work by the intensity of astonishment. The sur-

prise can be because it did turn out as predicted 
(in some lines of research, one percent is ac­
cepted as a high yield), or it can be confotind­
ment because the prediction was wrong and 
something totally unexpected turned up, chang­
ing the look of the problem and requiring a 
new kind of protocol. Either way you win. 

I believe, on hunch, that an inventory of our 
major disease problems based on this sort of 
classification would show a limited number of 
significant questions for which the predictable 
answers carry certainty. It might be a good idea, 
when Commissions go to work laying out long­
range plans for disease-oriented research, for 
these questions to be identified and segregated 
from all the rest, and the logic of operations re­
search should be invaluable for this. There will 
be disputing among the experts as to what is 
certain and what is not; perhaps the heat and du­
ration of dispute could be adapted for the mea­
surement of uncertainty. In any case, once a set 
of suitable questions becomes agreed upon, 
these can be approached by the most systematic 
methods of applied science. 

However, I have a stronger hunch that the 
greatest part of the important biomedical re­
search waiting to be done is in the class of basic 
science. There is an abundance of interesting 
facts relating to all of our major diseases, and 
more items of information arc coming in steadi­
ly from all quarters of biology. The new mass 
of knowledge is still formless, incomplete, 
lacking the essential threads of connection, dis­
playing misleading signals at every turn, riddled 
with blind alleys. There are fascinating ideas all 
over the place, irresistible experiments beyond 
numbering, all sorts of new ways into the maze 
of problems. But every next move is unpredict­
able, every outcome uncertain. It is a puzzling 
time, but a very good time. 

I am, as I've indicated, an unqualified opti­
mist about the future of medicine provided that 
we can keep the science going, and going in the 
right directions. One mistake which we could 
make, if we are unlucky, is to cut back the fi­
nancial support of research to such an extent 
that we begin to lose the critical mass of good 
minds required for the job. Somehow, I doubt 
that this is going to happen. I believe that the 
biological revolution of the past 20 years has 
launched us on one of the really great events 
in human history, and I do not see how this can 
be turned off or turned back even though the 
pace can be slowed by lack of adequate support. 
The events that lie ahead are, it seems to me, 
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absolutely inevitable. You cannot accumulate 
information of such power and profundity about 
the' life of cells and tissues without uncovering 
the-,mechanisms of disease at the same time, 
and this is what I believe is beginning to hap­
pen. We are going to learn our way around dis­
ease, sooner or later, and this is a new fact of 
life. 

We can make a worse mistake, and delay 
things for a longer time, by planning the science 
in the wrong way. If you begin by making the 
assumption that we know more than we really 
do, and are ready for full-scale applied science 
across the board, you can turn off all progress. 
I hope this will not happen in cancer research 
where almost all of the really important and in­
teresting problems are matters of high uncer­
tainty awaiting surprise answers. To be sure, 
there are a few areas of cancer ready for cen­
trally planned applied science-the chemother-

apy and radiation treatment of Hodgkin's dis­
ease and lymphomas provide good examples of 
this-but the major part of cancer research is 
still at the frontier of the unknown and has to 
be regarded as basic science. The same thing 
can be said for the problem of chronic nephritis 
and renal failure, for heart disease, stroke, mul­
tiple sclerosis, rheumatoid arthritis, schizophre­
nia, and all the rest. 

The huge difference between our situation 
today and that of IO years ago, or even 5 years 
ago, is that these all seemed then to be impene­
trable mysteries and today we can see paths 
leading to what we think might turn out to be 
the center in each of them. They are now ap­
proachable and are soluble. That is the great 
challenge that has occurred in these last few 
years. The mechanisms of disease are soluble 
problems and now it is a matter of time. 
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Erwin Chargall 1w1s horn i11 Austria i11 /905 and moved to the United .S'rares in /928. He ha.,· made signifi,
ca11/ 

co11trib11tio11.1· to the field r�/' bioc:/1emistry. Amo11g them are the discovery of the base /J(lirillK re!f11/arities i11 DNA a11d 
the de111011.1·tratio11 of the existe11c:e o

f 

dijfere111 deoxyribo1111c/eic acids i11 dijfae111 biolo!firnl species. ChargaJJ; 1vho 
has receivt'd many ho11ors, i.1· currently a pro}i'.uor cmcri111.1· at Columbia U11iversity. He c:o-edited the three-vo/11111e 

work The Nucleic Acids. 
Stanley Cohen, a molecular ge11eticist, i.1· professor and chair111a11 of the Depart111e11t ofGe11etics al the Sra11ford 

University School o
f 

Medici11e. /,r 1973, he a11d his colleagues reported the }int .1·11ccenji,! ge11e tn111.1pla11tatio11 
experime111s. Cohe11 ,vas also a me111her o

f 

the Narirmal Arnde111y of Scie11ces' committee tlwtjint c:alledji,r a JH111.1·e in 
certai11 types o

f 

recoml>i11a111 DNA studies. 
The ji,/!owi11g two short articles reflect the depth of the di.rngreeme/11 in the scie11tific co111m1111ity .rnrro1111di11g 

recombinant DNA research. Char1;ajf ji111/s .rnch research dm1gero11s, and laments that "our time is cursed with the 
necessity jiJrjeeble 1111:11, ma.1·q11er111/i11g m experts, to make e11ormo11sly far-reaching decisiom. ·' He asks, · 'ls there 
a11ythi11g more Ji1r-reachi11g 1ha11 the creario11 of 11ew forms of li}e?'' He questions the wisdom of c011111eracri11/./ irre-
1'<'1'.l'ihly through c:erwin type.,· r!f'reco111bi11a111 DNA re.,·earch "the evo/111io11ary wisdo111 of111illio11s of years, i11 order 
to .mtisfy the a111hitio11 and the rnriosity o

f 

a few scie111is1.1·." "My gc11erntio11," he co11c/11de.1·, "or perhaps the 011e 
precedin1; mine, ha.,· been the first to e111;age, under the leadership of the exact sciences, in a destructive colonial \Var­

jill'e against nature. The fulllre ivi/1 curse 11.1-Jt1r it." 
Cohen, 011 the othl'r hand, is quite optimi.\'lic aho111 the bellljit.1· to be reapedji-0111 recombinant DNA re.l'earch. 

"U.l'e of r<:eo111bim1111 DNA technique.I' has provided k1101V/edge ah<illl ho\V genes are organized imo c/1ro111osomes 
/1/UI how expression is conrrolled. With such k1101V/edge we can begin to /eam ho\V d�fect.1· in the strucrure of .rnch 
/./enes a/ta 1heirji1nctio11." To C/wrgaff's 1vami11/,/ about cou111emc1ing the e\'0/11rionary 1Visdom of1111t11re, Cohen 

retorts that "it i.l' this so-rnlled e\'0/utionary wi.w/0111 that gave 11.1· rhe gene combinariom Ji1r bubonic plague, 
smallpox, yellow fever, ryphoid, polio, diabetes, and cancer." He concludes that "we 11111.1·1 then examine the 'he11efit' 
side of the pic111re -agaimt the vague fear o

f 

the unknown that has in my opinion been the focal point o
f 

this contro­
versy." 

On the dangers of genetic meddling 
ERWIN CHARGAFF 

A bizarre problem is posed by recent attempts 
to make so-called genetic engineering palatable 
to the public. Presumably because they were 
asked to establish "guidelines," the National 
Institutes of Health have permitted themselves 
to be dragged into a controversy with which 
they should not have had anything to do. Per­
haps such a request should have been addressed 
to the Department of Justice. Out I doubt that 
they would have wanted to become involved 
with second-degree molecular biology. 

Although I do not think that a terrorist organi­
zation ever asked the Federal Bureau of Inves­
tigation to establish guidelines on the proper 
conduct of bombing experiments. I do not 
doubt what the answer would have been; name­
ly, that they ought to refrain from doing any­
thing unlawful. This also applies to the case 
under discussion: no smokescreen, neither P3 
nor P4 containment facilities, can absolve an 
experimenter from having injured a fellow be-

□ From Science, 192, 4 June 1976, pp. 938-940. Copy­
right 1976 by the American Association for the Advance­
ment of Science. 

ing. I set my hope in the cleaning women and 
the animal attendants employed in laboratories 
playing games with "recombinant DNA"; in 
the law profession, which ought to recognize a 
golden opportunity for biological malpractice 
suits; and in the juries that dislike all forms of 
doctors. 

In pursuing my quixotic undertaking-fight­
ing windmills with an M.D. degree-I shall 
start with the cardinal folly, namely, the choice 
of Escherichia coli as the host. Permit me to 
quote from a respected textbook of microbiol­
ogy: "E. coli is referred to as the 'colon ba­
cillus' because it is the predominant facultative 
species in the large bowel.'' 1 In fact, we harbor 
several hundred different varieties of this useful 
microorganism. It is responsible for few infec­
tions but probably for more scientific papers 
than any other living organism. If our time feels 
called upon to create new forms of living 
cells-forms that the world has presumably 
not seen since its onset-why choose a microbe 

1 !3. D. Davis, R. Dulbccco, H. N. Eisen, ct al., Microbiol­
ogy (New York: Harper & Row, Publishers, Inc., 1967), 
p. 769. 
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that has cohabited, more or less happily, with 
us, for a very long time indeed? The answer is 
that we know so rnuch more about E. coli than 
about ,inything else, including ourselves. But is 
this a valid answer? Take your time, study dili­
gently, and you will eventually learn a great 
deal about organisms that cannot live in men or 
animals. There is no hurry, there is no hurry 
whatever. 

Here I shall be interrupted by many col­
leagues who assure me that they cannot wait 
any longer, that they are in a tremendous hurry 
to help suffering humanity. 'Without doubting 
the purity of their motives, I must say that no­
body has, to my knowledge, set out clearly how 
he plans to go about curing everything from 
alkaptonuria to Zenker's degeneration, let alone 
replacing or repairing our genes. But screams 
and empty promises fill the air. "Don't you 
want cheap insulin? Would you not like to have 
cereals get their nitrogen from the air? And how 
about green man photosynthesizing his nourish­
ment: 10 minutes in the sun for breakfast, 30 
minutes for lunch, and I hour for dinner?" 
Well, maybe Yes, maybe No. 

If Dr. Frankenstein must go on producing his 
little biological monsters-and I deny the ur­
gency and even the compulsion-why pick£. 
coli as the womb? This is a field where every 
experiment is a "shotgun experiment," not 
only those so designated; and who knows what 
is really being implanted into the DNA of the 
plasmids which the bacillus will continue multi­
plying to the end of time? And it will eventually 
get into human beings and animals despite all 
the precautions of containment. What is inside 
will be outside. Herc I am given the assurance 
that the work will be done with enfeebled lamb­
da and with modified, defective£. coli strains 
that cannot live in the intestine. But how about 
the exchange of genetic material in the gut? 
How can we be sure what would happen once 
the little beasts escaped from the laboratory? 
Let me quote once more from the respected 
textbook: "Indeed, the possibility cannot be 
dismissed that genetic recombination in the in­
testinal tract may even cause harmless enteric 
bacilli occasionally to become virulent.' ' 2 I am 
thinking, however, of something much worse 
than virulence. We are playing with hotter fires. 

It is not surprising, but it is regrettable that 
the groups that entrusted themselves with the 

2. Davis, Dulb.:cco, Eisen, ct al., p. 769. 

formulation of "guidelines," as well as the sev­
eral advisory committees, consisted exclusive­
ly, or almost exclusively, of advocates of this 
form of genetic experimentation. What seems 
to have been disregarded completely is that we 
are dealing here much more with an ethical 
problem than with one in public health, and 
that the principal question to be answered is 
whether we have the right to put an additional 
fearful load on generations that arc not yet born. 
I use the adjective "additional" in view of the 
unresolved and equally fearful problem of the 
disposal of nuclear waste. Our time is cursed 
with the necessity for feeble men, masquerad­
ing as experts, to make enormously far-reach­
ing decisions. Is there anything more far­
reaching than the creation of new forms of 
life? 

Recognizing that the National Institutes of 
Health are not equipped to deal with a dilemma 
of such import, I can only hope against hope 
for congressional action. One could, for in­
stance, envision the following steps: (i) a com­
plete prohibition of the use of bacterial hosts 
that are indigenous to man; (ii) the creation of 
an authority, truly representative of the popula­
tion of this country, that would support and li­
cense research on less objectionable hosts and 
procedures; (iii) all forms of "genetic engineer­
ing" remaining a federal monopoly; (iv) all re­
search eventually being carried out in one place, 
such as Fort Detrick. It is clear that a morato­
rium of some sort will have to precede the erec­
tion of legal safeguards. 

But beyond all this, there arises a gen­
eral problem of the greatest significance, 
namely, the awesome irreversibility of what is 
being contemplated. You can stop splitting the 
atom; you can stop visiting the moon; you can 
stop using aerosols; you may even decide not 
to kill entire populations by the use of a few 
bombs. But you cannot recall a new form of 
life. Once you have constructed a viable£. coli

cell carrying a plasmid DNA into which a piece 
of eukaryotic DNA has been spliced, it will 
survive you and your children and your chil­
dren's children. An irreversible attack on the 
biosphere is something so unheard-of, so un­
thinkable to previous generations, that I could 
only wish that mine had not been guilty of it. 
The hybridization of Prometheus with Hero­
stratus is bound to give evil results. 

Most of the experimental results published so 
far in this field are actually quite unconvincing. 
We understand very little about eukaryotic 
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DNA. 3 The significance of spacer regions, 
repetitive sequences, and, for that matter, of 
heterochrornatin� is not yet fully understood. It 
appears that the recombination experiments in 
which a piece of animal DNA is incorporated 
into the DNA of a microbial plasmid are being 
performed without a full appreciation of what is 
going on. Is the position of one gene with re­
spect to its neighbors on the DNA chain acci­
dental or do they control and regulate each 
other? Can we be sure-to mention one fantas­
tic improbability-that the gene for a given pro­
tein hormone, operative only in certain special­
ized cells, does not become carcinogenic when 
introduced naked into the intestine? Are we 
wise in getting ready to mix up what nature has 
kept apart, namely the genomes of eukaryotic 
and prokaryotic cells?" 

3. Eukaryotic DNA is the DNA of higher organisms which 
are composed of cells with nuclei-for example, animal 
DNA. [ed. note] 
4. Heterochromatin is a kind of chromatin. Chromatin is the 
material of which chromosomes are made. [ed. note] 
5. Prokaryotic cells arc cells with no nuclei. All bacteria arc 
prokaryotcs. [ed. note] 

The worst is that we shall never know. Bac­
teria and viruses have always formed a most ef­
fective biological underground. The guerilla 
warfare through which they act on higher forms 
of life is only imperfectly understood. By add­
ing to this arsenal freakish forms of life-pro­
karyotes propagating eukaryotic genes-we 
shall be throwing a veil of uncertainties over the 
life of corning generations. Have we the right 
to counteract, irreversibly, the evolutionary 
wisdom of millions of years, in order to satisfy 
the ambition and the curiosity of a few scien­
tists? 

This world is given to us on loan. We come 
and we go; and after a time we leave earth and 
air and water to others who come after us. My 
generation, or perhaps the one preceding mine, 
has been the first to engage, under the leader­
ship of the exact sciences, in a destructive colo­
nial warfare against nature. The future will 
curse us for it. 

Recombinant DNA: fact and fiction 

STANLEY N. COHEN 

Almost 3 years ago, I joined with a group of 
scientific colleagues in publicly calling atten­
tion to possible biohazards of certain kinds of 
experiments that could be carried out with new­
ly developed techniques for the propagation of 
genes from diverse sources in bacteria ( 1 ). Be­
cause of the newness and relative simplicity of 
these techniques (2), we were concerned that 
experiments involving certain genetic combina­
tions that seemed to us to be hazardous might be 
performed before adequate consideration had 
been given to the potential dangers. Contrary to 
what was believed by many observers, our con­
cerns pertained to a few very specific types of 

D From Science, 195, 18 February 1977, pp. 654-657. 
Copyright 1977 by the American Association for the Ad­
vancement of Science. 

experiments that could be carried out with the 
new techniques, not to the techniques them­
selves. 

Guidelines have long been available to pro­
tect laboratory workers and the general public 
against known hazards associated with the han­
dling of certain chemicals, radioisotopes, and 
pathogenic microorganisms; but because of the 
newness of recombinant DNA techniques, no 
guidelines were yet available for this research. 
My colleagues and I wanted to be sure that these 
new techniques would not be used, for exam­
ple, for the construction of streptococci or 
pneumococci resistant to penicillin, or for the 
creation of Escherichia coli capable of synthe­
sizing botulinum toxin or diphtheria toxin. We 
asked that these experiments not be done, and 
also called for deferral of construction of bac-
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terial recombinants contammg tumor virus 
genes until the implications of such experiments 
could be given further consideration. 

Dtiring the past 2 years, much fiction has 
been written about "recombinant DNA re­
search." What began as an act of responsibility 
by scientists, including a number of those in­
volved in the development of the new tech­
niques, has become the breeding ground for a 
horde of publicists-most poorly informed, 
some well-meaning, some self-serving. In this 
article I attempt to inject some relevant facts 
into the extensive public discussion of recombi­
nant DNA research. 

SOME BASIC INFORMATION 

Recombinant DNA research is not a single 
entity, but rather it is a group of techniques that 
can be used for a wide variety of experiments. 
Much confusion has resulted from a lack of un­
derstanding of this point by many who have 
written about the subject. Recombinant DNA 
techniques, like chemicals on a shelf, are nei­
ther good nor bad per se. Certain experiments 
that can be done with these techniques are likely 
to be hazardous (just as certain experiments 
done with combinations of chemicals taken 
from the shelf will be hazardous), and there is 
universal agreement that such recombinant 
DNA experiments should not be done. Other 
experiments in which the very same techniques 
arc used-such as taking apart a DNA molecule 
and putting segments of it back together 
again-are without conceivable hazard, and 
anyone who has looked into the matter has con­
cluded that these experiments can be done with­
out concern. 

Then, there is the area "in between." For 
many experiments, there is no evidence of bio­
hazard, but there is also no certainty that there 
is not a hazard. For these experiments, guide­
lines have been developed in an attempt to 
match a level of containment with a degree of 
hypothetical risk. Perhaps the single point that 
has been most misunderstood in the controver­
sy about recombinant DNA research, is that dis­
cussion of "risk" in the middle category of ex­
periments relates entirely to hypothetical and 
speculative possibilities, not expected conse­
quences or even phenomena that seem likely to 
occur on the basis of what is known. Unfortu­
nately, much of the speculation has been inter­
preted as fact. 

There is nothing novel about the principle of 
matching a level of containment with the level 

of anticipated hazard; the containment proce­
dures used for pathogenic bacteria, toxic sub­
stances, and radioisotopes attempt to do this. 
However, the containment measures used in 
these areas address themselves only to known 
hazards and do not attempt to protect against the 
unknown. If the same principle of protecting 
only against known or expected hazards were 
followed in recombinant DNA research, there 
would be no containment whatsoever except for 
a very few experiments. In this instance, we arc 
asking not only that there be no evidence of haz­
ard, but that there be positive evidence that 
there is no hazard. In developing guidelines for 
recombinant DNA research, we have attempted 
to take precautionary steps to protect ourselves 
against hazards that are not known to exist­
and this unprecedented act of caution is so novel 
that it has been widely misinterpreted as imply­
ing the imminence or at least the likelihood of 
danger. 

Much has been made of the fact that even if a 
particular recombinant DNA molecule shows 
no evidence of being hazardous at the present 
time, we are unable to say for certain that it 
will not devastate our planet some years hence. 
Of course this view is correct; similarly, we are 
unable to say for certain that the vaccines we 
are administering to millions of children do not 
contain agents that will produce contagious can­
cer some years hence, we are unable to say for 
certain that a virulent virus will not be brought 
to the United States next winter by a traveler 
from abroad, causing a nationwide fatal epi­
demic of a hitherto unknown disease-and we 
are unable to say for certain that novel hybrid 
plants being bred around the world will not sud­
denly become weeds that will overcome our 
major food crops and cause worldwide famine. 

The statement that potential hazards could re­
sult from certain experiments involving recom­
binant DNA techniques is akin to the statement 
that a vaccine injected today into millions of 
people could lead to infectious cancer in 30 
years, a pandemic caused by a traveler-borne 
virus could devastate the United States, or a 
new plant species could uncontrollably destroy 
the world's food supply. We have no reason to 
expect that any of these things will happen, but 
we are unable to say for certain that they will 
not happen. Similarly, we are unable to guar­
antee that any of man's efforts to influence the 
earth's weather, explore space, modify crops, 
or cure disease will not carry with them the 
seeds for the ultimate destruction of civiliza-
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tion. Can we in fact point to one major area of 
human activity where one can say for _certain 
that there is zero risk? Potentially, we could re­
spond to such risks by taking measures such as 
prohibiting foreign travel to reduce the hazard 
of deadly virus importation and stopping experi­
mentation with hybrid plants. It is possible to 
develop plausible "scare scenarios" involving 
virtually any activity or process, and these 
would have as much (or as little) basis in fact 
as most of the scenarios involving recombinant 
DNA. But we must distinguish fear of the un­
known from fear that has some basis in fact; this 
appears to be the crux of the controversy sur­
rounding recombinant DNA. 

Unfortunately, the public has been led to be­
lieve that the biohazards described in various 
scenarios are likely or probably outcomes of re­
cornbinant DNA research. ''If the scientists 
themselves are concerned enough to raise the 
issue," goes the fiction, "the problem is prob­
ably much worse than anyone will admit.'' 
However, the simple fact is that there is no evi­
dence that a bacterium carrying any recombi­
nant DNA molecule poses a hazard beyond the 
hazard that can be anticipated from the known 
properties of the components of the recombi­
nant. And experiments involving genes that 
produce toxic substances or pose other known 
hazards are prohibited. 

nmEDOM OF SCIENTIFIC INQUIRY 

This issue has been raised repeatedly during 
discussions of recombinant DNA research. 
"The time has come," the critics charge, "for 
scientists to abandon their long-held belief that 
they should be free to pursue the acquisition of 
new knowledge regardless of the conse­
quences." The fact is that no one has proposed 
that freedom of inquiry should extend to scien­
tific experiments that endanger public safety. 
Yet, "freedom of scientific inquiry" is re­
peatedly raised as a straw-man issue by critics 
who imply that somewhere there are those who 
argue that there should be no restraint whatso­
ever on research. 

Instead, the history of this issue is one of self­
imposed restraint by scientists from the very 
start. The scientific group that first raised the 
question of possible hazard in some kinds of re­
combinant DNA experiments included most of 
the scientists involved in the development of the 
techniques-and their concern was made public 
so that other investigators who might not have 
adequately considered the possibility of hazard 

could exercise appropriate restraint. While most 
scientists would defend their right to freedom of 
scientific thought and discourse, I do not know 
of anyone who has proposed that scientists 
should be free to do whatever experiments they 
choose regardless of the consequences. 

INTERFERENCE WITH 
"EVOLUTIONARY WISDOM" 

Some critics of recombinant DNA research 
ask us to believe that the process of evolution 
of plants, animals, and microbes has remained 
delicately controlled for millions of years, and 
that the construction of recombinant DNA mol­
ecules now threatens the master plan of evolu­
tion. Such thinking, which requires a belief that 
nature is endowed with wisdom, intent, and 
foresight, is alien to most post-Darwinian biolo­
gists ( 3). Moreover, there is no evidence that 
the evolutionary process is delicately controlled 
by nature. To the contrary, man has long ago 
modified the process of evolution, and biologi­
cal evolution continues to be influenced by 
man. Primitive man's domestication of animals 
and cultivation of crops provided an ''unnatu­
ral'' advantage to certain biological species and 
a consequent perturbation of evolution. The 
later creation by man of hybrid plants and ani­
mals has resulted in the propagation of new 
genetic combinations that are not the products 
of natural evolution. In the microbiological 
world, the use of antimicrobial agents to treat 
bacterial infections and the advent of mass im­
munization programs against viral disease has 
made untenable the thesis of delicate evolu­
tionary control. 

A recent letter ( 4) that has been widely 
quoted by critics of recombinant DNA research 
asks, "Have we the right to counteract irrever­
sibly the evolutionary wisdom of millions of 
years ... ?'' It is this so-called evolutionary 
wisdom that gave us the gene combinations for 
bubonic plague, smallpox, yellow fever, ty­
phoid, polio, diabetes, and cancer. It is this 
wisdom that continues to give us uncontrollable 
diseases such as Lassa fever, Marburg virus, 
and very recently the Marburg-related hemor­
rhagic fever virus, which has resulted in nearly 
100 percent mortality in infected individuals in 
Zaire and the Sudan. The acquisition and use of 
all biological and medical knowledge consti­
tutes an intentional and continuing assault on 
evolutionary wisdom. Is this the "warfare 
against nature'' that some critics fear from re­
combinant DNA? 
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HOW ABOUT THE BENEFITS? 

For all but a very few experiments, the risks 
of recombinant DNA research are speculative. 
Are the benefits equally speculative or is there 
some factual basis for expecting that benefits 
will occur from this technique? I believe that 
the anticipation of benefits has a substantial ba­
sis in fact, and that the benefits fall into two 
principal categories: (i) advancement of funda­
mental scientific and medical knowledge, and 
(ii) possible practical applications.

In the short space of 3 ½ years, the use of the
recombinant DNA technology has already been 
of major importance in the advancement of fun­
damental knowledge. We need to understand 
the structure and function of genes, and this 
methodology provides a way to isolate large 
quantities of specific segments of DNA in pure 
form. For example, recombinant DNA method­
ology has provided us with much information 
about the structure of plasmids that cause anti­
biotic resistance in bacteria, and has given us 
insights into how these elements propagate 
themselves, how they evolve, and how their 
genes are regulated. In the past, our inability 
to isolate specific genetic regions of the chro­
mosomes of higher organisms has limited our 
understanding of the genes of complex cells. 
Now use of recombinant DNA techniques has 
provided knowledge about how genes are orga­
nized into chromosomes and how gene expres­
sion is controlled. With such knowledge we can 
begin to learn how defects in the structure of 
such genes alter their function. 

On a more practical level, recombinant DNA 
techniques potentially permit the construction 
of bacterial strains that can produce biologically 
important substances such as antibodies and 
hormones. Although the full expression of 
higher organism DNA that is necessary to ac­
complish such production has not yet been 
achieved in bacteria, the steps that need to be 
taken to reach this goal are defined, and we can 
reasonably expect that the introduction of ap­
propriate "start" and "stop" control signals 
into recombinant DNA molecules will enable 
the expression of animal cell genes. On an even 
shorter time scale, we can expect recombinant 
DNA techniques to revolutionize the production 
of antibiotics, vitamins, and medically and in­
dustrially useful chemicals by eliminating the 
need to grow and process the often exotic bac­
terial and fungal strains cun-ently used as 
sources for such agents. We can anticipate the 
constrnction of modified antimicrobial agents 

that are not destroyed by the antibiotic inactivat­
ing enzymes responsible for drug resistance in 
bacteria. 

In the area of vaccine production, we can 
anticipate the construction of specific bacterial 
strains able to produce desired antigenic prod­
ucts, eliminating the present need for immuni­
zation with killed or attenuated specimens of 
disease-causing viruses. 

One practical application of recombinant 
DNA technology in the area of vaccine produc­
tion is already close to being realized. An E.

coli plasmid coding for an enteric toxin fatal to 
livestock has been taken apart, and the toxin 
gene has been separated from the remainder of 
the plasmid. The next step is to cut away a small 
segment of the toxin-producing gene so that the 
substance produced by the resulting gene in E.

coli will not have toxic properties but will be 
immunologically active in stimulating antibody 
production. 

Other benefits from recombinant DNA re­
search in the areas of food and energy produc­
tion are more speculative. However, even in 
these areas there is a scientific basis for expect­
ing that the benefits will someday be realized. 
The limited availability of fertilizers and the po­
tential hazards associated with excessive use of 
nitrogen fertilizers now limits the yields of 
grain and other crops, but agricultural experts 
suggest that transplantation of the nitrogenase 
system from the chromosomes of certain bac­
teria into plants or into other bacteria that live 
symbiotically with food crop plants may elimi­
nate the need for fertilizers. For many years, 
scientists have modified the heredity of plants 
by comparatively primitive techniques. Now 
there is a means of doing this with greater pre­
cision than has been possible previously. 

Certain algae are known to produce hydro­
gen from water, using sunlight as energy. This 
process potentially can yield a virtually limitless 
source of pollution-free energy if technical and 
biochemical problems indigenous to the known 
hydrogen-producing organisms can be solved. 
Recombinant DNA techniques offer a possible 
means of solution to these problems. 

It is ironic that some of the most vocal oppo­
sition to recombinant DNA research has come 
from those most concerned about the environ­
ment. The ability to manipulate microbial genes 
offers the promise of more effective utilization 
of renewable resources for mankind's food and 
energy needs; the status quo offers the prospect 
of progressive and continuing devastation of the 
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environment. Yet, some environmentalists have 
been misled into taking what I believe to be an 
anticnvironmental position on the issue of re­
combinant DNA. 

THE NIH GUIDELINES 

Even if hazards are speculative and the po­
tential benefits are significant and convincing, 
wouldn't it still be better to carry out recom­
binant DNA experiments under conditions that 
provide an added measure of safety-just in 
case some of the conjectural hazards prove to 
be real? 

This is exactly what is required under the 
NIH (National Institutes of Health) guidelines 
(5) for recombinant DNA research:

I) These guidelines prohibit experiments in
which there is some scientific basis for antici­
pating that a hazard will occur. In addition, 
they prohibit experiments in which a hazard, 
although it might be entirely speculative, was 
judged by NIH to be potentially serious enough 
to warrant prohibition of the experiment. The 
types of experiment that were the basis of the 
initial ''moratorium'' are included in this cate­
gory; contrary to the statements of some who 
have written about recombinant DNA research, 
there has in fact been no lifting of the original 
restrictions on such experiments. 

2) The NIH guidelines require that a large
class of other experiments be carried out in P4 
(high level) containment facilities of the type 
designed for work with the most hazardous 
naturally occurring microorganisms known to 
man (such as Lassa fever virus, Marburg virus, 
and Zaire hemorrhagic fever virus). It is diffi­
cult to imagine more hazardous self-propagat­
ing biological agents than such viruses, some of 
which lead to nearly I 00 percent mortality in 
infected individuals. The P4 containment re­
quires a specially built laboratory with airlocks 
and filters, biological safety cabinets, c1othing 
changes for personnel, autoclaves within the fa­
cility, and the like. This level of containment 
is required for recombinant DNA experiments 
for which there is at present no evidence of haz­
ard, but for which it is perceived that the haz­
ard might be potentially serious if conjectural 
fears prove to be real. There are at present only 
four or five installations in the United States 
where P4 experiments could be carried out. 

3) Experiments associated with a still lesser
degree of hypothetical risk can be conducted in 
P3 containment facilities. These are also spe­
cially constructed laboratories requiring double 

door entrances, negative air pressure, and spe­
cial air filtration devices. Facilities where P3 
experiments can be performed are limited in 
number, but they exist at some universities. 

4) Experiments in which the hazard is con­
sidered unlikely to be serious even if it occurs 
still require laboratory procedures (P2 contain­
ment) that have for years been considered suf­
ficient for research with such pathogenic bac­
teria as Salmonella typhosa, Clostridium botu­
linum, and.Cholera vibrio. The NIH guidelines 
require that P2 facilities be used for work with 
bacteria carrying interspecies recombinant 
DNA molecules that have shown no evidence of 
being hazardous-and even for some recombi­
nant DNA experiments in which there is sub­
stantial evidence of lack of hazard. 

5) The P 1 (lowest) level of containment can
be used only for recombinant DNA molecules 
that potentially can be made by ordinary biolog­
ical gene exchange in bacteria. Conformity to 
even this lowest level of containment in the lab­
oratory requires decontamination of work sur­
faces daily and after spills of biological materi­
als, the use of mechanical pipetting devices or 
cotton plugged pipettes by workers, a pest con­
trol program, and decontamination of liquid and 
solid waste leaving the laboratory. 

In other areas of actual or potential biological 
hazard, physical containment is all that micro­
biologists have had to rely upon; if the Lassa 
fever virus were to be released inadvertently 
from a P4 facility, there would be no further 
barrier to prevent the propagation of this virus 
which is known to be deadly and for which no 
specific therapy exists. However, the NIH 
guidelines for recombinant DNA research have 
provided for an additional level of safety for 
workers and the public: This is a system of 
biological containment that is designed to re­
duce by many orders of magnitude the chance 
of propagation outside the laboratory of micro­
organisms used as hosts for recombinant DNA 
molecules. 

An inevitable consequence of these contain­
ment procedures is that they have made it diffi­
cult for the public to appreciate that most of the 
hazards under discussion are conjectural. Be­
cause in the past, governmental agencies have 
often been slow to respond to clear and definite 
dangers in other areas of technology, it has been 
inconceivable to scientists working in other 
fields and to the public at large that an extensive 
and costly federal machinery would have been 
established to provide protection in this area of 
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research unless severe hazards were known to 
exist. The fact that recombinant DNA research 
has r,rompted international meetings, extensive 
coverage in' the news media, and governmental 
interv·ention at the federal level has been per­
ceived by the public as prima facie evidence 
that this research must be more dangerous than 
all the rest. The scientific community's re­
sponse has been to establish increasingly elabo­
rate procedures to police itself-but these very 
nets of scientific caution and responsibility have 
only served to perpetuate and strengthen the 
general belief that the hazards under discussion 
must be clear-cut and imminent in order for 
such steps to be necessary. 

It is worth pointing out that despite predic­
tions of imminent disaster from recombinant 
DNA experiments, the fact remains that during 
the past 3½ years, many billions of bacteria 
containing a wide variety of recombinant DNA 
molecules have been grown and propagated in 
the United States and abroad, incorporating 
DNA from viruses, protozoa, insects, sea ur­
chins, frogs, yeast, mammals, and unrelated 
bacterial species into£. coli, without hazardous 
consequences so far as I am aware. And the 
majority of these experiments were carried out 
prior to the strict containment procedures speci­
fied in the current federal guidelines. 

Despite the experience thus far, it will al ways 
be valid to argue that recombinant DNA mole­
cules that seem safe today may prove hazardous 
tomorrow. One can no more prove the safety of 
a particular genetic combination under all imag­
inable circumstances than one can prove that 
currently administered vaccines do not contain 
an undetected self-propagating agent capable of 
producing cancer in the future, or that a hybrid 
plant created today will not lead to disastrous 
consequences some years hence. No matter 
what evidence is collected to document the 
safety of a new therapeutic agent, a vaccine, a 
process, or a particular kind of recombinant 
DNA molecule, one can always conjure up the 
possibility of future hazards that cannot be dis­
proved. When one deals with conjecture, the 
number of possible hazards is unlimited; the ex­
periments that can be done to establish the ab­
sence of hazard are finite in number. 

Those who argue that we should not use re­
combinant DNA techniques until or unless we 
are absolutely certain that there is zero risk fail 
to recognize that no one will ever be able to 

guarantee total freedom from risk in any signifi­
cant human activity. All that we can reasonably 
expect is a mechanism for dealing responsibly 
with hazards that are known to exist or which 
appear likely on the basis of information that is 
known. Beyond this, we can and should exer­
cise caution in any activity that carries us into 
previously uncharted territory, whether it is 
recombinant DNA research, creation of a new 
drug or vaccine, or bringing a spaceship back 
to Earth from the moon. 

Today, as in the past, there are those who 
would like to think that there is freedom from 
risk in the status quo. However, humanity con­
tinues to be buffeted by ancient and new dis­
eases, and by malnutrition and pollution; re­
combinant DNA techniques offer a reasonable 
expectation for a partial solution to some of 
these problems. Thus, we must ask whether we 
can afford to allow preoccupation with and con­
jecture about hazards that are not known to ex­
ist, to limit our ability to deal with hazards that 
do exist. Is there in fact greater risk in proceed­
ing judiciously, or in not proceeding at all? We 
must ask whether there is any rational basis for 
predicting the dire consequences of recombi­
nant DNA research portrayed in the scenarios 
proposed by some. We must then examine the 
''benefit'' side of the picture and weigh the al­
ready realized benefits and the reasonable ex­
pectation of additional benefits, against the 
vague fear of the unknown that has in my opin­
ion been the focal point of this controversy. 
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Sex control, science and society 
AMITAI ETZIONI 

■ Amitai Etzioni is a11 educator a11d a sociologist. Ile developed orga11izatio11al analysis, a typology based 011 means 
used to comrol participa11ts i11 orga11izario11.1· a11d how orga11izatio11s change, survive, a11d are integrated imo larger
social u11its. lie is Professor of Sociology, a11d chairman of the sociology department, at Columbia University. r1mo11g
his books are The Active Society and Social Problems.

!11 the following selection Ji-om Genetic Fix, another o
f 

his books, Etzioni is concerned about the freedom o
f 

scientific research i11 this age of technological innovations. lie asks: ''Are there any cirrnmstances under which the 
societal well-being justifies so111e li111itatio11 011 the .fi'eedom of research?" To make this i.n-ue more rnncrete, he 
j<,c11.1·es 011 the prob/e111 of sex control. Technology 111ay in the Jiau re ajf,ml parents the choice of the sex of their 

riO�pring. The /Jene.fits of such an opportunity are obvious. The hannfu! e_f/'ects are numemus. Given our societal 
values, parents would tend to }<1vor having boys. The accumulative e.ffect of the resulting sex imbalance in society 
would have social, ethical, and political ramijicatio11s o

f 

great signi.firnnce. Society would not collapse, but, asks 
Etzio11i, "Are the costs justified?" 

lie does not thi11k so. lie co11c/11de.1· that ''what may have to be considered now is a more preventive and more 
11atio11a/ e.ffective guida11ce, one that would discourage the development of those tech110/ogies which, studies would 
suggest, are likely to cause signijicallfly 111ore damage than pay<>JJ:1·." 

Using various techniques developed as a 
result of fertility research, scientists are experi­
menting with the possibility of sex control, the 
ability to determine whether a newborn infant 
will be a male or a female. So far, they have 
reported considerable success in their experi­
ments with frogs and rabbits, whereas the suc­
cess of experiments with human sperm appears 
to be quite limited, and the few optimistic re­
ports seem to be unconfirmed. Before this new 
scientific potentiality becomes a reality, several 
important questions must be considered. What 
would be the societal consequences of sex con­
trol? If they are, on balance, undesirable, can 
sex control be prevented without curbing the 
freedoms essential for scientific work? The sci­
entific ethics already impose some restraints on 
research to safeguard the welfare and privacy of 
the researched population. Sex control, how­
ever, might affect the whole society. Are there 
any circumstances under which the societal 
well-being justifies some limitation on the free­
dom of research? These questions apply, of 
course, to many other areas of scientific in­
quiry, such as work on the biological code and 
the experimental use of behavior and thought­
modifying drugs. Sex control provides a useful 
opportunity for discussion of these issues be­
cause it presents a relatively "low-key" prob­
lem. Success seems fairly remote, and, as we 

D From Science, 161, 13 September 1968, pp. 1107-1112. 
Copyright 1968 by the American Association for the Ad­
vancement of Science. 

shall see, the deleterious effects of widespread 
sex control would probably not be very great. 
Before dealing with the possible societal effects 
of sex control, and the ways they may be 
curbed, l describe the work that has already 
been done in this area. 

THE STATE OF THE ART 

Differential centrifugation provided one 
major approach to sex control. It was supposed 
that since X and Y chromosomes differ in size 
( Y is considerably smaller), the sperm carrying 
the two different types would also be of two 
different weights; the Y-carrying sperm would 
be smaller and lighter, and the X-carrying 
sperm would be larger and heavier. Thus, 
the two kinds could be separated by centrifu­
gation and then be used in artificial insemi­
nation. Early experiments, however, did not 
bear out this theory. And, Witschi pointed 
out that, in all likelihood, the force to be used 
in centrifugation would have to be of such 
magnitude that the sperm may well be dam­
aged ( 1 ). 

In the I 950s a Swedish investigator, Lindahl 
(2), published accounts of his results with the 
use of counterstreaming techniques of centrifu­
gation. He found that by using the more readily 
sedimenting portion of bull spermatozoa that 
had undergone centrifugation, fertility was de­
creased but the number of male calves among 
the offspring was relatively high. His conclu­
sion was that the female-determining sperma­
tozoa are more sensitive than the male and are 
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damaged due to inechanical stress in the centri­
fuging process. 

Electrophoresis of spermatozoa is reported to 
have been successfully carried out by a Soviet 
biochemist, V. N. Schr<.)der, in 1932 (3). She 
placed the cells in a solution in which the pH 
could be controlled. As the pH of the solution 
changed, the sperm moved with different 
speeds and separated into three groups: some 
concentrated next to the anode, some next to the 
cathode, and some were bunched in the middle. 
In tests conducted by Schr<.)der and N. K. Kol­
stov ( 3), sperm which collected next to the 
anode produced six offspring, all females; those 
next to the cathode-four males and one fe­
male; and those which bunched in the center­
two males and two females. Experiments with 
rabbits over the subsequent 10 years were re­
ported as successful in controlling the sex of the 
offspring in 80 percent of the cases. Similar 
success with other mammals is reported. 

At the Animal Reproduction Laboratory of 
Michigan State University, Gordon replicated 
these findings, although with a lower rate of 
success (4). Of 167 births studied, in 31 litters, 
he predicted correctly the sex of I 13 offspring, 
for an average of 67. 7 percent. Success was 
higher for females (62 out of 87, or 71.3 per­
cent) than for males (5 I out of 80, or 63. 7 per­
cent). 

From I 932 to I 942, emphasis in sex control 
was on the acid-alkali method. In Germany, 
Unterberger reported in I 932 that in treating 
women with highly acidic vaginal secretions for 
sterility by use of alkaline douches, he had ob­
served a high correlation between alkalinity and 
male offspring. Specifically, over a 10-year 
period, 53 out of 54 treated females are reported 
to have had babies, and all of the babies were 
male. In the one exception, the woman did not 
follow the doctor's prescription, Unterberger 
reported (5). In 1942, after repeated tests and 
experiments had not borne out the earlier re­
sults, interest in the acid-alkali method faded 
(6). 

It is difficult to determine the length of time 
it will take to establish routine control of the sex 
of animals (of great interest, for instance, to 
cattle breeders); it is even more difficult to 
make such an estimate with regard to the sex 
control of human beings. In interviewing sci­
entists who work on this matter, we heard con­
flicting reports about how close such a break­
through was. It appeared that both optimistic 
and pessimistic estimates were vague-' 'be-

tween 7 to 15 years'' -and were not based on 
any hard evidence but were the researchers' 
way of saying, "don't know" and "probably 
not very soon.'' No specific roadblocks which 
seemed unusually difficult were cited, nor did 
they indicate that we have to await other devel­
opments before current obstacles can be re­
moved. Fertility is a study area in which large 
funds are invested these days, and we know 
there is a correlation between increased invest­
ment and findings (7). Although most of the 
money is allocated to birth control rather than 
sex-control studies, information needed for sex­
control research has been in the past a by-prod­
uct of the originally sponsored work. Schro­
der's findings, for example, were an accidental 
result of a fertility study she was conducting 
(4, p. 90). Nothing we heard from scientists 
working in this area would lead one to conclude 
that there is any specific reason we could 
not have sex control 5 years from now or 
sooner. 

In addition to our uncertainty about when sex 
control might be possible, the question of how 
it would be effected is significant and also one 
on which there are differences of opinion. The 
mechanism for practicing sex control is impor­
tant because certain techniques have greater 
psychic costs than others. We can see today, for 
example, that some methods of contraception 
are preferred by some classes of people because 
they involve less psychic ''discomfort'' for 
them; for example, the intrauterine device is 
preferred over sterilization by most women. In 
the same way, although electrophoresis now 
seems to offer a promising approach to sex con­
trol, its use would entail artificial insemination. 
And whereas the objections to artificial insemi­
nation are probably decreasing, the resistance to 
it is still considerable (8). (Possibly, the opposi­
tion to artificial insemination would not be as 
great in a sex-control situation because the hus­
band's own sperm could be used.) If drugs 
taken orally or douches could be relied upon, 
sex control would probably be much less expen­
sive (artificial insemination requires a doctor's 
help), much less objectionable emotionally, 
and significantly more widely used. 

In any event both professional forecasters of 
the future and leading scientists see sex control 
as a mass practice in the foreseeable future. 
Kahn and Wiener, in their discussion of the 
year 2000, suggest that one of the ''one hundred 
technical innovations likely in the next thirty­
three years" is the "capability to choose the 
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sex of unborn children" (9). Muller takes a 
similar position about gene control in general 
( 10). 

SOCIETAL USE OF SEX CONTROL 

If a simple and safe method of sex control 
were available, there would probably be no dif­
ficulty in finding the investors to promote it 
because there is a mass-market potential. The 
demand for the new freedom to choose seems 
well established. Couples have preferences on 
whether they want boys or girls. In many cul­
tures boys provide an economic advantage (as 
workhorses) or as a form of old-age insurance 
(where the state has not established it). Girls in 
many cultures are a liability; a dowry which 
may be a sizeable economic burden must be 
provided to marry them off. (A working-class 
American who has to provide for the weddings 
of three or four daughters may appreciate the 
problem.) In other cultures, girls are profitably 
sold. In our own culture, prestige differences 
are attached to the sex of one's children, which 
seem to vary among ethnic groups and classes 
(] 1, pp. 6-7). 

Our expectations as to what use sex control 
might be put in our society are not a matter of 
idle speculation. Findings on sex preferences 
arc based on both direct ''soft'' and indirect 
"hard" evidence. For soft evidence, we have 
data on preferences parents expressed in terms 
of the number of boys and girls to be conceived 
in a hypothetical situation in which parents 
would have a choice in the matter. Winston 
studied 55 upperclassmen, recording ,mony­
mously their desire for marriage and children. 
Fifty-two expected to be married some day; all 
but one of these desired children; expectations 
of two or three children were common. In total, 
86 boys were desired as compared to 52 girls, 
which amounts to a 65 percent greater demand 
for males than for females ( 12). 

A second study of attitudes, this one con­
ducted on an Indianapolis sample in 1941, 
found similar preferences for boys. Here, while 
about half of the parents had no preferences 
(52.8 percent of the wives and 42.3 percent of 
the husbands), and whereas the wives with a 
preference tended to favor having about as 
many boys as girls (21.8 percent to 25.4 per­
cent), many more husbands wished for boys 
(47.7 percent as compared to 9.9 percent) (13). 

Such expressions of preference are not neces­
sarily good indicators of actual behavior. Hence 
of particular interest is ''hard'' evidence of 

what parents actually did-in the limited area of 
choice they already have: the sex composition 
of the family at the point they decided to stop 
having children. Many other and more powerful 
factors affect a couple's decision to curb further 
births, and the ·sex composition of their chil­
dren is one of them. That is, if a couple has 
three girls and it strongly desires a boy, this is 
one reason it will try "once more." By compar­
ing the number of families which had only or 
mainly girls and "tried once more" to those 
which had only or mainly boys, we gain some 
data as to which is considered a less desirable 
condition. A somewhat different line was fol­
lowed in an early study. Winston studied 5466 
completed families and found that there were 
8329 males born alive as compared to 7434 fe­
males, which gives a sex ratio at birth of I 12.0. 
The sex ratio of the last child, which is of 
course much more indicative, was 117.4 (2952 
males to 2514 females). That is, significantly 
more families stopped having children after 
they had a boy than after they had a girl. 

The actual preference for boys, once sex con­
trol is available, is likely to be larger than these 
studies suggest for the following reasons. Atti­
tudes, especially where there is no actual 
choice, reflect what people believe they ought 
to believe in, which, in our culture, is equality 
of the sexes. To prefer to produce boys is lower 
class and discriminatory. Many middle-class 
parents might entertain such preferences but be 
either unaware of them or unwilling to express 
them to an interviewer, especially since at pres­
ent there is no possibility of determining wheth­
er a child will be a boy or a girl. 

Also, in the situations studied so far, attempts 
to change the sex composition of a family in­
volved having more children than the couple 
wanted, and the chances of achieving the de­
sired composition were 50 percent or lower. 
Thus, for instance, if parents wanted, let us say, 
three children including at least one boy, and 
they had tried three times and were blessed with 
girls, they would now desire a boy strongly 
enough to overcome whatever resistance they 
had to have additional children before they 
would try again. This is much less practical 
than taking a medication which is, let us say, 
99 .8 percent effective and having the number of 
children you actually want and are able to sup­
port. That is, sex control by a medication is to 
be expected to be significantly more widely 
practiced than conceiving more children and 
gambling on what their sex will be. 
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Finally, and most importantly, such decisions 
are not made in the abstract, but affected by the 
social milieu. For instance, in small kibbutzim

rnany more chi_ldren used to be born in October 
and Noverriber each year than any other months 
because the community used to consider it un­
desirable for the children to enter classes in the 
rniddle of the school year, which in Israel be­
gins after the high holidays, in October. Simi­
larly, sex control-even if it were taboo or un­
popular at first-could become quite widely 
practiced once it became fashionable. 

In the following discussion we bend over 
backward by assuming that actual behavior 
would reveal a smaller preference than the ex­
isting data and preceding analysis would lead 
one to expect. We shall assume only a 7 percent 
difference between the number of boys and girls 
to be born alive due to sex control, coming on 
top of the 51.25 to 48.75 existing biological 
pattern, thus making for 54.75 boys to 45.25 
girls, or a surplus of 9.5 boys out of every hun­
dred. This would amount to a surplus of 
357,234 in the United States, if sex control 
were practiced in a 1965-like population (14).

The extent to which such a sex imbalance 
will cause social dislocations is in part a matter 
of the degree to which the effect will be cumu­
lative. It is one thing to have an unbalanced 
baby crop one year, and quite another to pro­
duce such a crop several years in a row. Accu­
mulation would reduce the extent to which girl 
shortages can be overcome by one age group 
raiding older and younger ones. 

Some demographers seem to believe in an in­
visible hand (as it once was popular to expect 
in economics), and suggest that overproduction 
of boys will increase the value of girls and 
hence increase their production, until a balance 
is attained under controlled conditions which 
will be similar to the natural one. We need not 
repeat here the reasons such invisible arrange­
ments frequently do not work; the fact is they 
simply cannot be relied upon, as recurrent eco­
nomics crisis in pre-Keynesian days or over­
population show. 

Second, one ought to note the deep-seated 
roots of the boy-favoring factors. Although 
there is no complete agreement on what these 
factors are, and there is little research, we do 
know that they are difficult and slow to change. 
For instance, Winston argued that mothers pre­
fer boys as a substitute for their own fathers, 
out of search for security or Freudian consider­
ations. Fathers prefer boys because boys can 

more readily achieve success in our society (and 
in most others). Neither of these factors is likely 
to change rapidly if the percentage of boys born 
increases a few percentage points. We do not 
need to turn to alarmist conclusions, but we 
ought to consider what the societal effects of 
sex control might be under conditions of rela­
tively small imbalance which, as we see it, will 
cause a significant (although not necessarily 
very high) male surplus, and a surplus which 
will be cumulative. 

SOCIETAL CONSEQUENCES 

In exploring what the societal consequences 
may be, we again need not rely on the specula­
tion of what such a society would be like; we 
have much experience and some data on soci­
eties whose sex ratio was thrown off balance 
by war or immigration. For example, in 1960 
New York City had 343,470 more females than 
males, a surplus of 68,366 in the 20- to 34-age 
category alone ( 15).

We note, first, that most forms of social be­
havior are sex correlated, and hence that 
changes in sex composition are very likely to 
affect most aspects of social life. For instance, 
women read more books, see more plays, and 
in general consume more culture than men in 
the contemporary United States. Also, women 
attend church more often and are typically 
charged with the moral education of children. 
Males, by contrast, account for a much higher 
proportion of crime than females. A significant 
and cumulative male surplus will thus produce a 
society with some of the rougher features of a 
frontier town. And, it should be noted, the 
diminution of the number of agents of moral 
education and the increase in the number of 
criminals would accentuate already existing ten­
dencies which point in these directions, thus 
magnifying social problems which are already 
overburdening our society. 

Interracial and interclass tensions are likely 
to be intensified because some groups, lower 
classes and minorities specifically ( 16), seem to 
be more male-oriented than the rest of the soci­
ety. Hence while the sex imbalance in a soci­
ety-wide average may be only a few percentage 
points, that of some groups is likely to be much 
higher. This may produce an especially high 
boy surplus in lower status groups. These extra 
boys would seek girls in higher status groups 
(or in some other religious group than their 
own) ( 11) -in which they also will be scarce. 

On the lighter side, men vote systematically 
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and significantly more Democratic than women; 
as the Republican party has been losing consis­
tently in the number of supporters over the last 
generation anyhow, another 5-point loss could 
undermine the two-party system to a point 
where Democratic control would be uninter­
rupted. (It is already the norm, with Republi­
cans having occupied the White House for 8 
years over the last 36.) Other forms of imbal­
ance which cannot be predicted are to be ex­
pected. "All social life is affected by the pro­
portions of the sexes. Wherever there exists a 
considerable predominance of one sex over the 
other, in point of numbers, there is less prospect 
of a well-ordered social life . .. .  Unbalanced 
numbers inexorably produce unbalanced behav­
ior (17)." 

Society would be very unlikely to collapse 
even if the sex ratio were to be much more 
seriously imbalanced than we expect. Societies 
are surprisingly flexible and adaptive entities. 
When asked what would be expected to happen 
if sex control were available on a mass basis, 
Davis, the well-known demographer, stated 
that some delay in the age of marriage of the 
male, some rise in prostitution and in homosex­
uality, and some increase in the number of 
males who will never marry are likely to result. 
Thus, all of the "costs" that would be gener­
ated by sex control will probably not be charged 
against one societal sector, that is, would not 
entail only, let us say, a sharp rise in prostitu­
tion, but would be distributed among several 
sectors and would therefore be more readily ab­
sorbed. An informal examination of the situa­
tion in the USSR and Germany after World War 
II (sex ratio was 77. 7 in the latter) as well as Is­
rael in early immigration periods, support 
Davis's nonalarmist position. We must ask, 
though, are the costs justified? The dangers are 
not apocalyptical; but are they worth the gains 
to be made? 

A BALANCE OF VALUES 

We deliberately chose a low-key example of 
the effects of science on society. One can pro­
vide much more dramatic ones; for example, 
the invention of new "psychedelic" drugs 
whose damage to genes will become known 
only much later (LSD was reported to have such 
effects), drugs which cripple the fetus (which 
has already occurred with the marketing of 
thalidomide), and the attempts to control birth 
with devices which may produce cancer (early 
versions of the intrauterine device were held to 

have such an effect). But let us stay with a find­
ing which generates only relatively small 
amounts of human misery, relatively well dis­
tributed among various sectors, so as not to se­
verely undermine society but only add, maybe 
only marginally, to the considerable social 
problems we already face. Let us assume that 
we only add to the unhappiness of seven out of 
every 100 born (what we consider minimum 
imbalance to be generated), who will not find 
mates and will have to avail themselves of pros­
titution, homosexuality, or be condemned to 
enforced bachelorhood. (If you know someone 
who is desperate to be married but cannot find a 
mate, this discussion will be less abstract for 
you; now multiply this by 357,234 per annum.) 
Actually, to be fair, one must subtract from the 
unhappiness that sex control almost surely will 
produce, the joy it will bring to parents who 
will be able to order the sex of their children; 
but as of now, this is for most, not an intensely 
felt need, and it seems a much smaller joy com­
pared to the sorrows of the unmatable mates. 

We already recognize some rights of human 
guinea pigs. Their safety and privacy are not 
to be violated even if this means delaying the 
progress of science. The ''rest'' of the society, 
those who are not the subjects of research, and 
who are nowadays as much affected as those in 
the laboratory, have been accorded fewer 
rights. Theoretically, new knowledge, the basis 
of new devices and drugs, is not supposed to 
leave the inner circles of science before its safe­
ty has been tested on animals or volunteers, and 
in some instances approved by a government 
agency, mainly the Federal Drug Administra­
tion. But as the case of lysergic acid diethyl­
amide (LSD) shows, the trip from the reporting 
of a finding in a scientific journal to the blood­
stream of thousands of citizens may be an ex­
tremely short one. The transition did take quite 
a number of years, from the days in l 943 when 
Hoffman, one of the two men who synthesized 
LSD-25 at Sandoz Research Laboratories, first 
felt its hallucinogenic effect, until the early 
1960s, when it "spilled" into illicit campus 
use. (The trip from legitimate research, its use 
at Harvard, to illicit unsupervised use was much 
shorter.) The point is that no additional tech­
nologies had to be developed; the distance from 
the chemical formula to illicit composition re­
quired in effect no additional steps. 

More generally, Western civilization, ever 
since the invention of the steam engine, has 
proceeded on the assumption that society must 
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adjust to new technologies. This is a central 
meaning of what we refer to when we speak 
about an industrial revolution; we think about a 
society being transformed and not just a new 
technology being introduced into a society 
which continues to sustain its prior values and 
institutions. Although the results are not an un­
mixed blessing (for instance, pollution and 
traffic casualties), on balance the benefits in 
terms of gains in standards of living and life ex­
pectancy much outweigh the costs. (Whether 
the same gains could be made with fewer costs 
if society would more effectively guide its 
transformation and technology inputs, is a ques­
tion less often discussed [18] .) Nevertheless 
we must ask, especially with the advent of nu­
clear arms, if we can expect such a favorable 
balance in the future. We are aware that single 
innovations may literally blow up societies or 
civilization; we must also realize that the rate 
of social changes required by the accelerating 
stream of technological innovations, each less 
dramatic by itself, may supersede the rate at 
which society can absorb. Could we not regu­
late to some extent the pace and impact of the 
technological inputs and select among them 
without, by every such act, killing the goose 
that lays the golden eggs? 

Scientists often retort with two arguments. 
Science is in the business of searching for 
truths, not that of manufacturing technologies. 
The applications of scientific findings arc not 
determined by the scientists, but by society, 
politicians, corporations, and the citizens. Two 
scientists discovered the formula which led to 
the composition of LSD, but chemists do not 
determine whether it is used to accelerate psy­
chotherapy or to create psychoses, or, indeed, 
whether it is used at all, or whether, like thou­
sands of other studies and formulas, it is ig­
nored. Scientists split the atom, but they did not 
decide whether particles would be used to pro­
duce energy to water deserts or superbombs. 

Second, the course of science is unpredict­
able, and any new lead, if followed, may pro­
duce unexpected bounties: to curb some lines of 
inquiry-because they may have dangerous 
outcomes-may well force us to forego some 
major payoffs; for example, if one were to for­
bid the study of sex control one might retard the 
study of birth control. Moreover, leads which 
seem ''safe'' may have dangerous outcomes. 
Hence, ultimately, only if science were stopped 
altogether, might findings which are potentially 
dangerous be avoided. 

These arguments arc often presented as if 
they themselves were empirically verified or 
logically true statements. Actually they are a 
formula which enables the scientific community 
to protect itself from external intervention and 
control. An empirical study of the matter may 
well show that science does thrive in societies 
where scientists are given Jess freedom than the 
preceding model implies science must have­
for example, in the Soviet Union. Even in the 
West in science some limitations on work are 
recognized and the freedom to study is not al­
ways seen as the ultimate value. Whereas some 
scientists are irritated when the health or priva­
cy of their subject curbs the progress of their 
work, most scientists seem to recognize the pri­
ority of these other considerations. (Normative 
considerations also much affect the areas stud­
ied; compare, for instance, the high concern 
with a cancer cure to the almost complete un­
willingness of sociologists, since 1954, to retest 
the finding that separate but equal education is 
not feasible.) 

One may suggest that the society at large de­
serves the same protection as human subjects 
do from research. That is, the scientific com­
munity cannot be excused from the responsibil­
ity of asking what effects its endeavors have on 
the community. On the contrary, only an exten­
sion of the existing codes and mechanisms of 
self-control will ultimately protect science from 
a societal backlash and the heavy hands of ex­
ternal regulation. The intensification of the de­
bate over the scientists' responsibilities with re­
gard to the impacts of their findings is by itself 
one way of exercising it, because it alerts more 
scientists to the fact that the areas they choose 
to study, the ways they communicate their find­
ings (to each other and to the community), the 
alliances they form or avoid with corporate and 
governmental interests-all these affect the use 
to which their work is put. It is simply not true 
that a scientist working on cancer research and 
one working on biological warfare are equally 
likely to come up with a new weapon and a new 
vaccine. Leads are not that random, and appli­
cations are not that readily transferable from 
one area of application to another. 

Additional research on the societal impact of 
various kinds of research may help to clarify the 
issues. Such research even has some regulatory 
impact. For instance, frequently when a drug is 
shown to have been released prematurely, stan­
dards governing release of experimental drugs 
to mass production are tightened ( 19), which in 
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effect means fewer, more carefully supervised 
technological inputs into society; at least society 
does not have to cope with dubious findings. 
Additional progress may be achieved by study­
ing empirically the effects that various mecha­
nisms of self-regulation actually have on the 
work of scientists. For example, urging the sci­
entific community to limit its study of some top­
ics and focus on others may not retard science; 
for instance, sociology is unlikely to suffer 
from being now much more reluctant to con­
cern itself with how the U.S. Army may stabi­
lize or undermine foreign governments than it 
was before the blowup of Project Camelot 
(20). 

In this context, it may be noted that the sys­
tematic attempt to bridge the "two cultures" 
and to popularize science has undesirable side 
effects which aggravate the problem at hand. 
Mathematical formulas, Greek or Latin termi­
nology, and jargon were major filters which al­
lowed scientists in the past to discuss findings 
with each other without the nonprofessionals 
listening in. Now, often even preliminary find­
ings are reported in the mass media and lead to 
policy adaptations, mass use, even legislation 
(21), long before scientists have had a chance to 
double-check the findings themselves and their 
implications. Trne, even in the days when sci­
ence was much more esoteric, one could find 
someone who could translate its findings into 
lay language and abuse it; but the process is 
much accelerated by well-meaning men (and 
foundations) who feel that although science 
ought to be isolated from society, society 
should keep up with science as much as possi­
ble. Perhaps the public relations efforts on be­
half of science ought to be reviewed and regu­
lated so that science may remain free. 

A system of regulation which builds on the 
difference between science and technology, 
with some kind of limitations on the techno­
crats serving to protect societies, coupled with 
little curbing of scientists themselves, may turn 
out to be much more crucial. The societal appli­
cation of most new scientific findings and prin­
ciples advances through a sequence of steps, 
sometimes referred to as the R & D process. An 
abstract finding or insight frequently must be 
translated into a technique, procedure, or hard­
ware, which in turn must be developed, tested, 
and mass-produced, before it affects society. 
While in some instances, like that of LSD, the 
process is extremely short in that it requires few 

if any steps in terms of further development of 
the idea, tools, and procedures, in most in­
stances the process is long and expensive. It 
took, for instance, about $2 billion and seve·ral 
thousand applied scientists and technicians· to 
make the first atomic weapons after the basic 
principles of atomic fission were discovered. 
Moreover, technologies often have a life of 
their own; for example, the intrauterine device 
did not spring out of any application of a new 
finding in fertility research but grew out of the 
evolution of earlier technologies. 

The significance of the distinction between 
the basic research ( "real" science) and later 
stages of research is that, first, the damage 
caused (if any) seems usually to be caused by 
the technologies and not by the science applied 
in their development. Hence if there were ways 
to curb damaging technologies, scientific re­
search could maintain its almost absolute, fol­
low-any-lead autonomy and society would be 
protected. 

Second, and most important, the norms to 
which applied researchers and technicians sub­
scribe and the supervisory practices, which al­
ready prevail, are very different than those 
which guide basic research. Applied research 
and technological work are already intensively 
guided by societal, even political, preferences. 
Thus, while about $2 billion a year of R & D 
money are spent on basic research more or less 
in ways the scientists see fit, the other $13 bil­
lion or so are spent on projects specifically or­
dered, often in great detail, by government au­
thorities, for example, the development of a 
later version of a missile or a "spiced-up" tear 
gas. Studies of R & D corporations-in which 
much of this- work is carried out, using thou­
sands of professionals organized in supervised 
teams which are given specific assignments­
pointed out that wide freedom of research sim­
ply does not exist here. A team assigned to 
cover a nose cone with many different alloys 
and to test which is the most heat-resistant is 
currently unlikely to stumble upon, Iet us say, a 
new heart pump, and if it were to come upon al­
most any other lead, the boss would refuse to 
allow the team to pursue the lead, using the 
corporation's time and funds specifically con­
tracted for other purposes. 

Not only are applied research and technologi­
cal developments guided by economic and po­
litical considerations but also there is no evi­
dence that they suffer from such guidance. Of 
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course, one can overdirect any human activity, 
even the carrying of logs, and thus undermine 
morale, satisfaction of the workers, and their 
productivity; but such tight direction is usually 
nofexercised in R & D work nor is it required 
for our purposes. So far guidance has been 
largely to direct efforts toward specific goals, 
and it has been largely corporate, in the sense 
that the goals have been chiefly set by the indus­
try (for example, building flatter TV sets) or 
mission-oriented government agencies (for in­
stance, hit the moon before the Russians). 
Some "preventive" control, like the suppres­
sion of run-proof nylon stockings, is believed 
to have taken place and to have been quite ef­
fective. 

I am not suggesting that the direction given 
to technology by society has been a wise one. 
Frankly, I would like to see much less concern 
with military hardware and outer space and 
much more investment in domestic matters; less 
in developing new consumer gadgets and more 
in advancing the technologies of the public sec­
tor (education, welfare, and health); less con­
cern with nature and more with society. The 
point though is that, for good or bad, technolo­
gy is largely already socially guided, and hence 
the argument that its undesirable effects cannot 
be curbed because it cannot take guidance and 
survive is a false one. 

What may have to be considered now is a 
more preventive and more national effective 
guidance, one that would discourage the devel­
opment of those technologies which, studies 
would suggest, are likely to cause significantly 
more damage than payoffs. Special bodies, 
preferably to be set up and controlled by the sci­
entific community itself, could be charged with 
such regulation, although their decrees might 
have to be as enforceable as those of the Federal 
Drug Administration. (The Federal Drug Ad­
ministration, which itself is overworked and un­
derstaffed, deals mainly with medical and not 
societal effects of new technologies.) Such bod­
ies could rule, for instance, that whereas fertil­
ity research ought to go on uncurbed, sex-con­
trol procedures for human beings are not to be 
developed. 

One cannot be sure that such bodies would 
come up with the right decisions. But they 
would have several features which make it like­
ly that they would come up with better decisions 
than the present system for the following rea­
sons: (i) they would be responsible for protect-

ing society, a responsibility which so far is not 
institutionalized; (ii) if they act irresponsibly, 
the staff might be replaced, let us say by a vote 
of the appropriate scientific associations; and 
(iii) they would draw on data as to the societal
effects of new (or anticipated) technologies, in
part to be generated at their initiative, while at
present-to the extent such supervisory deci­
sions are made at all-they are frequently based
on folk knowledge.

Most of us recoil at any such notion of regu­
lating science, if only at the implementation 
(or technological) end of it, which actually is 
not science at all. We are inclined to see in such 
control an opening wedge which may lead to 
deeper and deeper penetration of society into 
the scientific activity. Actually, one may hold 
the opposite view-that unless societal costs are 
diminished by some acts of self-regulation at 
the stage in the R & D process where it hurts 
least, the society may "backlash" and with a 
much heavier hand slap on much more encom­
passing and throttling controls. 

The efficacy of increased education of scien­
tists to their responsibilities, of strengthening 
the barriers between intrascientific communi­
cations and the community at large, and of self­
imposed, late-phase controls may not suffice. 
Full solution requires considerable international 
cooperation, at least among the top technology­
producing countries. The various lines of ap­
proach to protecting society discussed here may 
be unacceptable to the reader. The problem 
though must be faced, and it requires greater at­
tention as we are affected by an accelerating 
technological output with ever-increasing soci­
etal ramifications, which jointly may overload 
society's capacity to adapt and individually 
cause more unhappiness than any group of men 
has a right to inflict on others, however noble 
their intentions. 
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The future world disorder: the structural 

context of crises 

DANIEL BELL 

In the following article Daniel Bell (who wa. 1· i111rod11ced in Parr Two) focuses Oil 11vo ''extraordina ry sociolog­
ical mu/ 11erJpolirirnl 1rm1. 1}<nmmio11s in the social structures o

f 
the world" which occurred between 1948 and 1973. 

The first tra11sjim11atio11 took place, according to Bell, in Western advanced industrial nations, where there was a 
transirio1 1 to a more ope1 1 and egalitaria11 socie ty. Two wpecrs o

f 
this 1ramformatio11 are the growth of u11io11 power 

and the spread oft he Wo111e11' s Liberario11 Movemellf. 11,e second 1m 11.1for111atio11 occurred when the old international 
order collapsed and a large number of new stares emerged. With their emergence new dicho10111ies in world politics 
. 1 ·uper. 1 ,!iled the old East-West dichotomy, and created new challenges for international stability. Underlying both 
the.w tra11.1fon11at io11s were 11vo "extraordinmy rec/1110/ogical revolurions: the revo/111io11 in 1ra11.1portarion and co111-
111u11icario11 . . .  am/ the rise of the new sciena-based industries.'' The first tied the world closer together, while 
the secmul brought about "the postindustrial society." 

Bell di. 1 ·rnsse. 1· jimr strnctural problems that the advanced industrial societil:s will ji1ce in the next decade as a 
result of the two tra11. 1for111ations 111e111io11ed earlier. He draws a bleak picture of the situatio11, co11cludi11g that ''the 
existi11g political struc111res 110 longer match the 1111derlyi11g eco11omic and socia l realities,'' a11d that this mismatch 
may be the source of disi111egratio11. 

Historians now understand that Metternich­
the other one, that is -made a strategic mistake 
at the Congress of Vienna. His policy was 
based on the ·premise that France, which had 
overrun almost all of Europe with Napoleon's 
armies, should not have the power to do so 
again. What he did not see was that in his back­
yard there would be looming a new and more 
powerful threat-that of an industrializing Ger­
many. 

The lack of foresight was understandable. 
Germany-to the extent that there was such an 
entity-had been disunited for almost a thou­
sand years and the existing loose federation 
showed little promise of uniting. Indeed, if only 

D Reprinted with permission from Fol'l!ig11 Policy, No. 
27(Summer 1977). Copyr

i
ght 1977 by the Carnegie En­

dowment for International Peace. 

for reasons of river-valley geography, the cen­
tralization of Germany, in any effective form, 
was not possible before the invention of the 
railroad. 1 

The cautionary moral of this tale is that to­
day's policy-makers, in their understandable 
preocupation with Great Power strategies, the 
rivalries of ideologies and national passions, the 
problems of nuclear proliferation and the like­
all of which are their more immediate con­
cerns-risk losing sight of changes in under­
lying contexts. These contexts are today neces­
sarily more sociological than technological, 
more diffuse and difficult to define. And the 
issues to which they give rise are on a very 
different time scale from the crisis situations 
which flare up in the Middle East or in southern 
Africa, for example. But they nonetheless 
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shape the problems that decision-makers will 
have to deal with in the next decade. Any at­
tempts to deal with these issues require the 
redesign of political and social institutions and 
so confront both the inadequacies of economic 
and social knowledge and the resistance of 
traditions (which have their own justifications) 
and vested interests a1'd privileged groups 
(which have great power). 

What follows is thus not a forecast of the 
next decade-it could not be, for it eschews 
the overt political rivalries of the different pow­
ers, as well as such explosive questions as nu­
clear proliferation-but an effort to sketch the 
broad socio-economic context which, at its 
loosest, will constrain policy-makers and pose, 
in direct form, as yet unresolved dilemmas. 

II 

From 1948 to 1973, there was a 25-year 
boom in the world economy which was greater 
than that of any previous period in economic 
history. Gross Domestic Product, in real terms, 
increased by more than three and a half times, 
a world rate of over 5 per cent a year. Japan's 
growth was almost double that rate; Britain's 
was half. 2 This real per capita growth was 
shared almost equally by about half the world 
(the middle-income countries-e.g., Brazil and 
Mexico-being slightly the largest gainers). 
The very poor countries grew at an annual rate 
of 1.8 per cent, sma11 in comparison with the 
others, respectable on the basis of their own 
past.:1 

The same period saw two extraordinary so­
ciological and geopolitical transformations in 
the social structures of the world. Within the 
Western advanced industrial societies, there 
was the transition to a more open and egalitar­
ian society: the inclusion of disadvantaged 
groups into the society, the expansion of educa• 
tional opportunities, the growth of union pow­
er, the spread of Social Democratic govern• 
ments,·• the cnlargmcnt of personal liberties 
and the tolerance of diverse lifestyles, the 
spread of Women's Liberation, the increase 
in public spending on social services-in 
short, that complex of new social rights which 
is summed up in the ideas of the Welfare State, 
what I have called the ''revolution of rising en­
titlements," and the greater freedom in culture 
and morals. With it came the cultural shocks to 
the older middle classes and the challenges to 
authority that arose first in the universities, with 

the student uprisings, and have spread to many 
other institutions in the society. 

The second transformation, which in his­
torical perspective is of greater import for the 
future, was the end of the old international or­
der with a rapidity that had been almost en­
tirely unforeseen, 5 and the emergence of a be­
wilderingly large number of new states of vastly 
diverse size, heterogeneity, and unevenly dis­
tributed resources. As a result of this develop­
ment, the problem of international stability in 
the next 20 years will be the most difficult chal­
lenge for those responsible for the world polity. 
Some of the consequences of this transforma­
tion have been conceptualized as new North­
South divisions, cutting across the East-West 
divisions which have been the axis of Great 
Power conflicts for almost all of modern times. 
Whether this is a useful conceptualization, or 
as vague and tendentious as the phrase ''the 
Third World,'' is moot. (As Jean-Francois 
Revel has wryly observed: most of the South is 
East, but not all the North is West.) The fact 
remains that, just as within the advanced in­
dustrial societies of the West, so in the world at 
large, there has been a vast multiplication of 
new actors, new constituencies, new claimants 
in the political arenas of the world. 

Underlying both these changes (though not 
determining them) have been two extraordinary 
technological revolutions: the revolution in 
transportation and communication which has 
tied the world together in almost real time6 and 
the rise of the new science-based industries of 
what I have called the postindustrial society. 
The revolutions have given the Western coun­
tries an extraordinary advantage in high tech­
nology, and paved the way (if one can handle 
the huge problems of economic dislocation and 
displacement) for the transfer of a large part 
of the routinized manufacturing activities of the 
world to the less-developed countries. 7 

III 

These stmctural changes, which have been 
taking place within each advanced industrial 
society and in the world economy, have cre­
ated a new kind of ''class struggle,'' with a 
greater potential for social instability and diffi­
culties of governance than those characteristic 
of the old industrial order. The expansion 
everywhere of state-managed or state-directed 
societies-the most crucial political fact about 
the third quarter of the twentieth century- has 
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rneant the emergence of what Schumpeter years 
'1go ironically called ''fiscal sociology.'' 

Jn this situation, the salient social struggles 
in the a�vanced-and, one must also say, open 
�nd democratic-industrial societies are less 
between employer and worker, as in the nine­
teenth and early twentieth centuries, than be­
t\\teen organized social groups-syndicalist 
(such as trade unions), professional (such as 
l!Cademic, medical, scientific research com­
plexes), corporate (business and even nonprofit 
economic enterprises), and intergovernmental 
tJnits (states, cities, and counties)-for the al­
Jocation of the state budget. 8 And as state tax 
policy and direct state disbursements become 
central to the economic well-being of these 
groups, and as political decision-making rather 
than the market becomes decisive for a whole 
slew of economic questions ( energy policy, 
tand use, communications policy, product reg­
ulation and the like), the control and direc­
tion of the political system, not market power, 
becomes the central question for the society. 

The corollary fact, that economic dealings 
between nations become more subject to nation­
al political controls, means that the interna­
tional political arena becomes the cockpit for 
overt economic demands by the ''external pro­
letariat" (to use Toynbee's phrase) of the world 
against the richer industrial nations. Lin Piao 
rnay have perished in the plane crash in outer 
Mongolia, and China may, in the coming de­
cades, be preoccupied with the building of ''so­
cialism in one country,'' but the call that Lin 
uttered a decade ago for the periphery of the 
world system to crush the core is a seismic 
force that could yet be released. 

It is in this context that the worldwide re­
cession which began in 1973 acquires such 
brutal significance. If the economic growth 
which has been the means of raising a large 
portion of the world into the middle class-and 
also a political solvent to meet the rising ex­
pectations of people and finance social welfare 
expenditures-cannot continue, then the ten­
sions which are being generated will wrack 
every advanced industrial society and polarize 
the confrontation between the ''south'' (in all 
probability tied more and more to the "east") 
and the advanced industrialized, capitalist 
societies of the West. 

The current recession can be interpreted in 
many ways. From a Marxist point of view, it 
is one more long swing in the inevitable fiuctua-

tions of the business cycle. For an economic 
historian like W.W. Ros tow, we may be en­
tering a new downward turn in the Kondratieff 
cycle, indicating an exhaustion of technological 
and investment possibilities. The difficulty with 
these statements is that they are so general and 
even contradictory. They do not take into ac­
count the structural changes in the character of 
contemporary capitalism, in particular the key 
role of the state. They are not responsive to 
what is the unique and different fact about the 
1970s' recession, namely that it arose out of a 
worldwide inflation and that, as much as any­
thing, it has been the deflationary actions of 
governments that have been responsible for the 
drop in industrial production and the rise of un­
employment. 

If one assembles the evidence about the 
1970s' recession, one can see the conjoining of 
a number of short-term cyclical and longterm 
factors, with two wholly new elements-the 
surprise ability of the Organization of Petro­
leum Exporting Countries ( OPEC) to create an 
effective cartel and to quadruple oil prices, and, 
ultimately more important, the worldwide 
synchronization of demand, indicating the 
emergence of a genuine world economy, which 
led to the inflationary pressures that brought 
about the end of the boom. 

In one sense, the OPEC oil price rises imply 
a large-scale international redistribution of 
income which may continue for many years. 
This is a factor which every dependent econ­
omy has to take into account in estimating its 
costs and rate of possible growth. It is structural 
in a narrow political sense. But the synchroni­
zation of world-wide demand is a new structural 
feature of the world economy. 

In a crucial sense, the modern era is defined 
as the shift in the character of economies-and 
in the nature of modern economic thinking­
from supply to demand. For thousands of years, 
the level of supply (and its low technological 
foundation) dictated the standard of living. 
What has been singular about modern life is 
the emphasis on demand, and the fact that de­
mand has become the engine of economic ad­
vance, moving entrepreneurs and inventors into 
the search for new modes of productivity, new 
combinations of materials and markets, new 
sources of supply, and new modes of innova­
tion. The re-entry of a destroyed Germany and 
Japan into the world economy; the rapid in­
dustrialization of Brazil, Mexico, Taiwan, 
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Korea, Algeri a , South  Africa , and  s im i l ar coun­
tr ies; the expanding world trade of the Soviet­
bloc countr ies- the revolu t ion  of r is ing ex­
pectat ions and the  urge to  get into the middle 
class -have al l produced  th i s  extraordinary 
synchronization . Yet ,  whi le we have the gen­
uine foundations of a world economy , we evi ­
dentally l ack those cooperative  mechani sms 
wh ich can adjust  these d i  fferent p ressu res , 
c reate a necessary degree of stab i l i zat ion i n  
commodity  pr i ces , and  smooth t he  trans i t ion 
to a new i nternational d iv i s ion of l abor that 
wou ld benefi t  the world economy as a whole . 
We shal l  return to th i s  below . 

IV 

I f  one looks ahead to the next decade , 
there are four  structura l  problems that w i l l  con­
front the advanced industri a l  soc ie t ies  i n  the 
effort to ma inta in po l i tica l  stab i l i ty and eco­
nom ic advance . 

I .  The douh/e bind of advanced economies . 
The fac ts that eve ry soc ie ty  has become so 
i nterconnected and in terdependent and that the 
po l i t i cal system has  taken on the task of manag­
i ng ,  i f  not  d i rect i n g ,  the economy mean that ,  
i n c reas ing l y ,  "someone" has to u ndertake the 
obl iga t ion of t h i n k i ng about  the system " a s  a 
who l e . " When the econom ic  rea l m had greater 
autonomy , the shocks and d i s loca t ion s  gener ­
ated th rough the ma rket cou ld be wa l l ed off, or 
even ignored - though the soc ial consequences 
were o ften  enormou s .  B u t  now al l major sh oc k s  
a rc i n c rea s i ng l y  system ic , and th e po l i t i cal 
co n tro l l ers mu s t  make dec i s i o n s  not for or 
ag a i nst parti c u l ar i n tere s ts ,  powerfu l a s these 
may be , bu t for the consequ ences to the sys­
tem i tse l f. 

Y c t  th a t  very fac t i ncreases the i nheren t dou­
b l e  b i n d i n  th e natu re of a democ ra ti c  or re­
spon s i ve pol i ty .  For th e s tate increas i ngly ha s 
the d ou b le problem of ai d i ng capi tal formation 
and gr owth (a ccumulation , in the Marx i st jar­
gon ) and meet i ng the ri si ng clai ms of citizens 
for income secu ri ty , social serv ices , soc ial
amen ities , and the l ike (the problem of /egiti-

111atio11 ,  i n  Max Weber ' s  term i nol ogy) . 
I n  one sense , th is is the fu lfi l l men t of a di f­

feren t ki nd of prediction made by Marx . Al­
ready i n  1 848 to 1 849 , when he was engaged 
i n  pol it ical activ it ies i n  Co log ne , he said that 
once the " democratic revo lut ion " (i .e. , the 
achievement of the fra nch ise and other civ il 
r
i
ghts) was ach ieved , the " social revolut ion " 

(the t ransfo rmatio n of soc iety) wou ld f o l low. 

Th i s  was the bas is for h i s  · ' right-wing" and 
"coa l i t ion i s t" tact ics  toward the democrat ic 
( i . e . , bourgeo i s) groups at the t ime .  What ·is 
strik ing is how l ong it took for Marx ' s  pre­
dict ion to come true .  The electoral franchi ses 
were secured , in most Western Eu ropean coun­
tr ies , only by the end of the century , and it 
took 50 years beyond that (fac i l i tated by the 
stru ctural changes in the economy) for demo­
cratic pressure to be turned into soc ia l  leverage . 

I n  pract ical fac t ,  th i s  major change has re­
su l ted i n  the sharp ri se in governmental expen­
di tures over the l ast 40 years and i n  soc ia l  ex­
pend i tu res i n  the last decade and a ha lf. S ince 
1 950 , the growth in  publ ic expendi ture ,  per 
year, has been between 4.3 per cent i n  G reat 
B ri ta i n ,  at the low end of the scale ,  to 1 1 . 6 per 
cent for Ital y ,  at the high end . In these years ,  
the growth i n  GNP  has been from 2 . 8  per cent  a 
year i n  Br i ta in  to 5 . 7  per cent i n  Germany .  
( Ita ly  was growing at 5 . 3  per cent a year . )  A s  a 
share of GNP ,  publ i c  expenditure varies from 30 
per cent  of G N P  i n  France to 64 per cent  i n  S we­
den , which has experienced the h ighes t  growth 
i n  the 25 -year period .  ( I ta l y ' s  publ i c  expend i ­
tu re i s  58 per cen t  of GNP, Bri ta i n ' s  i s  53 per 
cent , and the Un i ted States '  i s  38  per cent . )  

These rates  o f  growth o f  pub l i c  expend i tu res 
over a quarter of a centu ry , i n  coun tries such as 
G reat  Bri ta i n  and S weden - almos t 50 to 75  per 
cent greater th an the  growth of G N P - rai se 
some complex econom i c  and soc ial que s t ion s .  
Di rect compari son s on th e ba s i s  of g ro wth ra tes 
are d i fficu l t ,  si nce some nati ons s tarted from a 
l ow  absol u te base of pub lic expend i tu re .  It i s
too easy to say ,  as some conserv at i ve econo­
m i sts d o ,  th at p ub l i c  expend i tu re i s  eati ng up
the national patri mon y .  And i t  i s  hard to ca l ­
cu l ate how much the expend i tu re s  on educat i o n
and health increase the ski l l s and capab i l ities of
i nd iv i dual s i n  the society . With al l that , some
qu esti ons remai n .  The Ox ford econom i sts 
B acon and El ti s have argued that expenditu res
in the public sector are , i nevitabl y ,  of lower
productivity than a comparable amou nt spent i n
the private sector, and that these differential
rates accoun t for the slowdown of the B riti sh
economy . And if these rates of growth of public
expend iture conti nue , who w i l l  pay for them ?
If they cannot be fi nanced from economic
growth , then they have to be f inanced by hi gher
taxes , by inflation (a disguised form of tax­
ation ) ,  or by external borrowing.

A recent group of theorists has sought to 
draw some larger consequences from th is state 
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of affairs. Richard Rose calls it ''over-load'' -
the c9ndition in which expectations are greater 
than the system can produce-and speculates 
whether mitions can go bankrupt. Jurgen Haber­
mas calls it a "legitimation crisis," putting it 
into the larger philosophical context of political 
justifications. Under the prevailing tenets of the 
liberal theory of society, each individual is free 
to pursue his own interests and the rule of law 
is only formal and procedural, establishing the 
rules of the game without being interven­
tionary. But the emerging system of state capi­
talism lacks the kind of philosophical legitima­
tion that liberalism has provided. Samuel P. 
Huntington and Samuel Brittan have argued 
that democracies are becoming increasingly un­
governable, because the "democratization of 
political demands," in the Schumpeterian sense 
of the term, is subject to few constraints, or 
fewer than those represented by the limited 
credit available to individuals or firms that at 
some point would have to pay their debts, rather 
than "postpone" them by increasing the public 
debt.!) 

I think these diagnoses are all accurate but 
partial. For the issue concerns not only the de­
mocracies but any society which seeks econom­
ic growth, yet has to balance the needs (if not 
the public demands) of its citizens for satisfac­
tions and security. The Soviet Union could 
emphasize growth (a naked ''primitive accumu­
lation," in Marx's very sense of the term) by 
promises of a utopian tomorrow, the brutal re­
pression of its peasants, and the direct and in­
direct coercion of its workers. But how long 
could this go on? It is evident that the next gen­
eration of Soviet rulers will face more and more 
demands, open or disguised, for the expansion 
of social claims, as well as for some influence 
(particularly among the managerial elites) over 
the allocation of state budgets. 

The problem already exists in Poland, where 
Gierek-who in that sense faces the same pro­
blems as Denis Healey-has to worry about 
capital formation for the renovation of Polish 
industry, yet maintains high prices for peasants 
as inducements to produce, and food subsidies 
for workers to keep their prices down. When he 
sought to realign the system by raising food 
prices, as economic logic compelled him to, he 
had almost a full-scale revolt by the workers on 
his hands. In fact, one can say that Poland is 
probably the only real Socialist government in 
Europe since it is the government most afraid 
of its working class. 

If one searches for a solution, the double bind 
manifests itself in the fact that inflation or un­
employment have become the virtual trade­
offs of government policy, and governments are 
in the difficult position of constantly redefining 
what is an "acceptable" level of unemploy­
ment and an "acceptable" level of inflation. It 
is compounded by the fact that where there are 
deflationary pressures, particularly within de­
clining economies, every group seeks to escape 
the necessary cut in its standard of living or 
its wealth, so that the pressures toward a greater 
corporate organization of society (and the abil­
ity to use that corporate power for wage in­
dexing or tax advantages) increase, and the 
heaviest burdens fall on the unorganized sec­
tions of the society, largely sections of the poor 
and the middle classes. The final irony is that 
with all the money being spent on social ex­
penditures there is an evident sense that the 
quality of the services is poor, that the social­
science knowledge to design a proper health 
system, or a housing environment, or a good 
educational curriculum, is inadequate, and that 
large portions of these moneys are increasingly 
spent on administrative and bureaucratic costs. 

2. Debt and protectionism. Almost every
Western society, as a result of Keynesian think­
ing, has stimulated its economy in the last 40 
years by means of deficit financing and pump 
priming (or in the newer, fashionable phrase, 
"demand management"), with the result that 
it has incurred ever deeper debts. 

According to the earlier theorists of "func­
tional finance," such as A.P. Lerner, debt 
meant very little in economic terms so long as 
(a) the amount of debt service was manageable
and did not become too large a lien on the soci­
ety, and (b) a nation could not go bankrupt
since it owed the money, really, to ''itself''
and could always reduce the debt if necessary,
so long as it had effective taxing power. In
fact, the theory went, a nation, like a giant
utility company, would never even "redeem"
its debt but continue to roll it over in new bor­
rowings, so long as the debt management level
was within "reasonable" limits-an "accept­
able" level which, like that of inflation and un­
employment, was constantly being redefined.

The difficulty in most countries today is that 
not only has the "internal" debt level been 
mounting steadily, but there is also a rising 
"external" debt which presumably has to be re­
paid at some point. And it is the combination 
of the two which seems so threatening to the 
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stability of the international monetary system. 
The major problem is the growth of external 

debt. To meet its obligations, Great Britain 
has now borrowed about $20 billion dollars, 
quite a low figure compared to its internal debt. 
Yet that money has to be repaid. To obtain 
money from the International Monetary Fund 
(IMr), Britain (like Italy, which is in a similar 
situation) has had to comply with various strin­
gencies imposed by the IMF as its "price" for 
the loan, one of these being even larger cuts 
in public expenditures than the Labour party 
had planned. 

But the question of external debt is a minor 
one, as yet, for the advanced industrial soci­
eties. The heaviest burdens fall on the non-oil­
producing less-developed countries, about a 
hundred in number. A conservative estimate by 
the Organization of Economic Cooperation and 
Development (oEco) in its Economic Outlook 
of December 1976 puts the figure at roughly 
$186 billion (some estimates go as high as $220 
billion), most of this incurred in recent years as 
a result of the rise in oil prices. Projections 
of that debt in 1985 go from nearly $350 bil­
lion to $500 billion. For these countries, the 
ratio of external debt to GNP is about 25 per 
cent; by 1985 it would rise to 45 per cent. 

If one takes the conservative figure of the 
aggregate external debt in 1976 as $190 bil­
lion, the deficit trade balance (imports over 
exports) is about $34 billion, and the debt ser­
vice about $13 billion. This makes, for 1976, a 
total of $4 7 bill ion as the amount of additional 
external borrowing required. If one takes the 
scenario to 1985, and an external debt of $500 
billion, the projected trade deficit would be $52 
billion and the debt service $34 billion, or a 
requirement of $86 billion in that year from the 
''richer'' countries. 

How can this be done? In 1974 to 1976, 
two-thirds of the Third World's borrowing (of 
$78 billion) was financed by the recycling of 
petrodollars through the Western banks. But 
how long can this continue? Any new loans 
would have to come from international agencies 
such as the IMF. But one of the conditions that 
the IMF usually imposes is that debtor countries 
reduce or eliminate their payments deficits­
and this can be done only by the sizable reduc­
tion of imports. 

In effect, the very discipline that an IMF 
would impose could only lead to a heightened 
economic nationalism and protectionism. This 
is the very prescription that the British Labour 

Left (aided by the thinking of the ''new'' Cam­
bridge school of economists, Wynne Godley, 
Michale Posner, and Robert Neild) has put 
forward. Import restrictions, they argue, are 
preferable to cuts in public expenditure. - Too 
many of the "wrong" things are being· im­
ported and, besides, if import controls were 
being established, domestic industry would take 
up the slack and produce the necessary items 
that are now being imported (such as more 
British cars). 

The British Left is advocating a "siege econ­
omy.'' But the pressures for protectionism are 
evident in almost every country that is feeling 
the shock of dislocations under competitive 
pressures. Japan, as every country knows, has 
subtly kept many foreign products outside its 
home market, while allegedly "dumping" var­
ious products onto other markets. The United 
States has begun retaliating by raising the tariff 
on Japanese television sets. American trade 
unions, once largely for free trade, are now 
completely protectionist, and the maritime 
unions have often been successful in their de­
mands that various subsidized exports be car­
ried in American bottoms. 

The 1929 world depression came when Brit­
ain decamped from international free trade and 
instituted "imperial preference"; actions soon 
followed by other countries, such as the United 
States, going off the gold standard and im­
posing export controls on capital. None of the 
present-day pressures exist on the same scale. 
But there is a great temptation for many coun­
tries, Britain included, to have a go at the game 
of protectionism. As The Economist (February 
26, 1977) recently commented: 

Economic nationalism will develop first among the 
poor and the weak, the countries with the largest 
trade deficits which have least to fear from retalia­
tion. Their governments will put on import restric­
tions, because they fear to impose socially disastrous 
and politically dangerous austerity measures at 
home. The first in this field will gain. But for the 
world as a whole this will be a negative-sum game. 
The result will be a further period of serious interna­
tional recession until inflationary pressures have been 
purged from the system. When, where and how 
quickly will this happen? 

3. The demographic tidal wave. The third
structural problem derives from demographic 
change, particularly in Latin America and Asia. 
Most demographic discussions have focused on 
the problem of the size of the world's popula­
tion by the year 2000-whether it would be six 
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Population Population lnHation Population 
Area or Country 1975 growth rate % Urban rate under 15 (%) 

Latin America 327.6 2.9 
. Mexico 59.3 2.4 
. Brazil I 13.8 2.9 
'Colu1nbia 24.7 3.2 

Venezuela 12.0 2.9 
Chile 10.7 I. 9
Argentina 25 1.5 

Asia 2,407.4 2.5 
India 636.2 2.6 
13angladcsh 79.6 3.0 
Pakistan 71.6 3.6 
Indonesia D7.9 2.7 
Philippines 44.7 3.2 
Thailand 42.3 3.1 
China 942 2.4 
Japan 111. 9 1.3 

Africa 420.1 2.8 
Nigeria 81.8 2.5 
Ethiopia 28.8 2.6 
Zaire 24.9 2.8 
Egypt 37.2 2.2 
Algeria 16.8 3.3 

Europe (excluding USSR) 474.2 0.8 
United Kingdom 56.2 0.2 
France 53 0.8 
W. Germany 62.6 0.5 
E. Germany 16.8 -0.4 
Poland 34.0 

USSR 254.3 

USA 219.7 

*Not available. 

billion or seven billion, and whether the world 
could sustain those numbers. But in any im­
mediate sense, the year 2000 is not the issue. 
A scrutiny of the accompanying table shows 
what is urgent: the percentage of the age cohort 
now under 15 years of age. This is a group al­
ready alive, which within the next decade will 
flood the schools and labor markets of the less­
developed countries. 

If one recalls the events of the I 960s in the 
West, much of the student unrest was due (not 
as a cause, but as a condition) to the tidal wave 
of young people that rolled through the univer­
sities in the middle and late I 960s. In the 
United States, for example, there was no in­
crease at all in the proportion of young people 
between 17 and 22 in the 1940 to 1950 decade, 
and no increase at all in the proportion of young 
people in the following decade. Yet from 1960 
to 1968, reflecting the "baby boom" of the 
early postwar years, the proportion of young 

0.9 

0.9

1.0 

60.4 43 
63.2 22.5 48 
59.5 32.7 42 
61.8 31 47 
82.4 11.9 45 
83.0 365 40 
80 29 

21.5 31 42 
6.8 100 45 

26.9 * 44
19.3 34.4 45 
36 30 43 
16.5 21.3 46 
23.5 * 36
75.2 24

24.5 44
23.1 12 45 
11.2 45
26.2 29.3 44 
47.7 42 
49.9 47

67.2 26 
78.2 24
76.1 25 
83.4 23
74.9 21
56.5 25

60.5 29 

76.3 27

people jumped more than 50 per cent. What 
one found was an increasing self-awareness 
of the group as a separate "youth culture" 
(and youth market), an increasing competitive­
ness to get into the good schools, and, owing 
to the draft, into graduate and professional 
schools. This large expansion of an age cohort, 
combined with the moral ambiguity of the Viet­
nam war, turned a large part of this genera­
tion, particularly its elites, against the society. 
And a similar process occurred in Western 
Europe. 

If one looks ahead to the next decade, what 
is striking is the extraordinarily high proportion 
of young people in Latin America (with the ex­
ception of Argentina), Asia (except Japan), and 
Africa. In Europe, during the I 960s, the large 
number of "surplus" workers in Turkey, Yu­
goslavia, Greece, and southern Italy could be 
drawn "north" by the expanding economies of 
the Western European tier. (Now large pockets 

202



 TECHNOLOGY AND THE PROFESSIONS 

of such workers remain, creating a growing 
problem for these countries, such as the Turkish 
knots in West Berlin.) But where will the "sur­
plus'' populations of the developing world go 
in the coming years? The problem is com­
pounded by the fact that there already exists 
in Latin America a high degree of urbanization, 
high inflation rates, and high unemployment or 
underemployment rates. Both Mexico and 
Brazil, whose industrial production have been 
growing at the astounding rates of between 12 
and 15 per cent a year, are by now almost at 
the peak of their potential. Yet both face a 
doubling of the entry rate into schools and the 
labor force in the next decade. 

Mexico, with its highly concentrated popula­
tion in the Federal District of Mexico City­
which contains about a fourth of the entire pop­
ulation of Mexico-is an especially sensitive 
case. In 1920, Mexico had a population of 
little more than 14 million persons. Fifty years 
later, it was more than 60 million ( or more than 
almost every country in Western Eurpoe), and 
by the end of the century it will probably have 
at least I 00 million persons. The United States 
is belatedly waking up to the problem of mil­
lions of illegal aliens flowing across the border 
and finding sleazy jobs in small service and 
manufacturing establishments whose owners 
welcome the cheap, exploitable labor, since 
they need not pay large social fringe benefits, 
and the workers have to be docile lest they be 
deported. But what is the solution? Is one to 
string barbed wire across two thousand miles of 
border? Or engage in periodic dragnets in the 
major cities of the country? And can Mexico it­
self, facing these explosive problems of popula­
tion, escape the risks of military dictatorship 
when its problems become ''unmanageable''? 
What will foreign capital do under those cir­
cumstances? Can any of these questions be met 
without some form of international migration 
policy? 

4. Rich and Poor Nations. The rich and the 
poor may always be with us, but in what pro­
portions? One of the most striking facts about 
the period since World War II, in terms of its 
psychological impact, has been the growth in 
the world's middle class-using the term, 
crudely, to mean those who could purchase 
domestic electrical appliances, have a tele­
phone, buy a car, use a stated amount of en­
ergy per capita, etc. According to the calcula­
tions of Nathan Keyfitz, between 1950 and 
1970, the middle class grew from 200 million 

to 500 million persons-to about 12.5 per cent 
of the world's population, or more than 40 per 
cent if we assume that this growth was largely 
within the rich and middle income countries. 10 

If we were able, in the next 20 years, to main­
tain that rate-4.7 per cent a year achieved in 
the best period we have seen in world economic 
history-about 15 million of the 75 million 
persons who are being added to the world's 
population each year would be added to the 
middle class. But the remaining 60 million 
would be poor. 

Of the many important issues between the 
rich and the poor nations, perhaps the most 
sticky, and the real time bomb in international 
economic relations, is that of industrialization. 
The goal of the developing countries, stated in 
the UNIDO Declaration and Plan of Action on 
Industrial Development and Co-operation is­
sues agreed in Lima in 1975, is that by the year 
2000, the developing countries should account 
for at least 25 per cent of the world's indus­
trial production. It is typical of the rhetoric that 
in the Lima Declaration the term "industry" 
was not defined, nor was it specified whether 
"industrial production" means gross or net 
industrial output, nor was there even an un­
ambiguous definition of what constituted the 
group of developing countries! 

However, at the United Nations Conference 
on Trade and Development (UNCTAD) meeting 
in Nairobi in May 1976, a more serious and 
specific effort was made to spell out the im­
plications of that target. The paper presented to 
UNCTAD considers manufacturing only (exclud­
ing mining, electricity, gas, and water), defines 
production as net output (value added, or the 
sector's contribution to Gross Domestic Prod­
uct), and includes Yugoslavia and Israel within 
the definition of developing countries. 11 

Taking the growth rates of manufacturing 
output for the developed-market economies and 
for the countries of Eastern Europe for 1960 
to 1972, the UNCTAD document projects the 
estimated production values from 1972 to the 
year 2000 at those growth rates, and reaches 
a figure of $6,500 billion in 1972 dollars. ''The 
Lima Target," declared the document, "postu­
lates that the share of the developing countries 
in world manufacturing output will increase 
from a share of 9 .3 per cent in 1972 to 25 per 
cent by the year 2000 which, when applied to 
the figure given above, yields a value of $2,165 
billion. To reach this output volume, manufac­
turing output in the developing countries would 
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have to maintain an annual growth rate of over 
11 per cent per year-conzpared with the 
growth of 6.6 per cent attained during the peri­
ocr 1960-1972 -or in other words their manu­
facturing output would have to be 20 times the 
output achieved in 1972." (emphasis added) 

To put that figure in meaningful perspective, 
the growth rates of manufacturing output in the 
developed "market-economy countries" from 
1960 to 1972 was 5.6 percent and for the "So­
cialist countries" 9.0 per cent a year. The pros­
pect of reaching the UNCTAD target, even by 
radical restructuring of the composition of the 
manufacturing output (i.e., a shift from light to 
heavy industry), is clearly improbable. The 
UNCTAD document then draws upon another 
report, prepared for the International Labor 
Organization (ILO) conference in June 1976 on 
Income Distribution and Social Progress and 
the International Division of Labor. This docu­
ment deals with the ''eradication of absolute 
poverty'' among the hard core of the poor, de­
fined as the poorest 20 per cent of the world's 
population, and points out that to achieve this 
target by the year 2000 by economic growth 
alone would require a "doubling of the already 
rapid rates of GNP growth in developing coun­
tries, a contingency that is considered un­
likely." 

What, then, is the answer? The ILO report, 
echoed by the UNCTAD document, states that 
''if substantial income redistribution policies 
were introduced, most developing countries 
would appear to achieve the basic needs objec­
tive by growth at an annual rate of approxi­
mately 7 to 8 per cent,'' and that ''the proposed 
strategy implies quite high levels of investment, 
without which there would be neither growth 
nor meaningful redistribution.'' The rhetoric is 
not that of the Communist Manifesto. Given the 
platforms, those of United Nations' agencies, 
the language is stiff and bureaucratic. Given 
the proponents, however, the key terms "sub­
stantial income redistribution'' and ''high 
levels of investment'' have a menacing ambigu­
ity. The point, however, is clear. Here is the 
agenda of international politics for the rest of 
the century. Whether the proponents of the 
''new international economic order'' have the 
political or economic strength to enforce these 
demands, is another question. 

V 

If one reviews the nature of the structural 
situations facing the advanced industrial so-

cieties in the 1970s, what is striking are the 
parallels to the l 920s and 1930s. If one looks 
at the period not in terms of the character of 
the extremist movements of the time, but to 
understand why the Center could not hold­
from the vantage point of the governments, so 
to speak -there were four factors that, con­
joined, served to reduce the authority of the 
governments, imperil their legitimacy, and 
facilitate the destruction of these regimes. 
These were: 

The existence of an "insoluble" problem. 
The presence of a parliamentary impasse 

with no group being able to command a 
majority. 

The growth of an unemployed educated in­
telligentsia. 

The spread of private violence which the 
ruling regimes were unable to check. 

In that period, the "insoluble" problem was 
unemployment. No government had an answer. 
The Socialists, when in office, as in Germany 
in 1930 or England in 1931 could only say 
(as did Rudolf Hilferding, the most eminent 
Marxist economist of the time, who served 
as a minister in the Mi.iller cabinet in 1930) that 
under capitalism the state could not intervene 
and one had to let the depression run its course. 
In England, as Tom Jones, the friend of 
Ramsay Macdonald, confidant of Stanley Bald­
win, and a member of the key Unemployment 
Board with Sir William Beveridge, noted in 
his A Diary with letters, no one at the time 
knew what to do. 

The parliamentary impasse arose out of the 
polarization of parties and, in the Latin coun­
tries, the unwillingness of the Socialist parties 
to enter ''bourgeois governments'' lest they be 
co-opted (as a large number of French Socia­
lists from Briand to Mitterand have been) and 
leave the Socialist movement. Thus in Spain, 
in Italy, in France, the parliaments were in 
shambles. 

The unemployed intelligentsia consisted of 
lawyers without clients, doctors without pa­
tients, teachers without jobs, the group that 
Konrad Heiden, the first historian of National 
Socialism, was to call "the armed Bohemi­
ans.'' The entire first layer of the Nazi party 
leadership, Goebbels, Rosenberg, Strasser, 
were of this stripe. 

The spread of private violence arose out of 
the private armies of the extremist groups-the 
Black Shirts, the Brown Shirts, the Com­
munists, with their own grey and red uniformed 
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detachments, and even the Socialists with their 
Schutzbund in Austria-and the efforts of these 
groups to control the "streets" and carry out 
their demonstrations. 

The result, of course, was the rise of authori­
tarian and Fascist regimes in Portugal, Italy, 
Germany, Austria, and Spain, and the menac­
ing threat of Fascist movements in France (de 
la Roque and the Cagoulards), in Belgium 
(Degrelle), and the Great Britain (Mosley). 
In these instances, the decisive support came 
from the middle class, which feared being de­
classed, and the traditionalist elements, which 
feared the rising disorder. When Hans Fallada 
asked, in the famous title of his novel, ''Little 
Man, What Now?'' the answer was a right­
wing reaction as preferable to left-wing Bolshe­
vism. The Center no longer had a chance in 
most of these countries. 

If one looks at the situation in the 1970s, 
there are some sinister parallels. The insoluble 
problem is inflation. Few of the economists, 
once so sure of their mastery of policy, now 
can agree upon an answer; and to the extent 
that there is one, it is reminiscent of the old 
answer of Hilferding: a deflationary policy that 
takes its toll by unemployment. To reduce the 
fever, one resorts to amputation. With continu­
ing or a yo-yo inflation, there is rising anxiety, 
especially in the middle classes. With high 
levels of unemployment, the young, the blacks, 
and the poor suffer most. 

The parliamentary impasse is reflected in the 
fact that there is not a single majority govern­
ment in Western Europe. Every country is ruled 
by a coalition of parties, no single one of which 
commands a majority on its own. In England, 
France, and Italy the ruling governments are led 
by minority parties that often dare not act, or 
cannot govern effectively. 

The increase in the educated intelligentsia is 
an obvious fact in every Western country, a 
product of demographic idiosyncracy and de­
flationary cuts in public expenditures, but an 
explosive force no less, as is being shown in 
Italy today. 

The private violence of the 1920s and 1930s 
is replaced by urban terrorism, fitful and spo­
radic in most cases, yet sufficiently menacing 
in Northern Ireland to turn that country into a 
garrison state. 

No parallels are ever historically exact, and 
they can mislead as often as help, as we have 
seen by the occasions when words like "Mua 

nich'' or the ''betrayal of Ramsay Macdonald'' 

are invoked. Yet, distorting mirrors though 
they may be, they allow us to see what may be 
similar and what may be different. 

Even with the growing anxieties of the mid­
dle class, as in Denmark and Sweden and En­
gland, and, less obviously, in France and Italy, 
it is highly unlikely that any of the European 
countries will go Fascist, or see a strong right­
wing reaction. These movements are too dis­
credited politically and would lack any histor­
ical legitimacy. What is more likely to happen 
in Europe, as well as in many other countries, 
is .fi'agmentation -both in geographical terms 
and as a result of the unraveling of the society 
in functional terms. 

There are two reasons for the greater possi­
bility of fragmentation as the likely response in 
the coming decade, and they are clearly visible. 
One is that most societies have become more 
self-consciously plural societies (defined in eth­
nic terms) as well as class societies. The re­
surgence of minority-group consciousness in al­
most every section of the world-in national, 
linguistic, religious, and communal terms­
shows that ethnicity has become a salient polit­
ical mechanism for hitherto disadvantaged 
groups to assert themselves. The second reason 
is that in a world marked by greater economic 
interdependence, yet also by a growing desire 
of people to participate at a local level in the 
decisions that affect their lives, the national 
state has become too s,nall for the big proble,ns 
in life, and too big for the srnall problems. In 
economic terms, enterprises seek regional or 
transnational locations, moving their capital 
and often their plants where there is the greatest 
comparative advantage. In sociological terms, 
ethnic and other groups want more direct con­
trol over decisions and seek to reduce govern­
ment to a size that is more manageable for 
them. 

The threat of geographical fragmentation can 
be seen in the United Kingdom, with possible 
devolution for Scotland and Wales; in Northern 
Ireland, with the bitter religious fratricide; in 
Belgium, with the traditional enmity of the 
Flemish and the Walloons; in Canada, on the 
linguistic issue between the French in Quebec 
and the English-speaking groups in the other 
provinces; in France, where there are small 
separatist movements in Corsica and Brittany; 
in Spain, with the traditional claims for Cata­
Ionian and Basque autonomy; in Yugoslavia, 
where there are the smoldering rivalries of the 
Serbs, Croats, Slovenes, and Montenegrins; in 
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Lebanon, where the binational state has fallen 
apart and become a client of Syria. Pakistan 
split apmi into West Pakistan and Bangladesh. 
Nigeria.· has just survived a civil war, over­
coming the threat of Biafran succession. In var­
ious African countries, in the landlocked areas 
of the Sudan, and Rwanda-Burundi, whose 
tribes and peoples are being quitely slaugh­
tered, almost unnoticed. 

Nor is the Soviet bloc immune. Politically, 
there has been a very real fragmentation in the 
Joss of the earlier Stalinist hegemony over the 
countries of Eastern Europe and the European 
Communist parties. The unrest is ever latent in 
Poland and in Czechoslovakia. Within the So­
viet Union, there is the evident unease at the 
shifting demographic balances that, by the year 
2000, will make the Great Russians a minority 
in the Soviet world, and will produce a piquant 
situation where three of every ten recruits for 
the Soviety army will be Muslim. 

Functionally, fragmentation consists of the 
effort of organized corporate groups to exempt 
themselves from the incomes policies that re­
gimes inevitably have to resort to, in one way 
or another-through an overt social contract or 
through the tax mechanism -in order to reduce 
inflation. There is the likelihood in many coun­
tries of the breakup of the party systems. 
Though such structures have a powerful life of 
their own, in many countries they evidentiy do 
not reflect underlying voter sentiment. In Brit­
nin, the majority of people are for the "center," 
yet the party machines fall into the hands of the 
more extreme right-wing, as in the Conserva­
tive party, or in the hands of the left-wing, as 
is almost the case in the Labour party. Where 
the party system does not break up, there is a 
greater likelihood of volatility, with individuals 
arising-as did Jimmy Carter-to present them­
selves as "protest" candidates, and, using the 
mechanisms of primaries, direct elections, and 
the visibility generated by the media, catapult 
themselves into office. 

VI 

Is there a way out? In principle, there is an 
answer. It is the principle of '' appropriate 
scale.'' What is quite clear is that the existing 
political structures no longer match the under­
lying economic and social realities, and just as 
disparities of status and power may be a cause 
for revolution, so the mismatch of scales may 
be the source of disintegration. 

What was evident in the 1930s, in a wide 

variety of political circumstances, was that the 
national state became the means to pu 11 the 
economy and society together. If one looks 
back at the New Deal of Franklin D. Roosevelt, 
it was not "creeping socialism" or "shoring 
up capitalism'' that characterized his reforms 
(though there were elements of both in his mea­
sures), but the effort to create national political 
institutions to manage the national economy 
that had arisen between 1910 and 1930. By 
shifting the locus of policy from the states to 
the federal government, Roosevelt was able to 
carry out macroeconomic measures which later 
became more self-conscious, particularly as the 
tools of macroeconomic analysis (the ideas of 
national income accounts and GNP, both of 
which were only invented in the 1940s and 
were introduced in the Roosevelt budget mes­
sage of 1945) came to hand. 

But the national state is an ineffective in­
strument for dealing with the scale of major 
economic problems and decisions which will be 
necessary in the new world economy that has 
grown up, though national interests will always 
remain. The problem, then, is to design effec­
tive international instruments-in the mone­
tary, commodity, trade, and technological 
areas-to effect the necessary transitions to a 
new international division of labor that can pro­
vide for economic and, perhaps, political 
stability. (It would be foolish, these days, to 
assert that economics determines politics; but 
the economic context is the necessary arena for 
political decisions to be effective.) Such inter­
national agencies, whether they deal with com­
modity buffer stocks or technological aid, are 
necessarily "technical," though political con­
siderations will always intrude. Yet the creation 
of such mechanisms is necessary for the play of 
politics to proceed more smoothly, so that when 
some coordinated decisions are taken for po­
litical reasons, there is an effective agency to 
carry them out. 

At the other end of the scale, the problem of 
decentralization becomes ever more urgent. 
The multiplication of political decisions and 
their centralization at the national level only 
highlight more nakedly the inadequacies of the 
administrative structures of the society. The 
United States, as Samuel P. Huntington once 
remarked, still resembles a Tudor polity in its 
multiplication of townships, counties, incor­
porated or unincorporated villages. With such 
overlapping jurisdictions and inefficiencies not 
only are costs-and taxes-multiplied, but 

206



 TECHNOLOGY AND. THE PROFESSIONS 

services continue to decline. We have little 
sense of what is the appropriate size and scope 
of what unit of government to handle what 
level of problem. What is evident is that the 
overwhelming majority of people are increas­
ingly weary of the large bureaucracies that 
now expand into all areas of social life-an 
expansion created, not so paradoxically, by the 
increased demand for social benefits. The dou­
ble bind of democracy wreaks its contradictory 
havoc in the simultaneous desire for more 
spending (for one's own projects) and lower 
taxes and less interference in one's life. 

Yet here, too, there is the possibility of a 
way out: the use of the market principle-the 
price mechanism-for social purposes. As 
against the ritualistic liberal, whose first reac­
tion regarding any problem is to call for a new 
government agency or regulation, or the hoary 
conservative who argues that the private enter­
prise system can take care of the problems (it 
often cannot, for some coordinated action by a 
communal agency is necessary), one can use 
the market for social purposes-by giving peo­
ple money and letting them buy the services 
they need in accordance with their diverse 
needs, rather than through some categorical 
program. 

. . . In a world where, at the large and small 
ends of the scale, social stability is threatened 
and governance becomes difficult, questions of 
domestic and foreign policy quickly intertwine. 
For if the national state is too small for the big 
problems of life and too big for the small prob­
lems, we have to begin to think-and, given 
the shortness of time and the specter in the 
streets, to concentrate the mind, as Dr. Johnson 
would have said-about what other political ar­
rangcrnents may be necessary to give us sta­
bility and freedom in this shrinking world. 

NOTES 

1This, as well as many other striking insights, is to be 
found in the neglected book of Brooks Adams, The New 
Empire (New York: MacMillan, 1902), a powerful his­
tory of the rise and fall of empires in response to the chang­
ing trade routes, the exhaustion of metals and resources, 
and the intersecting influences of geography and tech­
nology. 
2UNCT/\.D Statistical Handbook, 1973. 
:isee Richard Jolly, "International Dimension," in Hollis 
Chenery, ct. al., Redistribution with Growth (New York: 
Oxford University Press, 1974). 

·'So rapid was this political change that most persons do 
not know that the issue which threatened to split the So­
cialist International in the 1930s was the question (summed
up in the so-called Bauer-Dan Zyromski theses) of en­
tering "bourgeois coalitions." 
5 lf one reviews the sociological and political literature of
the 1930s, it is striking that almost none of the major works
dealing with contemporary crises foresaw the change in
the international system. The only country that had a "vis­
ible" independence movement was India, and it was as­
sumed that, someday, it would achieve a greater degree of 
self-government within the Commonwealth framework. Al­
most all the preoccupations were with the threat of fascism
and the breakup of the liberal bourgeois states. For a rep­
resentative book of those times, see Karl Mannheim, Man
and Society in an A1;e <f Reconstruction (New York: Har­
court Brace Jovanovich, 1967).
Ufnternational money markets are now so sensitive that­
as the London Times of November I, 1976 reported-some
800 banks and 250 corporations, from Hong Kong to Eu­
rope and across the United States, pay .£'. 7,000 a year to 
be plugged into the Reuters Money Market service, a com­
puterized electonric monitoring service on exchange rates 
in different world centers. 
7 1 have tried to deal with the social consequences of the 
impact of each on the other in a monograph, "The So­
cial Framework of the Information Society," for the Labo­
ratory for Computer Science at M.I.T .. Part of that study 
will be included in a volume on the future of computer 
technology, edited by Michael Dertouzos and Joel Moses, 
to be published by the M.1.T. Press in spring of 1978. A 
different section appears in Encounter, June 1977. See also 
Daniel Bell, The Coming of Post-Industrial Society (New 
York: Basic Books, 1973); also a paperback version (New 
York: Basic Books, 1976) with a new introduction . 
KFor the origin and development of Schumpeter's idea, see 
Daniel Bell, "The Public Household-on Fiscal Sociol­
ogy and the Liberal Society," in The Public I merest, Fall 
1974. A variant version of that essay is included in Daniel 
Ilell, The Cultural Contradictiom; of Capitalism (New 
York: Basic Books, 1976). 
9See Richard Rose and Guy Peter, "Can Government Go 
Bankrupt," unpublished paper, December 1976, to appear 
in a volume of the same title by Basic Books in spring 
1978; Jurgen Habermas, legitimationsprobleme in Spiit­
kapitalismus (Frankfurt, 1976. English translation, Legiti­
mation Crisis, by Beacon Press, 1976); Samuel P. Hunting­
ton, "The Democratic Distemper," in The Public Interest, 
Fall 1975; and Samuel Brittan, ''The Economic Contradic­
tions on Democracy," in the British Journal of Political 
Science, 1975, no. 2. For a neo-Marxist view, see James 
O'Connor, The Fiscal Crisis of the State (New York: St. 
Martin's Press, 1973), and, for an effort to put the econom­
ic issues in a cultural as well as political context, Daniel 
Bell, Cultural Contradictions of Capitalism (New York: 
Basic Books, 1976). 
10Sce Nathan Keyfitz, "World Resources and the World 
Middle Class," Scientific American, July 1976. 
11 United Nations, Secretariat, Conference on Trade and 
Development, The Dimensions of the Required Restructur­
ing of World Manufacturing Output and Trade in order to 

Reach the Lima Target, Supp. I (TD/185), April 12, 1976. 

207



TECHNOLOGY, BUSINESS, AND POLITICAL ECONOMY  

Bottle babies: death and business get their market 
LEAH'MARGULIES 

■ Leah ·Margulies has been a coordinator of the fllji1111 Formula Campaign since 1975. She has long been i111erested 
in the dynamics of marklt expansion by Western cmpormions into Third World countries, and especially in the 
marketing o

f 

Wesrem 111iddle-c/ass products to poor people in the Third World. She is now co-authoring a book about 

the baby-J<mnula controversy. 

In H llottlc llabies: Death and llusiness Get Their Market," Margulies provides a bleak account of the a/Tempts 
made by Nest/{, and other cm1>omtim1.1· to replace breast feeding with bo11/e feeding among the poor of the Third 
World. She describes the suffering, 111a/11utrition, and death rnused by the Nestle infant formula cwnpaign, as well 
as the dilemma o

f 

the hospita/.1· and physicians who co-opemte with Nestle in exchange }<1r sorely needed medical 

equipmelll. "Becau.1·e of . . .  growing co11dem11mio11 o
f 

industry pmctices, the companies have made some attempts 
to deal with their critics. /11 most cases however, the co11ces.1·ions do not signijica111/y alter the outcome o

f 

formula 

promotion." She poi111s 0111 that the profitsfrmn infant .formula sales in the Third World rnn quite high. 

Caracas, Venezuela, July 1977: In the emergency 
room of the Hospital de Niiios, a large facility in the 
center of the city, lie 52 infants. All are suffering 
from gastroenteritis, a serious inflammation of the 
stomach and intestines. Many also suffer from pneu­
monia. According to the doctor in charge, 5,000 
Venezuelan babies die each year from gastroenteri­
tis, and an equal number die from pneumonia. The 
doctor further explains that these babies, like many 
who preceded them and those who would follow, 
have all been bottle-fed. He remarks, "A totally 
breast-fed baby just does not get sick like this." 

Poverty, inadequate medical care, and unsan­
itary conditions make bottle feeding, to quote a 
government nurse in Peru, "poison" for babies 
in the developing countries. Yet bottle feeding 
is rapidly becoming the norm in Third World 
countries. In 1951, almost 80 percent of all 
three-month-old babies in Singapore were being 
breast-fed at the age of three months; twenty 
years later, only 5 percent of them were at the 
breast. In 1966, 40 percent fewer mothers in 
Mexico nursed their six-month-old babies than 
had done so six years earlier. 

The end result of this significant change in 
human behavior is higher morbidity and mortal­
ity rates among bottle-fed babies. Many well­
known studies provide evidence of the relation 
between bottle feeding and infant malnutrition, 
disease, and death. Of course, it is impossible 
to know how many babies are getting sick or 
dying because of bottle feeding, but the number 
is large and growing throughout the develop­
ing world. Dr. Derrick Jelliffe, head of the De­
partment of Population, Health, and Family 

D Reprinted by permission from the Business and Society 
Review, Spring 1978, Number 25. Copyright © I 978, 
Warren, Gorham and Lamont, Inc., 210 South Street, 
Ooston, Mass. All rights reserved. 

Planning at the UCLA School of Public Health, 
conservatively estimates that about IO million 
babies a year suffer from malnutrition related 
to bottle feeding. The phenomenon is literally 
worldwide. According to medical reports of 
malnutrition among Eskimo children in the Baf­
fin Zone of Canada, almost 5 percent of the in­
fants born there in 1973-74 had to be flown to 
Montreal for emergency treatment, and doctors 
believe that one of the major causes of this trag­
ic development was bottle feeding. 

At the center of the bottle-feeding controver­
sy are the promotional practices of the corpora­
tions who sell bottles and powdered baby milks 
in the Third World. Critics believe that promo­
tion of these powders to mothers who do not 
have the facilities to properly prepare the feeds 
is a deadly way to make a profit. However, de­
spite the increased activity of critics and ac­
knowledgments by industry that improper bottle 
feeding can be dangerous, sales of infant for­
mulas in poor countries are still escalating. 

The corporations that sell infant formula in 
the Third World run the gamut from prestigious 
American, Swiss, British, and Japanese multi­
national corporations-like Abbott, American 
Home products, Bristol-Myers, Nestle's, and 
Cow and Gate-to local fly-by-night manufac­
turers trying to cash in. The concentrated cam­
paign to attract Third World consumers began 
in the late 1950s. Soon a body of literature arose 
to help business conquer this almost virgin ter­
ritory. For example, various articles advised 
foreign marketers that, in the absence of a mid­
dle class, they should consider the urban poor 
as an important potential market. 

Business began to understand the market po­
tential of a poor population with many unful-
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filled needs. Often the real needs of the poor 
could be obscured by a corporate sales strategy 
which promised the satisfaction of newly cre­
ated needs. Mass media-TV, radio, and news­
papers-could convey the promise that new 
products would meet these new needs. Fortune 
magazine heralded this new age with an article 
entitled, "Welcome to the Consumption Com­
munity." It was therefore not surprising that 
when the "Community" of infant formula con­
sumers in the United States began to shrink as 
postwar birth rates declined and middle-class 
women in the developed countries decided they 
had been deprived of the experience of breast­
feeding and began turning to the more natural 
way, the corporations turned to the ripe Third 
World market. 

For the companies, baby formula sales strat­
egics have paid off. Unfortunately no reliable 
statistics on infant formula sales are publicly 
available, although sometimes companies have 
inadvertently revealed the extent of their com­
mitment to the product. World-wide sales of 
formula are estimated to total around $1 billion, 
with Nestle's figure at roughly $300-400 mil­
lion. Nestle reportedly controls approximately 
half of the formula market in developing coun­

tries. 
Whatever the sales figures at present, they 

will undoubtedly increase in the future. Bristol­
Mycrs, for instance, has consistently reported 
sales gains for its Enfamil infant formula. 
Moreover, the upward trend, for the other com­
panies as well as for Bristol-Myers, shows few 
signs of abating. Of course, sales figures do 
not tell the full story. Profit rates for infant for­
mulas are also thought to be quite high. Accord­
ing to a 1977 supermarket sales printout from 
Brazil, commercial formula enjoyed a 72 per­
cent profit margin, while all other supermarket 
products ranged between 15 percent and 25 per­
cent. 

WHAT JS IT'! 

What kind of product is infant formula? It is 
a highly processed food, based primarily on 
cow's milk. While the fat content and sugar 
source arc patterned after mothers' milk, the 
company's claim that it is "nearly identical to 
mother's milk" is ridiculous. Maternal milk is a 
living substance, unique in many ways. Besides 
supplying the proper quantities of protein, fats, 
and other nutrients, it protects the infant from 
disease by providing antibodies important to the 
development of the immunization system. For-

mula does not have the digestibility of mothers' 
milk. Sometimes the product is sold premixed, 
but in the Third World it is more often sold as a 
powder that requires measured amounts of pure 

water for the proper reconstitutions. Sterilized 
bottles and nipples are also necessary. 

There are a number of reasons why infant 
formula sells so well in the Third World. A 
mother in a developing country often finds her­
self in situations totally unlike those her mother 
ever experienced. She may, for instance, work 
outside the home, listen to the radio, or watch 
TV. These situations can be disorienting, and 
new values and attitudes must be formed in or­
der to deal with them. Newly acquired values 
such as social mobility, as well as a high regard 
for modern products and medical expertise, 
make her a particularly vulnerable target for so­
phisticated formula marketing campaigns. The 
smiling white babies pictured on the front of 
formula tins can lead her to think that rich, 
white mothers feed their baby this product and 
that therefore it must be better. 

Going into a hospital to give birth can be an 
especially frightening situation for a young 
Third World woman. Since in many countries 
only a small proportion of women attend the 
prenatal clinic (if there is one), a mother's ma­
ternity stay may be one of the few times in her 
life that she will go into a hospital. Any prod­
ucts given to her in this environment will seem 
to carry medical endorsement. 

Imagine the reaction of a Third World moth­
er in her home, or a group of mothers in a clinic 
or hospital attending a class, to a woman in a 
crisp nurse's uniform. The woman may or may 
not be a nurse. She begins her speech, tactfully 
enough, by reassuring them that "breast is 
best," but she enc.ls by extolling the virtues of 
her company's product over the natural method. 
Capitalizing on the respect given a nurse, the 
use of a "milk nurse" implies a connection be­
tween the health care profession and the com­
mercial product. 

In developed and developing countries alike, 
one of the hospital practices most damaging to 
breast-feeding efforts-and one implicitly sup­
ported by company promotional practices-is 
the separation of mothers and infants shortly af­
ter birth. During the twelve to forty-eight hours 
of separation, the infants are bottle fed in the 
nursery. Mothers are sometimes given anti lacta­
tion shots during this period. Thus when a 
mother is finally reunited with her baby, switch­
ing from bottle to breast is made more difficult. 
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furthermore, if the hospital has no incentive to 
teach her, the woman is even less likely to 
breast-feed. Formula companies create a strong 
climate for their products with their constant of­
fers to se� up bc)ttle sterilization and preparation 
facilities, to eq-uip nurseries, and to provide free 
supplies of formula. Busy doctors and nurses 
are led to adopt the postnatal separation strategy 
by the willingness of formula companies to 
make this approach easier than breast-feeding. 

Medical personnel are a prime target for pro­
motion because they are the direct link to moth­
ers. Although it is the patient who ultimately 
pays for the product, doctors tell her what to 
buy, and the difference in backgrounds of doc­
tor and patient may well lead to an inappropri­
ate choice. As Dr. John Knowles, president of 
the Rockefeller Foundation, stated in a letter to 

· the chairman of Bristol-Myers:

The problem is not a 'scientific' one. The problem is 
poverty and the inadequate home environment which
makes the use of prepared formulae so lethal. This
the physician is not uniquely qualified to understand. 
In fact, he may be precisely the most unqualified to 
understand, since he undoubtedly comes from a dif­
ferent socio-economic background and may have no
idea of the home conditions of the poorest mothers 
of his own society. 

Many dedicated physicians face a real di­
lemma when dealing with the promotion efforts 
of formula companies. Their hospitals and clin­
ics are often woefully short of medical equip­
ment and supplies. Under such circumstances, 
it may seem harmless, indeed charitable to 
agree to give away free samples of infant for­
mula to mothers in exchange for the company's 
gift of medical stocks or a new nursery. One 
hospital administrator in Malaysia has ex­
plained. "It is a very corrupting influence. You 
are always aware that you could have virtually 
anything you ask for." 

MARKETING FOR BABIES 

These marketing strategies are consciously 
decided upon and implemented through instruc­
tions to sales personnel, milk nurses, and dis­
tributors. Note the following extract from 
American Home Products selling instructions 
for 1975: 

Selected doctors: 40-50 doctors per territory includ­
ing 5 or 6 VIP's. These doctors should all be selected 
on the basis of their known influence on the selection 
of formula by mothers and by hospital or clinic ma­
ternity services. 

Sampling: ... Maternity services should be given 
primary allocation of free samples, geared to pro­
ducing potential sales. 

Companies believe, and with good reason, that 
the product a mother goes home with is the 
product she will be loyal to. A 1969 study of 
120 mothers in Barbados showed that 82 per­
cent of the mothers given free samples, whether 
in a hospital or at home, later purchased the 
same brand. Thirty-two percent of them ad­
mitted that they were influenced by the free 
sample. 

This aggressive market penetration and con­
sumer creation are particularly destructive be­
cause they affect the most important resource 
developing countries have-people. In Chile in 
1973 three times as many deaths occurred 
among infants who were bottle fed before three 
months old than among wholly breast-fed in­
fants. A research team inspecting feeding bot­
tles there discovered a bacterial contamination 
rate of 80 percent. Poverty and underdevelop­
ment lead to abuse of even legitimate baby milk 
substitutes. Poor mothers cannot afford them in 
the quantities needed. Water is often contami­
nated, and the necessary boiling is rarely pos­
sible. Illiteracy makes it difficult to follow 
proper directions. Early weaning of infants 
from the breast to bottled infant formula is ac­
companied by increasing cases of diarrhea and 
gastroenteritis. Improperly attended-as they 
are likely to be due to inadequate medical 
care-these disorders result in many deaths. 

Malnutrition is another common result and 
has been described as "commerciogenic mal­
nutrition." This is not meant to imply that the 
manufacturers are solely responsible but sim­
ply that this type of malnutrition has nothing 
directly to do with underdevelopment and lack 
of food resources. As Dr. Michael Latham, a 
pediatrician and Cornell University professor of 
nutrition stated, "Placing a baby on the bottle 
in the Third World might be tantamount to sign­
ing that baby's death certificate." 

A 197 5 Pan American Health Organization 
study found that childhood deaths from malnu­
trition peaked in the third and fourth months of 
life, because of the early abandonment of 
breast-feeding. The study covered some 35,000 
deaths in fifteen countries. Medical studies link­
ing bottle feeding with infant mortality and 
morbidity cover practically all areas of the 
Third World and some developed countries as 
well. A 1977 study in Cooperstown, New York, 
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compared 164 breast-fed infants with I 62 for­
mula-fed infants; significant illnesses increased 
as breast-feeding declined. In 1970 a study in 
Jamaica, West Indies, revealed a higher inci­
dence of gastroenteritis in the first four months 
of life among partly or wholly bottle-fed babies 
than among breast-fed babies. Other studies 
have reported similar results from Chile, Leba­
non, Israel, Lagos, and others. 

Hospital reports and personal testimony from 
doctors and nurses confirm these findings. Doc­
tors in Jamaica have reviewed the records of 
thirty-seven seriously ill infants admitted in 
1975 into their hospital, the Tropical Metabo­
lism Research Unit in 1975. Twenty-five of the 
thirty-seven patients had been fed a brand-name 
infant formula. The average body weight of the 
babies was only 58 percent of the normal value. 
Their families were simply not equipped to 
safely bottle feed. About one fifth of the moth­
ers were illiterate. The remainder were able to 
sign their names but were functionally illiterate. 
It was highly unlikely that they would be able to 
read, no less understand written directions. 

Nearly all the families lived in cramped, 
overcrowded, and unsanitary conditions, with 
an average weekly income of sixteen dollars. A 
tin of baby formula costs approximately two 
dollars and a baby needs two cans a week if ex­
clusively formula-fed. Despite optimal medical 
care, five of these babies died. The case stud­
ies graphically show the inevitability of bottle 
contamination and dilution-the key culprits 
leading to illness and malnutrition. 

Since 1970 when the Protein Advisory Group 
(recently dismantled) of the United Nations 
first met with the baby formula industry, there 
has been a growing international campaign 
aimed at stopping unethical promotional prac­
tices. In 1973, the Protein Advisory Group pub­
lished guidelines for promoting infant nutrition 
and included the need for restrictions in adver­
tising. In 1974, the World Health Assembly 
called for a critical review of company promo­
tion, and the issue has been discussed exten­
sively at medical conferences, international 
seminars, in U.N. papers, etc. Most recently, 
on January 31, 1978, the World Health Organi­
zation, announced, "The advertising of food 
for nursing infants or older babies and young 
children is of particular importance and should 
be prohibited on radio and television ... final­
ly, the distribution of free samples and other 
sales promotion practices for baby foods should 
be generally prohibited." 

In 1975 the International Pediatrics Associa-

tion issued a series of recommendations to en­
courage breast-feeding. The section entitled 
"Curtailing Promotion of Artificial Feeding" 
reads: 

I. Sales promotion activities of organizations mar­
keting baby milks and feeding bottles, that run
counter to the general intent expressed in this doc­
ument, must be curtailed by every means avail­
able to the profession, including, where neces­
sary and feasible, legislation to control unethical

practice.
2. Dissemination of propaganda about artificial feed­

ing and distribution of samples of artificial baby
foods in maternity units should be banned imme­
diately.

In the U.S. recently, considerable interest
has centered around the stockholder lawsuit 
against Bristol-Myers (Mead Johnson Divi­
sion). The Sisters of the Precious Blood have 
charged the company with making "false and 
misleading statements" about their overseas 
promotion and sales of infant formula. The 
statements appeared in a proxy report to stock­
holders, which is required by law to be accu­
rate. In May 1977, a U.S. district court judge 
dismissed the case, stating that the Sisters had 
not shown that they, as shareholders, had been 
caused "irreparable harm" by the alleged mis­
statements. The judge declined to comment on 
the accuracy of the company's proxy report. 
The nuns appealed this decision. 

Then in the first weeks of 1978, the Sisters 
signed an out-of-court settlement with Bristol­
Mycrs. The settlement stipulates that a report be 
sent to all shareholders of the company, out­
lining the legal action and the positions of both 
parties. The Sisters' statement in the report con­
tains affidavits from five countries and an analy­
sis of their current criticisms of company prac­
tices. The company's statement announces a 
more stringent interpretation of its Code of Pol­
icies and Practices and the fact that it has dis­
continued the use of milk nurses in Jamaica. 
Industry critics view the settlement as an impor­
tant step toward convincing the companies that 
public opinion has changed the social climate 
in which marketing takes place: What was at 
one time an "acceptable" social cost no longer 
is the case, primarily because of increased pub­
lic knowledge and protest. 

The findings of the lawsuit have prompted 
local consumer advocacy groups in the United 
States to join forces in a coalition called 
I NFACT (Infant Formula Action). These 
groups believe it vital to keep pressuring Nes­

tle-the largest manufacturer of baby formula 
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in the Third World-to desist from its promo­
tion tactic;s. The Minnesota-based Third World 
Jnstitute has infriated a consumer boycott which 
is quietly �pre,iding throughout the U.S. In ad­
dition, church groups, acting in their capacity 
as stockholders in the American companies, are 
continuing their eff011s to further restrict the 
promotion these companies engage in. This 
year two new shareholder resolutions were filed 
with American Home Products and Carnation, 
both of whom widely advertise their condensed 
milk in the Third World. 

Because of this growing condemnation of in­
dustry practices, the companies have made 
some attempts to deal with their critics. In most 
cases however, the concessions do not signifi­
cantly alter the outcome of formula promotion. 
There have been a number of changes: 

• After blatant advertising, especially mass­
media promotion had made some of the compa­
nies highly vulnerable to criticism, these com­
panies switched the focus of their promotion 
efforts to the medical profession. This new mar­
keting approach is more sophisticated, less 
risky, and far more effective. Via mass media, 
everyone heard the message, whether they were 
potential customers or not. Now marketing fo­
cuses more directly on the consumer through 
the use of health workers. For example, in a 
poverty hospital in the Philippines, name tags 
with a prominent brand-name logo are found on 
each crib in the nursery. Nestle wrist labels 
have also been provided. There and elsewhere, 
while the most blatant ads have been curtailed, 
direct consumer promotion continues in the 
hospitals themselves and appears to be sanc­
tioned by the medical authorities. 

• In the past, critics charged that companies
encouraged the abandonment of breast-feeding. 
Now the companies agree that bottle feeding to 
the exclusion of breast-feeding is not desirable. 
They talk about ''supplementation.'' However, 
mixed feeding has also been shown to be quite 
dangerous. Consuming smaller amounts of con­
taminated and diluted formula is preferable, one 
assumes, but it is not the answer. Furthermore, 
the encouragement of supplementation in fact 
undermines breast-feeding. According to most 
medical experts, supplementation negatively af­
fects the production of human milk. 

• Critics have also complained about milk
nurses and the ethics involved in employing 
nurses as a company sales force. Again, the 
companies have adapted. They often change the 
colors of the uniforms, add belts, call them 
''company representatives,'' and may even 

agree to alter somewhat milk-nurse sales tech­
niques. But visits to hospitals and homes con­
tinue, and the nurses are still being lured away 
from government health services. 

A more significant adaptive technique is that 
of employing nutritionists and other highly 
trained professionals. In Venezuela, for exam­
ple, Nestle employs no milk nurses but several 
nutritionists. These nutritionists interact on a 
regular basis with Ministry of Health, nutrition, 
and hospital personnel. One Nestle nutritionist 
in Caracas appears to have been totally inte­
grated into the health care team at Maternidad 
Hospital as she made her rounds with the paid 
hospital staff. This type of interaction between 
government and business personnel raises seri­
ous ethical questions about the extent to which 
industry's point of view should be institutional­
ized within government health services. 

• When critics argued that formula was being
promoted to the poor, the companies responded 
that formula is priced above the income of poor 
people and is purchased almost exclusively by 
upper-income groups. But the companies have 
provided no evidence to confirm this argument. 
Indeed, there is more than adequate proof that 
the products are being promoted and sold indis­
criminately to mothers who have neither the fi­
nancial nor the sanitary facilities to use the 
products safely. Since July 1977 alone, docu­
mentation confirms the presence of promotional 
displays in markets, pharmacies, and grocery 
stores in the mountain villages of India, the bar­
rios of Caracas, and the slums of Manila. 

• In response to. these kinds of intense pro­
motion efforts, the critics finally called for reg­
ulation of the formula industry. The industry, 
in turn, has responded with "self-regulation," 
which mainly consists of business codes. There 
are now several codes of ethics, some more 
stringent than others. All, however, share two 
inherent weaknesses. 

First, the codes legitimize promotion to the 
medical profession and characterize the latter 
as "intermediaries" between the baby food in­
dustry and the mother. However, given the des­
perate shortages of medical personnel in devel­
oping countries and the constant pressure ex­
erted on existing workers by the companies, it 
is very difficult for these intermediaries to be 
impartial. 

Second, insuring that the companies will ad­
here to their self-imposed restrictions is virtual­
ly impossible in the absence of regular scrntiny 
by an independent body. In August 1977, a 
Bristol-Myers milk nurse was interviewed by 
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this author on the ward of the largest public hos­
pital in Jamaica. The milk nurse had in her 
hand a list of mothers she intended to visit in 
their homes. She had copied the names from 
ward lists. In an interview just two days before, 
the chief medical officer of Jamaica had ex­
plained that government policy prohibited milk 
nurses from entering public hospitals. The milk 
nurse's actions were therefore doubly in viola­
tion of Bristol-Myers's code of ethics which 
specifically requires cooperation with govern­
ment health policies as well as the solicitation 
of references from medical professionals for all 
home visits. The publicity surrounding this in­
cident most likely influenced Bristol-Myers's 
decision to discontinue milk nurses in Jamaica. 

Stopping the promotion of infant formula 
products will not, in and of itself, eliminate 
malnutrition. Infant formula products could still 
be sold under carefully controlled and super­
vised conditions and still be misused because 
the existing social and economic conditions 
make proper usage virtually impossible. An end 
to malnutrition will ultimately require massive 
changes in the distribution of wealth, land, and 
power. But that is no reason not to take inter­
mediate steps. The shifts in promotion thus far 
are adaptations to a new business climate and 

clearly prove that the formula industry is vul­
nerable to pressure. 

If promotion could be eliminated entirely, 
health care institutions and governments would 
be freer to develop their own capacity to handle 
the monumental health problems that face Third 
World countries. To accomplish this, the public 
needs a strategy. It must include the continuous 
monitoring and disclosure of corporate activity; 
cooperation between concerned health profes­
sionals, international agencies, and advocacy 
groups; and the development of an increasingly 
larger audience of people who share the belief 
that business must be held accountable for un­
ethical practices, however costly and inconve­
nient. As Dr. Alan Jackson of the Tropical Me­
tabolism Research Unit in Jamaica stated in a 
recent interview: 

When you spend your time working with children 
who are malnourished and you see children dying be­
cause they are either getting wrong food or food pre­
pared improperly, it has a devastating effect on you. 
It's very hard to think that people who are involved in 
selling, encouraging people to buy infant prepara­
tion, can carry on in this kind of a way, and at the 
same time pretend that they are not involved in the 
end results, which is malnutrition, malnourished 
children. 

Industry's new frontier in space 
GENE BYLINSKY 

■ Gene Bylinsky i.1· as.rnciare editor of Fortune magazine. Ile is the recipiell/ of various joumafism mvards, among 
them the 1we111y-Jirsr Alherr Lasker Medical Journalism Award. Ile wrote The Innovation Millionaires. 

In the ji,lfmvi11g article Byli11sky di.H'11sse.1· the benefits rhm rn11 he reaped by i11d11s11y and .\'Ocie1y ji-0111 locari11g 
some i11d1wrie.1· i11 outer space. Ile poi111.1· 0111 that the virtually graviry-ji'ee e11viro11111e111 of outer space can be used 
to prod11ce "11ofewer than 4/X) alloys that ca1111or he made 011 eanh beca11.1·e ofrhe gravi//ltio11a/ puff." These alloys 

can be used to produce, amOll/i other 1hi111is, fighter cars and ''ji•arhenveighr metal fumiture.'' He also notes that rite 
gmviry-ji'ee e11viro11111enr is more .rniw/Jle for growinli ny.l'rals, the mmerial ji-0111 which chips are made in e/ecrronic 
i11du.1·tries. A cry.1·ral grown in outer .1·pan· i.l' larger and more 1111ijim11. 11,e benefits of outer space also extend to 

hio/ogy and medicine. "Vaccines may arwi11 a p11ri1y 1101 possible 011 earth," and h1111dreds o
f 

biological products 

that "simply ca1111or be sy11rhe.1·iz1·d or l·eparared 011 earth" can be .\'O treated in outer space. 
Alf this, !Jylinsky says, has increased the imeresr of i11d11stry in outer space research and has led to the alfocario11 

o
f 

hulie .1w11.1· o
f 

money in that area by corpomrio11.1·, which see an oppor11111iry for s11/wa11rial projil.L 

The new battle cry at NASA, only slightly 
amplified, is: Thar's gold in them thar stars. In 
the wide and starry band of near-earth space, 
beginning about 200 miles up and extending to 
22,500 miles, where a satellite can be placed in 

D From Fort1111e, 29 Jan. 1979, pp. 77-83. 

stationary orbit rotating in unison with the 
earth, the National Aeronautics and Space Ad­
ministration sees the possibility of an industrial 
bonanza. Operating in this pure and virtually 
gravity-free environment, factories could pro­
duce novel materials worth as much as $30,000 
a pound back here on earth. Spidery, dreamlike 
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power stations could collect energy from sun­
light and beam it to the planet below. The 
freighter servicing these new industries will be 
the Space Shut_tle, which is scheduled to make 
its first o�bital. Hight this September. 

So far, the reaction of earthling industrialists 
to all these glittering promises has been 
mixed-and rather muted on the whole. High­
technology companies that have contracts to de­
velop equipment and experimental manufactur­
ing processes for NASA are naturally enthusias­
tic. Other corporations are apt to be poorly in­
formed about the possibilities, and skeptical to 
boot. They are well aware that the space agency 
itself, which desperately needs a post-Apollo 
mission that can command broad public sup­
port, has a great deal riding on its fledgling in­
dustries in space and has been promoting them 
with gusto. 

There is also the rather basic matter of costs. 
Even a simple experiment aboard the Shuttle 
can cost several hundred thousand dollars, 
while a small, automated production plant, de­
signed to be left in orbit and serviced periodical­
ly by the Shuttle crew, would run into tens of 
millions. The military, or scientific researchers 
backed by the government, might be willing to 
pay fabulous sums for materials that can't be 
made on earth-a perfect lens for a spy satellite, 
say, or perfect spheres of hydrogen isotopes 
for use in laser-fusion research-but NASA ac­
knowledges that the costs and risks of space 
manufacture are too high and too ill defined at 
present to interest most corporations. Robert A. 
Frosch, NASA's administrator, says that his job 
right now is ''to provide access to space and to 
develop basic technologies, which eventual 
users will need to evaluate before making in­
vestment decisions.'' 

But skepticism on the part of profit-seeking 
corporations can be overdone. NASA is not ex­
actly starting from scratch out there in space; it 
is building on promising experiments done on 
prior space flights. Those tests, mainly on the 
Skylab and Apollo-Soyuz flights, showed that 
beyond the pull of the earth's gravity remark­
able things happen to materials. Crystals grow 
more uniformly-and in some cases ten times 
bigger than on earth. Biological substances can 
be separated and sorted out much more easily, 
suggesting the possibility of purer vaccines and 
brand-new drugs. Furthermore, those earlier 
flights established that it is at least technically 
possible to create new types of glass, ''super'' 
alloys of various sorts, and materials of vari­
able density, with properties never seen on 

earth. In fact, some scientists believe that the 
Shuttle flights will mark a milestone for human 
invention, comparable to the development of 
the vacuum pump back in the seventeenth cen­
tury. 

NASA considers it significant that West Ger­
man and Japanese companies are more excited 
about the Shuttle than their American counter­
parts, and that the European Space Agency, an 
active and enthusiastic partner, has budgeted 
$600 million for the design and construction 
of the Shuttle's spacelab-more than twice 
NASA's own ctment budget for this work. At 
this point, in a field involving so many un­
knowns, perhaps the best judgment that can be 
made is that while few corporations will care to 
take a plunge into space manufacturing, no cor­
poration affected by changes in technology can 
afford to ignore the new era of innovation that is 
about to begin. 

The advantages of manufacturing in space 
can best be understood as the flip side of various 
disadvantages here on earth, the most important 
of which is gravity. Most solid materials go 
through a liquid, or molten, stage at some point 
during their creation or processing, and, where 
gravity exists, they must be supported by a con­
tainer-a source of contaminants. 

More important, gravity induces convection 
currents, which flow along the thermal gradi­
ents, or temperature differences, in layers of the 
liquid. Convection currents, being chaotic and 
unpredictable, often lead to unpredictable and 
undesirable structural and compositional dif­
ferences in the sol id material. Convection can 
create soft and mushy zones. Gravity also pulls 
molecules apart, leaving holes where impurities 
collect. If the liquid contains more than one 
type of material, gravity tends to separate these 
different materials, and the resulting solid lacks 
uniformity. 

These adverse effects of gravity have be­
deviled materials manufacturers ever since man 
cast the first bronze figurine, and because of 
them metals have never achieved the strength 
and other mechanical properties that theory pre­
dicts. Steels, for instance, could be anywhere 
from l 00 to 1,000 times stronger than they are 
today. Blades of jet engines now fall apart at 
temperatures where the efficiency of engine op­
erations would be appreciably higher. The wires 
in heart pacemakers and the pins in bone pros­
thetics-extremely expensive, not to mention 
traumatic to replace-fail much sooner than 
they should. 
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In the weightlessness of outer space, most of 
these problems in the processing of materials 
disappear. Strictly speaking, of course, there is 
no such thing as "zero gravity" -every particle 
and atom has an attraction for every other one. 
But weightlessness aboard the Shuttle will 
come close to that unattainable standard. When 
things are quiet on the Shuttle, the pull of grav­
ity will be only a millionth as great as that on 
earth. When the astronauts fire small rockets to 
correct their course-or merely clump around 
in their suction-cup boots-the pull could shoot 
up to a thousandth of the usual earthly value. 
Some scientists call these fractional conditions 
''microgravity.'' 

TRW, in a major study for NASA, has iden­
tified no fewer than 400 alloys that cannot be 
made on earth because of the gravitational pull. 
Many of them are metallic combinations that, 
like oil and water, will not mix on earth. When 
allowed to solidify in the weightlessness of 
space, they would mix down to microscale, 
yielding unusual strength or hitherto unrealized 
mechanical, electrical, and magnetic properties. 
Light but sturdy vehicles could be built out of 
such metals-tanks that would weigh no more 
than a car, for example, and featherweight 
metal furniture. A lively topic of interest to the 
utilities are superconducting metals that could 
transmit electrical energy at low temperatures 
with virtually no loss of power. 

In certain compositional ranges, metals such 
as copper and lead, or aluminum and lead, 
would display self-lubricating properties, pos­
sibly leading to automobile engines that could 
last 500,000 miles and more. BMW, the West 
German automaker, has shown an interest in 
financing some experiments with aluminum­
lead combinations. 

Many of these materials could be produced in 
a mode unique to the space environment-con­
tainerless processing. This method is possible 
because levitation, which may have magical 
overtones on earth, is the natural mode of be­
havior for objects in space. A blob of liquid or 
a solid can be positioned easily with a minimum 
application of force in an acoustic, electromag­
netic, or electrostatic field. Since second-order 
forces, such as surface tension, take over in 
space, a blob of molten material will automat­
ically assume a spherical shape. It can then be 
changed into the desired shape by applying 
slight outside forces. Containerless processing 
hasn't got very far on earth because of the great 
forces needed. In space, even the sound from a 

good commercial hi-fi set would levitate a blob 
of steel. This conjures up visions of a with-it 
generation of astronauts laying back and leHing 
the Rolling Stones do the work. 

Dispensing with containers could lead to im­
portant improvements in the microstructure of 
tungsten, which has a melting point so high 
(6, 170° F .) that it is particularly prone to con­
tamination when a melt is achieved. Impurities 
from the crucible also have prevented the manu­
facture of truly pure optical glass and have 
greatly increased the cost of producing the high­
quality glass fibers needed for the novel trans­
mission lines being developed by A.T.&T. and 
others. Glasses from space, with unique refrac­
tion and dispersion qualities, have endless pos­
sibilities in lasers and other high-technology op­
tical systems. Ralph A. Happe, a glass special­
ist at Rockwell International, predicts: "We'll 
be doubling the catalogue of the optical de­
signer." 

But the most immediately promising field for 
materials processing in space is the culture of 
crystals, which have become the sum and sub­
stance of modern electronics and electro-op­
tics. In electronics, the principal virtue of a 
crystal is its ability to transmit electrons under 
precisely defined and controllable conditions. 
In optics, crystals offer better transparency than 
even the best glasses because variations in the 
amorphous structure of glass will scatter some 
of the light. 

Crystal culture here on earth is generally not 
a science but an art. The specialists who grow 
the large, carrot-shaped crystals used to make 
semiconductor chips are given to bragging 
about their "green thumbs" -and the metaphor 
is not farfetched. Although crystals are not liv­
ing things, they grow in a manner roughly simi­
lar to plants. They demand nourishment for in­
stance, and will reach toward the source of 
food. A crystal grower, says one specialist, 
"adds a little bit of this, a little bit of that-it's 
a recipe-type operation.'' Those all-important 
impurities, called dopants, which impart the de­
sired electronic properties to a semiconductor 
crystal, are difficult to distribute evenly on earth 
because of convection currents induced by grav­
ity. Consequently, the yield of usable chips 
from a crystal is low. 

What can be accomplished in space was 
shown dramatically aboard Skylab, where an 
experiment designed by Dr. Harry C. Gatos, 
professor of materials science and engineering 
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at M.I.T., produced a remarkably smooth sam­
ple of indium-antimonide crystal. Measuring 
,the conductivity of the crystal along its length, 
. Gatos-:.found that the electrical properties were 
const�mt. In a similar crystal grown on earth, 
these properties vary continuously from one 
end to the other. On the Apollo-Soyuz flight, 
he grew an equally perfect germanium crystal. 
Although the experiments were of necessity 
somewhat primitive, the results, in Gatos's 
words, were ''way beyond expectations.'' 

Crystal culture in space will resume with the 
first materials-processing flights, which are 
scheduled to start in 1981, and Gatos declares 
that he can already see profits ahead. He cites 
the case of gallium arsenide, which is widely 
used in light-emitting diodes, lasers, microwave 
devices, and in other high-technology products. 
Gallium arsenide of not very high quality sells 
today for $15,000 a pound. "The cost of pro­
cessing it in space," says Gatos, "will even­
tually be a small fraction of its selling price.'' 
The space-made crystals will have a much 
higher yield of usable chips, he explains, justi­
fying a much higher price for the crystal. If, as 
he expects, the higher quality gives birth to new 
applications, then the value becomes incalcu­
lable. 

Another space product that may turn a profit 
is a tiny sphere of a rather ordinary plastic, 
polystyrene latex. Spheres smaller than two mi­
crons in diameter (that is, two-millionths of a 
meter) or larger than forty microns can be made 
on earth. But for complicated technical reasons, 
spheres in the intermediate ranges are unstable 
and can't be mass produced. And it so happens 
that scientists crave those particular sizes. If 
the spheres could be sprinkled into a culture be­
fore it is exposed to electron microscopy, for 
example, the known sizes of the spheres would 
permit researchers to take the exact measure of 
many things, from vimses to the apertures in 
membranes. The tiny spheres would also be 
useful for calibrating the electron microscope it­
self, as well as medical filters and other devices. 

Eager to demonstrate the advantages of ma­
terials processing in space, NASA will try to 
produce these latex spheres right away, possi­
bly on the first orbital test flight this Septem­
ber. By the third flight, the experimenters, led 
by John W. Vanderhoff of Lehigh University, 
hope to be making the spheres in batches of up 
to four ounces. Waiting in the wings is Accu­
part Laboratories, a small company in Hunts­
ville, Alabama, founded by a retired NASA ex-

ecutive named Brian Montgomery, who says 
that he has venture capitalists lined up willing 
to invest $5.6 million in the making of the mi­
crospheres, which presumably will fetch a sub­
stantial premium over the $30,000 a pound that 
the smaller sizes sell for today. 

Space holds vast possibilities for biology and 
medicine. Microgravity should greatly improve 
man's ability to separate specific cell types, cell 
components, cell products, and proteins. Vac­
cines may attain a purity not possible on earth. 
Earlier space flights have already yielded some 
clues-and some cautionary lessons, as when 
bacteria got into a test on salmon-sperm DNA 
and ate it all up. 

The basic opportunity lies in the fact that 
hundreds of biological products simply cannot 
be synthesized or separated on earth-once 
again because convective flows produce irregu­
lar and unpredictable mixtures. Many of these 
desirable products are substances that the body 
itself makes and packages in a very complex 
soup of other ingredients. Urokinase, for ex­
ample, is an immensely useful chemical that 
activates an enzyme which dissolves blood 
clots. Yet urokinase is manufactured by only 5 
percent of all kidney cells. The Shuttle's goal is 
to separate these specialized cells and then es­
tablish a culture on earth, thus increasing the 
yield. In fact, kidney cells separated on the 
Apollo-Soyuz flight did produce about seven 
times more urokinase than usual, but for some 
reason, which the researchers are naturally curi­
ous to pin down, the cells stopped making 
urokinase when they were cultured back here 
on earth. 

Similarly, hormones and other substances 
made by the body in minute amounts-the 
antiviral agent, intc1feron, for example, and the 
brain's own painkillers, the endorphins-could 
be purified in orbit. Still another key candidate 
for space processing is erythropoietin, a kidney 
hormone that stimulates bone-marrow cells into 
producing red blood corpuscles. So far, nobody 
has succeeded in extracting pure erythropoietin 
on earth. 

Earthbound researchers have already made 
great progress with white blood cells, which 
have been found to contain whole subpopula­
tions of substances that act as the body's immu­
nological defenders. In the felicitous absence 
of gravity, scientists think they might be able to 
isolate new drugs that could combat such im­
balances of the immune system as rheumatoid 
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arthritis. John C. Carruthers, the director of ma­
terials processing, who spent fifteen years at 
Bell Labs before joining NASA last year, pre­
dicts that "one day we'll be making pharma­
ceuticals in space." 

If the greatest advantage of space is its lack 
of gravity, the second most important is the 
purity and thinness of the atmosphere 200 miles 
up. Robert T. Frost of G.E.'s space division 
refers to these upper regions as "the world's 
greatest vacuum chamber." Once again, qual­
ifications are necessary. The space around the 
Shuttle won't be as clean as researchers would 
like to have it, because trace amounts of gases 
from the rocket engines and debris dumped 
from the cargo bay will trail the spacecraft in 
its orbit. And even that high up there is still an 
atmosphere, composed of widely dispersed 
atoms of oxygen, which create a pressure 
amounting to only ten-billionths of that at sea 
level on earth. So NASA is thinking of build­
ing a flying shield that could be deployed at 
the end of a boom. As the "air" rushed past the 
outer edges of the shield at the tremendous 
speeds of space, it would create a nearly perfect 
vacuum behind it. Frost has suggested that in 
this ultra-clean environment the thin film used 
in solar cells might be manufactured for I per­
cent of the cost on earth. 

All these marvels won't be accomplished 
overnight. The first flight in September will be 
devoted mainly to checking out the systems. 
Next year the Shuttle will be used to launch 
communications and other satellites. The first 
spacelab, equipped for experiments in materials 
processing, won't go up until the twelfth flight, 
in mid-1981. (The public will have to wait until 
about that time to sec the first American woman 
in space.) For most people, the main excitement 

this fall will come when the astronauts try to 
jockey their stubby, ungraceful craft back to a 
safe landing on the salt flats around Edward_s 
Air Force Base in California. 

Around 1984, the Shuttle will take up pack­
ages containing automated experiments in biol­
ogy and materials processing. The astronauts 
will stay in the cockpit, while on-board com­
puters, monitored by scientists in Houston, run 
the show. A bit later, the Shuttle is expected to 
take up and release a free-flying automated lab­
oratory powered by its own solar module. Some 
of the scientists seem to think that the best work 
will be done when the machines are left alone 
to do their thing. 

"I doubt very much that it will be optimal to 
have people operating any of our experiments in 
space,'' says James H. Bredt, manager of space 
processing applications at NASA. "The func­
tion of man in space is not routine operations 
but troubleshooting. When you don't have as­
tronauts walking around in their suction-cup 
boots, more perfect microgravity can be main­
tained." 

In the fourth phase of this great adventure, 
however, the astronauts will come into their 
own again. They will be needed to construct 
the huge stations that will beam solar power 
back to earth .... By then, NASA fervently 
hopes it will be less of a drain on the taxpayers. 
It is spending $4.3 billion this year, of which 
$1.4 billion can be attributed to the Shuttle. By 
mid- I 980's, it may have become a new sort of 
public utility-exercising a near-monopoly on 
space and all the wonders that it holds, selling 
its services to corporations around the world. 
Or it might even have turned this growing busi­
ness over to a private corporation. Boeing, for 
one, thinks that it could run the Shuttle profit­
ably as a commercial enterprise. 
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