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This thesis' analyses the communication of science to a nonscientific audience, and  

chliracterises it 'as persuasive and controlling. 

The  accepted purposes of popular science communication a r e  to create or  develop a 

scientific literacy and to inform public decisionmaking on  issues involving science and 

technology. However, da t a  on pub!ic attitudes and knowledge show t h a t  both ostensible 

purposes ai-c fj-ustrated: public unde r~ tand ing~of  science remains low, as does 

~ t t en t iveness  tr) policv issues in which science is a component. Against this background of 

ignorance. nt3vertheless. public confidence and trust  in science is high. 

This thesis suggests t h a ~  popular science communication better'her-ves the purposes ' 

of interests in organized science ini~&singly dependent on resources allocated in the public 

domain. and inh res t s  that exploit the ideological potential of science in governance. It 

SUFReStS that much of populrii' science communication is idtiological, aimed a t  procuring the 

puttlic. wdt.rxntinp of science ~ h r o u g h  creating discursive relations of tlust and authority. 

4 
In ri test of' this interpretation. a set  of exemplavy science journalism texts  is 

ana1yst.d in two methodological passes. Using first techniques from rhetoric, then critical 

linguiblcs, the characteristic modes ctf communication a r e  distinguished as persuasive and . 
twnt rolling. Thc :maiysis s u g g e s ~ s  that  popular science communications is persuasive about  

the  t~.ustwoi~thiness of scientists. and cont,lmls meaning to prefer onls  a n  interpretation of 

scicnt.ific knowledge as objective and authoritative. This repvesenmtion of science excludes 

,i mow who l~some  undci-standing in a t tempts  tr, secure deference to its authority. 

To g w v c n t  the knowledge. of' science from being withdrawn from ev 

ustd a s  an instrument of ideology. we must find new means  of communicating it. The 

thesis conclutfes by exploring ways Iyy which we could create more equitable ~.elntio'ns of 

c .n~i r rnunic .a t i tmI . t t~ t~vt~en scienctb and a nonscientific public. 
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, i 
THE WELLARTICULATED SCIECCE 

I 
"If them's ansthing you don't rtndersttrncl." cirged Dr. Bnwi, "ask Dr. 

-?lomath to expluin it. He's very good a t  expltrininp." He turned to mcl. "Dr. 
Hoenikker used to say  that un+y scientist who coctldn't explain to an  [bight-y~rrr- 
old what he wcrs doing was a charlatan." 
"Then I'm dumber than crn eight-yenr-old," Miss P~f'ko morirnod. "I tio~r'! c r w r r  
Knou~ what n charlatan is." 

-Kurt Vonncgut, 2 I . . .  

t Cat's ('rtlt-ik~ 

The two most c o m m o n l ~  accepted purposes of' popular scienw cornrnunic~tltor~ artb 

the creation or development of a science literacy, and the ,&vision of inli)~.m;~t ion 

appropriate to decisionmaking on science policy issues. Into the first. ~~1LC'gor.v f i t l l  

expository works on quan tum physics, brain research; microthlogy, immunology, and t.hc1 

like. Science policy communication is more exl)licit.ly conceimxl with thtb noc.ial 

consequences and ~ x h t i o n s  of' science, and likely to have as its t,htbmes thc alloc;~tio~l of' 
e 

public. resources I'OI science, risk assessment in toxic waste disposd,  nuclcare ~.t*:~clor salinly 

and sitinps, and envi~.onment.al issues such as acid rain. L. 

While a great deal of activity has  been gene1 a k d  ta thesc purposes - -  f'li*irtur.~ng 

science on television and radio, in newspapers, and particularly in magazines - -  thcr.1. is 

puzzling evidence tha t  the  project of science populariz~tion may  not t)c* what r t  is putyortetl 

to be. 

showed that  66 daily newspapers,  with a comt~incd circulation of over 1 1 million. c . i i r ~ t k 4  u 

weekly science section, and another 81 carried one page designated for 

scienceihealthltechnology news.' Nova, Nutionul ~ e o ~ r a ~ h i c  Specials, and Nrrwton:~ Applc, 

PBS networ science shows, reached'audiences of' 7, 10, and 4 million each b r o a d ~ a s t . ~  k. 



From the 1950s to present, such survey work a s  has been conducted on science in 

the 'media has consistently indicated a public interest in reading about science, and a n  
B 

cxpreused preference for more coverage of science-related s  issue^.^ A survey undertaken by 

the Newspaper Advertising BureaG in 1977 suggested that reader interest in the U.S. was 

quite strong. Science items were rated as among the most interesting of a11 newspaper 

editorial content. Respondents gave an overall rating of the editorial content of 

4 newspapers: 24 perceht of all editorial content was deemed "very interesting," but 32 

per cent of' science and technology material was "very in te re~t ing ."~  

In Canada, a 1975 study. Meciiu Impcrct: ( I  resecrrch studdy on science communicntions 

~wod~tced fiw the Ministry of' S a t e  for Science and Technology,hrveyed Canadians to 

discover that 80 percent of the most popular news topic preferences related to science. 

(Education, medicine and health, pollution, ecology and the environment, and some social 
r-- 
I issu& such as  urban planning and population control were construed a s  science-related.) 

Mot-tl than 75 percent of Canadians wished to remain current on science news, but, over 

half ft;k-%at the media were not doing an adequate job of providing science ~ o v e r a g e . ~  
: 

But although thew appears to he a gt'eat outpouring of science news and 

~nli)r.mation, and an twer greater demand to satisfy. there seems to be little accomplished , 

in :tdcircssing science to the masses. Other survey data, gathered in 1979. also indicated 

that. only seven pcrceAt of adults in the U.S.A. could meet a minimal test  of scientific 

I~tcul.at.!.. u statistic that suggests that very little of the science communication intended for 
-2 

C\ n l : w  uudienw is understmd. 01. has any effect in developing a capacity to understand. 

O n  a simple 0 t ~ )  5 indcx of substantive science knowledge, with one point each 

plven I'or u clear understanding of radiation, GNP. and DNA, and two points given for a 

correct understanding of the processes of scientific study, 4 1 percent of Americans scored 

zero in the 1979 survey. (Twenty-three percent scored one, and about 37 percent scored 

two or more.) Further, failure to attain a t  least a threshold level of scientific literacy 



through schooling was shown to restrict both interest and ability to undcrstmd the 

.communication attempts to develop that literacy.'; I t  would appear that the c.spl;mutawy 
. . 

promise and rationale of science popularization is scarcely fulfilled. 'Phis ,Lust L 
0 

considered a doubtful purpose a t  any 'rate, given the practical bur:t-iers to undt~txtandinp .' 
indicated in these surveys. . 

For similay re  sons, the explanation and It'gitimution of sciencc popiila~.iz.:\t.ibr on e 
the grounds that awareness and capacity to cr-iticall~l cv:dunte issu's involving sscicnca i:nd 

' technology are the necessary conditions of modern citizenship in rtn ngv shaped by sciivc;h 

- 
and techndogy is caught in contradiction. 

National Science Foundation, about 20 percent of Arnwiyan citizcbns repo~.tcd a high Icvcl 

of interest in science or. technolog~p issues, felt well-informed ahout t host. 'issuch, LIINJ 

I-eported a regular. pattern of infb~.mation,cc!nsumption tc) maintain their cu~.r.cncy.' This 

segment of the public is attentive to sciencta and technol(lg?. issues in puldic policy. Ycht of' 

these, only one-third met the minimal test of scientific literacy. - 

Ntwertheless. because these possess suf'ficit~nt inform;it.ion 10 consi(lc>r 

specific science policy issues, and to take. somc liwm of' ~~) l i t i ca l  itct~on on 
. ,. 

them, they are the focus of eff'orts by science policy Ieadtw and dcrlsionmtlkc~rs to 
d 

generate a constituency for science. 

~~outinely frustrated. belief in. and support of'. sc iose  ~ n t i n u e s  strong among t h f ~  puldre. 

The 1985 Science hdic5Ws study s that the put~lic. cxpcbsscbs LI high Iwcl of' 

confidence in the scientific commun r 12 major socid institulions (including Icttding 
/ 

corporations, media, military, Qnd the education system) only medicine receives a greater 
# 

# public warrant of trust than the scientific c o m r n ~ n i t y . ~  



- 
A deeper explanation of the actual function of popular science communication is 

needed, together with a questioning of itscommonly expressed purposes. 

One area that first needs b be examined in the search for a n  explanation lies 

within the f'unctional imperatives of organized science itself: According to Miller, Suchner 

and Voelker: 

The single most important change in the practice of science in the twentieth 
ccntu~.y has been the emergence of 'big science', a s  characterized by team 
rcscarch and large and expensive physical facilities. Individual creativity 
and intellect continue to be the most important elements in organized 
scltlnce, but a n  ever larger portion of scientific and technological research 
I ~ U I I V S  complex combiptions of personnel and physical resources to 
tbxtwlse the basic intelligence and creativity that drives the processes of 
discovery pnd innovation.!' 

b 

As science has t~ecome increasingly organized and supported by first, public-monies 

a n d  ~licbn cot.l~or~itc c~~pit.alizatlon;t~Iie internal social organization has come to address'. rely 

on .  m d  l ~ c  i n l l ~ ~ n c e d  by these ~ d a t i o n s .  As Greenberg has suggested: 

...I Tlhe more science. a s  a social practice, forms an .integral part of the 
cwliomic s t lwtures  of the society in which it is embedded, the more the 
I)ound;iries and difkrences between the two dissolve."' 

\ 

-4.4 I he W I C I I I  i fir enterpl.isc became intqi.ated into the larger social and economic 

srrtrrrill.c1s. during and :iff cr thc Second World War, an economy of interests and discourses 

% . 
chmcv-gcd lo st~.cngthcn the points of' tirt.iculat.ioi~ of science and society in both pol~t~cal  and 

J 

1)1'aglnalic 1x.4ations. Popular science communication is one of the most important elements 

For cs;mple, Canada's first National Science and Technology Policy, signed only 

To ensure th t~ t  science and technelogy become tin integral part of' bur 
culture by inciwsinp the public's awareness of the,importance of' science- 
and tt~chnology to Canada's economic and social we1l;being. * ] 



- 

Wh.yis i t  t h a t  the  public mus t  know aboul science? What is it about tii.ienc.e that 

w e  should understand? This thesis a t tempts  to address.thest! questians, m d  takw the 

following like of inquiry. 

In  the  first chdpter, something of a social histmy of scienccl popi~lsrizwt.ion 

- .  Second World War  is presented. The renewed interest in sclcnce popula~ization ih 

attributed td a n  increasing awareness of the political and economic- poww t hnt coi~lti 

derived from a science constituency. The lessons drawn from t-a~.ly strrct-ssvs and t * s c c - s ~ b  

of communicating about science produced a more cohe~.en! srt of' s h a w d  in1erwit.s w ~ t  hi11 
Z 

the  scientific and political and economic communities. and 3 dirtkction fiw tht* discour.si* of' 
- .  

.- , 
science in the  media. In this p l y x s s .  t he  agitations for s c k n w  R ~ ~ & & a t i o n  hcwmtb .,-- .., ' 2 .  7 % - .  . ..' 2 ,  'i '. l i .  ' 

,-,:*. . .;. , 

increasingly more motivated, and the communication r.eflcbcts the  dislortions of' t.hv 

i n k r e s t s  a t  work: an  ideology evolves. 

In the  second chapter,  the argument f i ~ -  ~xxopnizing scicnw ~ ) o p ~ l r \ ~ . i z i ~ t i o ~ ~  :IS LI 

type of ideological discourse is expanded through wcent sociologirul slurlies 01' scierlcc. 

particularly those of Thomas S. Kuhn and Michael Mulkay. Thc ldeolopical ~)otcwt~;rl of' a 

~ 'ea l is t  conception of  science is ptxhed Ijy placing in doub! its ~.cp~x..scnt;ttion of' scrchtlc.c. ;is 

an  ideal knowledge with a special s t a tus  as uncont1.ove1.t3t)le ;ind ot)jt.c.tive tr.ut.t~. ' I h .  

adoption and reproduction of this ~.epresentation outside scicncc. in pop~liir.  ;rc.counis IS 

presented as realizing a n  ideological potential: a l t c rna~ivc  accounts or undw.starrdrn~s of' 

. science a r e  suppressed or  distorted and the  authol-itntiw c h a r x t c r  of' sc.ic*nc.c. ~~rc.fitr.~.c:cJ. 

. This authority is tonstructed I'or the opportunities-of' sr~cial contr-01 it  l,rovicJc&h. . 

Some specific k a t u r e s  of' this ~deology a s  it condi~wns popula r~z~ng  dc.c.ounts of 

science a r e  operationalized in the third chaptm a s  discursive S ~ I . ; : ~ C ' ~ I C ~ S  of: j ~ ( ~ ~ . s u i l s i o ~ ~  and 
3 

control. ~ b r s u a s i o n  as a discursive &kg)- is regarded as ~ o r n r n u n i c a ~ ~ o n  p r a c l w s  a1 r "' 
at guihng deliberative action, or  rhetoric in its classical sense. Discursive s t r a k g t t 5  of 

control a r e  regarded as operations performed on linguistic features of a n  utu-.rance in 



communication so as to limit or strongly prefer a particular interpretati&. Analytic tools 

h r n  rh~txwic and critical linguistics a r e  developed for application to popular science 
Z 

communication in-an a t tempt  to determine if the  ideological features of authoii ty and  t rus t  

arc present. 

Textual work begins in the  fourth chapter. The reasons for selecting the  text  

sample is outlined, and the communication situated with reference tx, audienre and 

px)ducers. An exemplary se t  of texts is defined and analysed, and  the  results presented 
* 

toge th t~~ .  w ~ t h  an inkrp~.e ta t ion.  The texts a r e  distinguished by two broad categories, 

dt~lit)c'~.;lt.ivc* and expositot.y. Some texts seek to guiQe public decisionmaking, others seek to 

exptain. Rlletorical analysis is most appropriate to deliberative texts. critical linguistic 

analysrs to csposition. Evidtwce of' ideolo@cal distursive practices is presented, and a n  

rntcl.l)reLallon ollkwd that  the  texts a r e  constructed to suppress  possible readings of 

sc~c.ntific. knowlcdpe as contingent or uncertain. and persuade a t rus t  in the  producers as 

t.rr.tuou~ and impavtid guides w tl-uth. e L  

Tht. conclus~on furtht.1 explores the movement tx) establish authority discovered in 

1 I x a  .in,ilyst*d tests .  St1 ategles for questlonlnp and negottatmg att thonty reproduced in texts 

. \ I  (. d l  .iwn f'1 om ;t novel modcl of' sociolop~cal analysis. Such an  opposirlg struggle is 

I ~w)rnrncnded a.s a way of balmcing powel in communications, and in particular, in 

1>11:iiili11g :t m o w  wholesome understanding of science. 
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MOTIVATED COMMUNICATION 
9 

This chapter develops the argument tha t  popular science communication is one bf a 

set of articulating relations between science and society. I t  will be suggested tha t  popular 

science accomplishes its part in this articulation by constituting an attentive public for 
- - 

science that can be controlled without being informed, allied without being involved directly 

In , ny wag that might jeopardize the autonomy of the scientific community. 
, \  

The development of the articulating relations of science and society since the 

4 
Scwnd World War -- and the modes of communication tha t  helped effect, maintain, or 

change thcm -- ran located and described a s  varying a s  functions of three funding 

cycles for baslc science. Dickson, Greenberg, and other commentators1 have noted that  the 

first two postwar decades (1945-196.5) were a period of vigorous growth for science, 
4 

dom~nated by federal funding. In the next decade (1966-1976). funding stagnated a s  the 

role and substunt~ve activ~ties of science were questioned and criticised. Since-the late 

1970s. support for science has once again entered a dramatic growth phase, this time 

5pur.1-cd by corporate funding.'- 

The politics of science changed also in function with the fundin$ basis. During the 

S twnd World War, Vanncval. Bush. then president of Carnegie' lnstitution and a former 

dcan of engineering at the h l a s s a c h w t t s  Institute of Technology, 

Frmklin Koosc~vclt t o  enlist scicnce to the war effort. Bush was also successful in 

convincing the administration at the same time that the most efficacious manner- to do this 

would bt. to provide scientists with adequate support, and leave the scientific community to 

organize and disperse resources independently. The National Defense Research 



. 
\ 

Commit*, superceded shortly by the Ofice of Scientific Research and h~velopment. 

accomplished- this structural arrangement. 

After the war, and with the demonstration of the efficacy of science's contribution 

in the form of the atomic bomb, radar, and a host of othw strategic technologies, both t.hg 

scientific community and government, for their separate reasons, wcrt. tbuger to 
L 

& 

institutionalize an articulation.between them. However., the politicul structure under 

which they might be carried outbecame a cbntested question. Arguing against i t  lugislativc 

proposal that  would have established government support combined with direct Ityislarivc~ 

control, Bush and a panel of science notables produced one o f  the most. significant 

ideological documents of modern science -- Scimvc: fiw cxntllrw fh)ntit.r.:' 



Part one: Colonizing the frontier, 1945 - 1965 I 

Science: the endless frontier, delivered on July 5, 1945, to-Fbosevelt's successor, -. 
-prC 

Harry S. Truman, laid out a set of basic principles that the leadership of the scientific 

community wished to have recognized in the policy contract between science and 

government. 

Prime among these principles was that the mechanism of support, while allowing 

government to fulfil obligations of accountability, must "leave -the internal control of polity, 

personnel, and the method and scope of research" to the research institutions t h e m ~ e l v e s . ~  

Thest. principles were endorsed, although not without struggle and some compromise, with 
' 

0 

the establishment, o f the  National Science ~ounda t ion  in 1 9 ~ 0 . ~  Federal funding for 

~.esrul.ch gww handsomelv in the next decade. From'D.3 percent of GNP. or $920 million 
I 

in 1946, funding grew to 0.8 percent of GNP, or $3.45 billirrrr, in 1956.6 1 
Ihsh ' s  orchestrations helped dissipate the suspicion generated by a history of 

neglt1c.r and  expl in the relations of science and government. The success of the 
w 

0fT1c.c of' and Development and the Manhattan District of 4Qe Army 

Z 
131ginec-1.s ( ; l .k . :~  the Manhattan Project) in enlisting scientists through contractual 

- 

~ d i ~ t i o n s  with industrial corporatmns rind universities, rather than setting up centralized 
i 

I systems o f  milita~y laboixtories, had exploded the simple subordination-to-utility 

~.cbl;itionship.; ,4s h i s t o ~ i m  Ilon K. Price noted, science would no longer: 

... serve 3s ;t docile instrument tr)wt\rd purposes that a re  implicit in a 
system of atitomtitic economic progress. or even t o w a d  purposes tha t  are  
cickfintd for sciences by business and political leaders. In shr can no 
longer taktb i t  for granted tha t  scientists "on tap  but n on top."n 

Science b e a n  to emerge a s  an  "estate," as Price defined it, a community with a 

c'. 
special function and share in government along with the; professional, administrative, and 



political estates. The addition of science to the traditibnal estates likewise entailed bhe 

beginning of a new negotiation of political ~.elat,ionship% 

Twenty years after Bush opened ,the new frontier. Pricu? could pt-oposc u "twofold 

principle of freedom and responsibility" in government that  would enable s c ~ u n c ~  to obttlin 

" the support required for its own purposes, and allow more effective use of scicncc for the 

practical purposes of public policy: 
e I 

The most important principle seems to be a twofold one: ( 1 )  the c l o s ~ s  the 
estate is to the end of the spectrum [fiwm truth to power 1 1h;tt js c . o r ~ r . t ~ t d  
solely with truth, the more it is entitled to freedom and s 1f'-&ernment; 
and (2) the closer it gets to the exercise of' powes, the less 't is permit trd to 
organize itself as a corporate entity, and the mowi.(ired \o s t h t n ~ t  
to the test of political responsibility in the sense ( subrnit.tin~ to the: 
ultimate decision of the electorate." \' 1 

But the I-eal contest in the relations of' 

v 
fsom lwiponsibilit?. in the process of convetting tr.uth to powes. Popul:i~ scrtwvb 

communication, a s  1 hope to show, is one of the means by which thc sciontifir. r.ommur~itv 
l 

i 

maintains autonomy with power. The asgument that efficacy of scienct* can only lidlow 

from its autonomy was not enoug to sustain advantigeous  eela at ions liw thrb st-icntilic. 7 
community. Recent history had demonstsated that power c-oultl ~ l l t ~ ~ r  the. cxcwrscL of' I I I I L I I ,  

not truth the exercise of powes. The new relations had to Iw maintainc*tl in a w a s  t h t t  

permitted some control from within science: the expansion of' an idcwlogy of' sc.rc+nc.cs, ;itttl 

the creation of a constituency fbr science lo wfdch. the othev.estatn?s could hc hf4d 

~wponsible  provided this contl'ol. 

- 
Border skirmishing 

There were significant. beginnings and growth in popular 
0 

during the immediate postwar pt̂ Piod a s  well, keeping pace with the developments in the \ 
larger universe of discourses in science and public affairs. Offering science goods for 

consumption, J ames  McGraw Jr . ,  president of McGraw-Hill trade publishers, launched a 



mass circulation science magazine, Science Illrtstmted, in 1946."' The glossy monthly was 

designed to he one where "the average citizen [could] find in .his 0wn.tern-s a reporting or 

interpreting of what the scientists a r e  doing, w q  they a re  beginning i h i c h  will soon be 

affecting our lives." McGraw's market strategy in popularizing science was to reach q 

&dience of "science-activated people who lead the buying e, who are  keenly alert to 
L A  9 

new ideas, who a re  usually the ones to buy things first." But the potential market 

segment, estimated a t  about 25 million at, the time, was not attracted to the light shed by 
.3 

Sciencc Illrtstrated. Four years and an  investment of $5 million later, the magazine 

rwerted to a cruder "ghee-whiz" and gadget-oriented editorial package tha t  did not so 

much prepare readers to meet the future a s  it did equip them to remove unwanted hair 

whilib they waited for it to overtake them. 

The market logic and scientific appeal were better understood by ~ e r a r d  Piel and 

1)cnnis Flanagan, two editors working a t  Life magazine in the late 1940s. The. two , 
, 

identified the same sort of window of opportunity presented by the closer articulation of big 

science and social and economic structures. However, they saw a n  opportunity to: 4 

... s e ~ ~ v e  the need of the scientist, the engineer, the doctor, the educator, and 
the intelligent layman for information concerning the progress of science, 
engineering, and medicine in all their branches and in their application a t  _ the social and economic level to the lives of all men ....[ Tlhe common 
denominator of this audience is the interested layman: the scientific 
p~wfessional who is a layman in departments outside his own. l 1  

The strategy seemed to work for Pie1 and Flannagan. They bought and refurbished 

the vcneruble Scientific Amwictrn migazine (103 years old in 1948 j, and had by 1951 
-- 

tul*nc~d i t  into a profitable enterprise. As Lewenstein notes, "successful 'popular science' 

mcant disseminating scientific knowledge to a well-educated technocratic elite."12 

Meanwhile, the scientific community sought other means of forming and extending 

P the ideological links on which the new relations o science were engaged. Cultural 

strategies, as welt a s  those based on economic efficacy were pursued. New frontiers were 



opened in responding to n e ~ ~ i d e o l o ~ i c n l  challenges: first the unticummunist,'nnti. 

-b 
intellectual attacks of the McCarthyism, then the technological humiliation of Sputnik. 

3 

In 1051, the American Association for the Advancement of Science (AAAS). the  

national scientific society founded in 1848 to "further the work of scientists, to f'acilkutc 
- - 

cooperation among them, to improve the effectiveness of science in the promotion of human 

welfare . . . . ,"I3 recoghized the need to reorganize its activities to respond to changing 

political and social relations. The Board of Directors of the AAAS (then called thi* 
- 

~ x e c u t i v e  Committee,.me~ting in Arden House a t  Harriman. New Yurki draf'ttd ir pdivy 

statement tha t  acknowledged the new frontier principles: 

In view of the present size and compkxity of: science, in view of thc 
seriousness and im$ortance of the relatiJon of science to society, and in v i ~ w  

.of the unique inclusiveness of the AAAS, i t  seems. clear that thc 
organization should devote less of its energies tx) the more detailed and 
more isolated technical aspects of science, and devote more of its energies tu 
the broad problems that involve the whole of' scienw, thtb relations ol' 
science to government, and indeed the relations of science, ( A )  our socicty uh 
a whole. l 4  

The opportunity to ,try and "put science back together" that  seemed t i)  prcstwt 
1 

itself to the Board of Directors in 193 1 was in pa,rt the p~wluct of' the privilcgctl political e 
i 

3 
position gained from the legidation enacting the National Science Foundittion, in piut ~ I M ?  

recognition qf the strategic importance of' scientific research and tl twhpmcnt cxlwc*sstd hy 

the various a rms  of the military (particulary the Navy), and in large part, the rc~sulting 
rC 

influx of- resources. - 

/ 

But the impetus for more activity on the relations of'scicncc* and govcrmrncmt wits 

also a result of new threats to the intellectuak freedom and autxmomoufi opc~txtionh or the* , 

scientific .community that came from the House Committee on U n A m c ~ k ~ t n  AcLivi&ics +;mf 

Senator Joseph McCarthy. A number of the A A A S  executive had bctw the suttject of 
F 

accusations of the'committee, and the public awareness of science and scientists had been - 
roused in a way that  endangered their political and economic Suture. The board pt=oprrc4 

I 



@ 
undertaking "as n major active interest" the long-neglected portion of the statement of 

purpose of the AAAS in i t s  canstitution ",..to increase public understanding and 
- 

appreciation of the importance andpromise of the - methods of science in human 

- 

The new policy recognized that  the "diffusion among the general public of 

knowledge a b u t  science and its methods is a diEcult, slow, and never-ending job."16 But 
1 

with the promise and the threat that  the dissolvingboundaries brought to science and 

F' 
society, came the recognkion that: , 

... llln our modern society 'it is absolutely essential tha t  science -- the results 
of science, the nature and importance of basic research, the methods of 
science, the spirit of science -- be better understood by government officials, 
by businessmen, and indeed by all the peopJe." 

. 
P 

This was also the period of the investigation of media effects using emerging social 

science methodologies. '"he new phase began, in part, a s  a corrective to ungrounded - 
observational evidence that  promokd a view of the media as simply and powerfully 

6 

instrumental in shaping and changing beliefs and opinion. The experience of the Second 

World War had seemed to confirm that the media could be powerful -- and dangerously so 

under t.hc control of nuthol.itarian"staks. The era  of effects research undertaken by 

Elcrelson, Lasswell, Lazarsfeld etral. Star  and Hughes and others focused on the 

possiblities of the media for active pixwasion -- and dn means to mitigate orcontrol these 

N e w  agikitions over the perceived power of the media provided new opportunites 

for joining the scient,ific community's interests with a broader constilugncp. The 

Commission on the Freedom of the Press, which reflected the contemporary concerns over 

thc role arid effects of the press (widely defined to include most other mass  communication 

, mediums) had add+ social responsibility theory to the fmlitical agenda of the media and 

polity.%' The ride and apparent power of mdio and film (with the example of their 



15 

contribution to propaganda in the war still vivid), coupled with a widespread awareness - - 
tha t  the free market philosophy adopted for the operations of the pr-t.ss had not p l . d c ~ ( 9  

> 

enough of the expected social benefits, had stimulated a reappraisal. 

Social responsibility theory had as principle tenets: an  assumption that the media 

serve essential functions -- especially in the maintainence of u democratic political process; 

a n  assumption tha t  the media accept the obligation to fulfil social functions, pur~iculurly in 

providing information and a plurality of viewpoints; a priority on  sus t~ in ing  thtt fullc~st 

possible independence of the media consistent with the fulfilment of its oblipat.ions; m d  

adoption of explicit standards bf performance and mechanisms of a d h t w n w  to t.twm. 

In practice, social responsibility theory has exercised inf1uenc.t~ on Lhc mcdiu in two 

/ 
broad approaches. The first is in the establishment of public, but indep&ndcnt or L I I . ~ ' s  

l engh  agencies for the management of media -- largely thc t)r.oadcust media--- such as  thc 

FCC (Federal Communications Commission) in the U.S.A., or thtb Cltl'C (Canadian Itadio 

and Television Commission) in Canada. The second thrust has hecn the devclopmcnt ol' 

professional codes of conduct -- criteria for informativeness, accuracy, baiunct*, and 

truthfulness -- as a means of realizing improved standards of pe~.liwrnancc, wit.hout 

unacceptably compromising media autonomy .2 '  Social responsi hili t y p I.CRSLII.C~S, joincd WI  th 
L 

renewed activity on the part  of organized science, hclpt?d produce and institutiondizc u . 
, 

new media role and site for pop.ular science discourse -- science journalism. 

The good soldiers 

Science jour.nalism had begun Lo l ~ e  institutionali7xd as a prdt?ssion in the I !)50s -- 

the membership of the National Association of' Science Wr-iter.s (NASW) p e w  fiom the 

dozen founding members in 1934 to over 400 by the end of the 195Os, a particularly active 

decade for the science writers. The NASW had a close relationship with the AAAS; it was 

an affiliate member of the larger science body. The objectives of both organizations 
4" 



.$ 

' corresponded, and the AAAS sought t ~ ?  use the leverage provided by  the association-with. 

the NASW and current social r e spns ib iky  criticism to further the ~tew peiiey oF 

promoting public appreciation. As Lewenstein points out, the policy leaders of the scientific 
\ 

c9mmunity reasoned tha t  making efforts to. help science journalists become more 

"prof'essionnl" through training seminars, briefings, informational encounters with 

scien~ists (and through grants of money to undertake such activities a s  surveks of the 
9 

media that  diucovered a need for more science coverage) achieved these ends moi-e 

@ffecti~ely than any independent initiatives to communicab scientific knowledge directly. 

Social r~sponsibility theory of the press was part  of the social context and provided 

effective, and invisible, instfuments further connecting the scientific community's interests 

and tire public good. 

&=2 

The science writers themselves were ideologically aligned withi the scientific 

community in the project of' creating public appreciation of science. The professional code 

of ethics by which NASW sought to set the boundaries of membership and control the 

production ol'scienct. writing had a s  a major theme a dedication to "factual accuracy" -- 

and an operational definition of factual accuracy that translated a s  those facts which = 

scientkts determined appropriate. According to Lewenstein, there were even proposals to 

ini4udc a s  part of a p~.ofessional ethos a requirement that scientists read and comment on 

manuscripts before p ~ b l i c a t i o n . ~ ~  

Science writers were not complete shills in the scientific community's game, 

howtw?~,.  Following a joint meeting of the AAAS and NASW in 1956. the president of 

NASW. John Pfeiffcr, reacted to the suggestion on the par t  of the AAAS that science 

, information aimed a t  thv gtwxal  masses through television. newspapers and movies 
\ 

> . *  
"necessarily involved a dilution and distortion ...."23 Writing in the NASW Newsletter of 

March 1956, Pfeiffer complained: . 



[AAAS] efforts are being devoted exclusively to-an audience cwnsiderttbly 
t 

smaller than 'all the people' -- an  audience of scientists and 'intelligent, 
r e s p o n s i b l e ' m e n  .... Nothir-lfi is  fjbnned fw tho W,C)QO&OQ cw mare - 

d pe.ople who obtain their science news from the newspaper science reporters, 
press service>, qnd popular milga~ines. '~ 

/- 

NASW began to commit more resources towards i t s  own professionul gouls, 

undertaking surveys with fo~mdation grants tha t  documented -- using the tools then 

evolving for empirical 'scientific' research in communications -- a growing demand, 

editorial attention, and ultimately, of course, need, for mow science writing."' I n  I t)5!),, 

NASN established the Council for the Advancement of Science Writing, hiving also 

discovered the need to support and promote s c i e ~ c e  writing more nctivcly and " i n e ~ w s c  

the quantity and quality of scientific information in the public press ....[ to] heighten 1.1ic 

public's understanding and appfeciation of scientific entel.pri~cs..'~"' 

The concern with the popular acquaintance with science in t hc 1950s  +wflcc.ts u 
d6 

convergence of interests in the scientific communiiy. among deeisionmnktw in businph 
= &  - 

-3 

and government, and within sectors of the media. The studies and policies devoted to 
I 

popular science communication developed, a s  Chris Dornan notes, "ekplicitly as a 

systematic influcnke on the practice of that  which it sought to investigatct .... dcscril~tivc 

findings were to provide the basis for a series of prescriptive ngitat,ion~."~.; 

Spy in the sky 

The conjunction of interests is most clearly and d~*amatically mnrkcd hy tht* 1nunc.h 

of Sputnik by the Soviet Union in 11137, an cvent which jolted thcl American udministr:~t,ion 
. , 

and science community, and p~xcipitated an even greater mobilization oP t.cwut.c.cs. 

In the political arena, NASA (National Aeronautics and Space  administration^ 

was created in 1958, the administration created a special assistant to the I'renident for 

science and technology, and raised the s tatus  of the wartime-established Science Adviwory 



Co.mrnittec1 fi-om its largely cewmonial function and linked it directly to the executive 
.f 

office..A program of science educqtion in the skhools was begun in 1958, under the aptly 

I >  

titled National Defense Education Act, a reflection of the.cold *ar ideology that placed 

strategic importance on science. In Dickson's account: - 
y- 

f 
The Sputnik episode was therefore a key turning point in postwar U.S. 
science policy from two points of view. Fears of Soviet supremecy in science 
and technology -- whether or not they were legitimate -- were used to 
justify an increased commitment of federal funds to civilian research, which 
rose dramatically in the yer,irSs that  followed. At the same time it marked 
thc full acceptance 3f the scientific community in the corridors of 
W a s h i n g ~ o n . ~ ~  

% 

hut the launch of Sputnik by the Soviets was, perhaps most importantly, an  

idtwlofikal chd lwge  to liberal-democratic social ovder. As Dornan aptly puts it: 

In the ongoing dress rehersal of a Cold War, in which technological capacity ' 

->, 
'L.. 

is the index of power, scientific accodj)lishment is the criter'ion for 
victol-y .... This was not simply a matter of surrendering a military 

'\ 
a d v a n t a p  to an  enemy: it represented a direct challenge to the Unitql 
St,:ites' own understanding of herself and her place on the world stage. 
America was the exemplary democracy, whose social conditions promoted 
and rewa1,ded excellence in every endeavour. The Soviet Union, by 
cornparison, was widely understood to be a ruthless police state that  

-perpetuated it.s rule through the a t d q d  suppt.ession of its population of 
hackward 'peastint.s. Its economy, without the benefit. of the stimulation of 
thc r n a r k ~ t ,  was sluggish 'and austere. Its science too, a t  all times 
sirlm.dinatc1 t 4 )  t.htb dictates of political ideology, was presumably a hobbled 
imit~ition of' that permitted by Western freedom of inquiry.*" 

I'opuI:i~- science communication becarnc an  even, more critical point OF articulation 
ta 

I ~ t w t ~ t w  science and society. The perception that  the Soviet system had produced a 

swntific triumph that was related to the mandated nature of the scientific undertakings 
1 

, I I ~  t Iw ~yurdly cont1.011ed development of' the human science prompted a re- 

cxarninntion of scicww policy. The National Defense was the manifestation 

of' thct stl,;itepic. a n d  ideological importitnre at.tacht~d t o  science education. The project of 

popu1;wizin science. already begun with the initiatives of the AAAS and NASW and 

pr1vnt.e and government agencies. took on a similar ideological character and cond i t i ovg  
I 

in practice. 11 now assumed an inflated strategic. importance. Greater resources were 



b 
dedicated to popular+scicnce comm.unicatio~~, and communication also ussumvd 2t pWi~ter 

influence i n  the allocation of resources. 

L 

Ignorance of science, in light of this new -- and spectacularly dt1monst.1.utt.d -- 
I 

E 

strategic importance was a perceived threat to democracy. Science a s  ti generutor of' 

economic pmgress, and as an emerging source of political authority was more than. evtnr 
d 

implicated in the social and economic structures of ~ 0 r t . h  ~ m e r i c a :  Conthurd scicwtifi C\ 
illiteracy impaired democratic governance, and rendered the polity susct~pt.ibtt~ 14) /- irrationality and manipulation. Or so the rhetoric went. As Warren, Wtwvei., onc ol' t I(. 

principle ideologues of public awareness of science, drafter of the Arden House policy of' tl1c 

AAAS, and Intel- president o f t h a t  orpnnizati(Pn, put i t  in ;I talk pibrn a little1 ovell. :l tno!ItlI 

after Sputnik wrenched open the window of opportunity fbr science populu~iztw: 
is 

No longer is it an  intellectual luxury to know a little about this p e a t  tool of' 
the mind called science. I t  has become i simple and plain newssit\  tti:it 

4 
people in general have some understanding of' this, one of thc grcat.cst 
forces tha t  shapes our modern lives. We must. realize what conditions of' 
freedom and flexibility of support must be maintaintd for pure scicntifir. 
research in order to assure a flow of imaginative and basic new idcilh. 
Without some of this understanding we simply cannot bt. intelligcwt c.il.jisctls 
of a modern free democracy, served and protected by scicncc.:"' 

It would be diflicult to find a more direct cxprossion of c.on.junction or  l hc* 1)01111cs 
... 

and ideology of science with communication. This ideological condition~ng also g;ivcb 1ncv11~1 

coverage of science one of its enduring metaphors, that: of srienc?! a s  a cornl~c!t.itivc+ ac.t.ivil..v, 

in which scientists race against one another u, make discove~ies that will unlock vusl 

potentials of power or wellbeing. 

Imaginations of science 

Nelkin observes that science coverage in 
. 

the press at this 

science as a series of dramatic events in which competition plays a pr inc ip l  rolc: imtr#c*t;y 
r 0 

replaces content.31 



Science covrrnge+hhd a frame, a term Nelkin borrows from Todd ~it1i.n:. -- "a 

persistent pattern of cognition, iriterprehtion and presentation, of selection, emphasis, and 
.& 

. 

exclu~ion."3~ The frame of the late 1950s added a new element to the coverage tha t  had, 

since the Second World War, covered science And technology as "breakthroughs," or 

"revolutions," a t  which the journalists and the audience were invied to marvel and awe. 

One of the key items in the metaphoric repertoire of science coverage became that  of 

I 
scientific &nowledge a s  the most important resource of the nahon. This was most 

obviously seen in tke ar t icks about the "crisis in science education" and the representation 

A. 

of' sclcnce and technology a s  a st]-ategic resource, threatened by being depleted a s  the 
i. 

quality or'science c*ducation is allowed to deteriorate. The "the two cultures" metaphor was 

crerikf at this time by C.P. Snow, and invoked on both sides of the Atlantic to suggest 

that the quality of society was threatened, including its essential democratic political 

st~.uctul.c, i f  the divisions between competencies in the sciences and the humanities weve - 
~~llowed to widen.3" But a s  Nelkin notes, the treatment of these,themes in science 

Q 

~ q o r t ~ n g  did not promote an?. equality of relations between the two cultures: 

By stressing the gap between f'uzzies and techs, ... between the needs of . 

society and the availability of people with technical skills, these reports on 
science education iwinforce the mystification of science. And by idealizing 
tcdmical professions. they oversimplify both the meaning of' science literacy 
and the iictual role of scienw as  a national resource.34 

I t  

As tht* iw~ta l izcd  US President's Scientific Advisory Committee formulated it in 

A dcmoc~.aric citizenry tmiay must understand science in order ta have a 
width and intelligent democratic participation in many national . 
dccisiens.,..There is. thel-efot-e. no escape from the urgency of providing 
h ~ g h - p , ~ l d ~  and plentiful adult education in science.now, planned for those 
wht+ unprt~part4 even in t.he fundamenhls.:j5 

Ihiman, in his examination of the creation of the 'problem' of science and the 

media in the discourse of academics, decisionmakers and scientific journalists, suggests 

thut the problem was seen as one of widespread public ignorance exacerbated by a "flawed 



and opportunisticw coverage. The necessary antidote, and the strategic importgnce or tht* - 

media, lay in a new type of seienwpurnatism that was being adwr&d: 

[Olne that  will concentrate its attention on processes of investigation (and 
therefore on academic inquiry); that will be motivated by the- need to 
educate the laity in the contents and methbds of science; that will bv 
answerable to the scientific community' for the accuracy of its covwapc: 
and although perhaps critical of science in specific instances. will ultimately 
have a s  its aim the promotion of scientific interests and the creation of a 
public appreciative of science, accepting of its findings, and wpportive of its 
efforts3" 

+, , 
Such improvements in science journalism might p~wvidc. the ntwssu1.y antidolt& to 

the low salience of science for the public. And a s  for the 1 a l . p ~  ideological project: 

[A] population sufficiently attentive to science, and adequately apprist~d of' 
the rigour of its methods and the value of its investigutlons, would Lc, if' not 
more 'rational,' then certainly more inclined to listen to 'reason.':" 

tiu~hority to science and to the political, social. and economic stt~uc.tu~.es rn whrch i t  was 

increasingly implicated. - .  

veal.. Support for basic science rose even mow p r ~ i p i ~ o u s l y ,  dollt~ling ovel the sarntA -- 



Part two: The sorcerer's accomplice, 1966- 1976 

s 

The period from the mid-1960s to mid-1970s saw science's political fortunes 

tumble, a s  cultural frames shifted and disenchantment with science and many other 

institutions lead t~ the criticism of them in fundamental ways as-Alienating and anti- 

humanistic, reducing experience to the one-dimensional. The conventional political agenda 

changed, and with it the resource allocations to science -- science policy shifted support to 

the application of knowledge in forwarding specified social goals. Funding for 'basic . 
-, 

~*esearch dropped under two administrations -- Johnston and Nixon -- falling by over, 10 

pt.t.cch~ between I 968 and 1117 I and then staving practically constant for the next four 

n u t  perhaps a mow significant causal factor, according to some commentators, was 

the change in industrial strategies on the part  of the large corporations. As the payoffs 

1'1.om innovations seemed delayed or increasingly reduced because of market pressures for 

i" 
marc. immetliatc gains, emphasis shifted from pure research and development to process 

improvements, awuv from expansion of capacity to optimization of existing production. 

lndust~y-f'unded ~wea l - ch  declined more sharply than publically funded research: a drop of 

37 per\mt in the period 1966-1972. ' 

Science policy and was restored in a manner that linked science ever more 

closely with the dominant structures. The implicature of science and the economic 

s t t ~ t ~ c t n ~ ~ e  was reinforced by the r t~es s ion  of 1073 and 1974. Searching for a way out, and 

T ~ I '  rwsons  for the poor perfofmance of the American economy in those years, economists 

noted that i t  was the science-based industries that remained dynamic -- microelect.ronics, 

pharmaceuticals -- and that these industries exhibited a hmpounded g o z t h  triple tha t  of;  

low ~ h n o l o ~  industries. Extending the analysis to factors within those industries that  

contributed most significantly to growth, it appeared tha t  investment in research and 



development was strongly correlated, in fact, wit.h p~.fwmunc.e in munufwturtd experts. 

4 
direct foreign investment. and iicensing: some 30 percent. of espected rckrrn on 

expenditures in research and development came from some form of technology transfer. 

" 
The conclusion tha t  emerged was that research and development make 

fundamental contributions to capital expansion in creating new products and niw 

production processes based on advanced scientific or twhnologicnl inputs. A s  intdl t~ctud 

capital, "scientific resources and the aptitude Ibr technological innouatio~i, ...[ constit,irt~~l tho 

major asset of industrialized nations in the new modes of' intc~wation;tl comprt.it~on and  

interdependence," a s  the OECD (Organization for Economic Cooperation and Dt~vrlopmcnt ) 

r- 
was to summarize the developments o f the  decade.:'" Thc pcrccphn of' scicwtc us  stratc~gic 

economic capital (in addition to having strategic Cold W 31. iml)ohanct~) had i m p o h n t  

' conseyuences~fol both the internal organization of the scientific community, and t.tw nat.tctv 

of the larger social and political  tion on ships of scitmcc ... and the nature of' thc discoirl.tic 

about them. As Dickson points out: 

Science as an essentially undirected activir.y, even if' cnrricfl out with t.hc 
promise of long-term technological spin-off', f i t ,  easily within traditional 
conrepts of academic scholal.ship, i qu i r ing  f'or example, the coml,l&.c 
freedom of scientific. communication rind cxchangch I'or the gr.owtl-, ol' 
scientific knowledge. Science a's an economic commodity, howtwcr, has vcr1.y 
difl'erent implications. The language itself is the language of the t)oardroorn 
and corporate- investment planning. A s  "knowlcdgc capital," tsc.!st~;irx*h is 
expected to generate an  appropriate return .... Control of knowledge t~ccomcs 
a vital weapon in the corporate armory -- and thus a crucial IBct~w in. 
determining the form of the new politics of' ~cience ."~"  

a 

application of "intellertual capital" primarilv tr) kclinic.al and ~conomic p a l h  &rnonstt~ut~tl 4 

a harmful social and environmental indifk.encc.' In t k ~  early to mid- IIJ(i0.s Lhc. - \ 

consequences of the postwar economic and technologicai dcvelopmcnt wcr~: cxamrnc.4 

critically for the first time -- fission, elucidation of DNA,  transistw dtwlpment ,  chemical 

development -- particularly the dimensions and severity of the impact on the environment. 



In 1962, Rachel Carson published Silenf Spring, a n  indictment of the technological 

ahuw of the environment resulting from indiscriminate use of pesticides, particularly 

DDT." A year later, ~ a r r y  Commoner organiied the Scientist's Institute for Public 

Inf'ormution, adding a critical voice to the hymns of public praise.,These, among many 

other a g i t a t i ~ ~ s ,  turned to a larger questioning of the philosophical underpinnings-of 

science and science 

4 

T5pical of' the tenor of the new criticism was a paper delivereq to the AAAS 

annual meeting in 1966 by historian Lynn White Jr . ,  which created a n  enormous stir 

inside and outside the scientific communi&y. White challenged some deep cultural 

assumptions of t)oth science and the larger society by suggesting that  there was a 

dangrrously anthropocentric religious foundation to the ideas of human domination of 

nature and perpetual proprekfthat had produced an environmental crisis (and by 

attribution of cause, a crisis in the public belief and warranting of science). 

[Mlorr 
pres6n t 
are per 

science and more technology are  not going to get us  out of the 
crisis until we find a new religion or rethink our.old one (for they 

.meated with orthodox Christian arrogance toward nature) .... We 
shall continue to have a worsening ecological crisis until we reject the 
Christian axiom that. nature has no reason foi existence save to serve 
man. J 3  

Jwomc It. Itavctz, in Scic*ntifir hnnu!ledgc~ cind its soc.iul prob1r.m~. published in this 

period, likewise warned that science might be in decline and in danger of dissolution 

bccausc of' its seeming alienation from a changing social context.44 Ravetz characterized 

science a s  "tecl~nocratic." While science had penetrated society in applied forms in 

technology, it  had itself been penetrated and industrialized by the domination of' capital- 

intensive ~vseatx-h. The cttnsquent loss ttl 'bounda~ies and unique codes of behaviout and 

ideals t.hought,to g6ver.n science threatened its autonomy. Scientists, were in danger of 

becoming simply labour resources a s  their production was appropriated: science was 

victimized by its own efficacy. Decisions on funding had become contingent. on potential 

praeticsl or selectively beneficial outcomes, determined by "an oligopoly of investing 



agencies." The of truth-seekers was being broken, and social pressures were 

entrepreneurs. b v e t z  warned that  us sciencc was svtlrl 
r 

to be a moridubious, intere3ted activity. the struggle to control and appropriate its 

i--wPP B .  product would intensi y. In this period the autpnomy and resource base of scietyc w t ~ s  
\ 

. . *under seige from all sides. 

Reenchanting science 

In responding to the criticisms and the budgetary strictul-es that they producrcl In 

public funding in the 1970s, the science community sought. both prupmutic wuys 1.0 qjplv 

community was to attempt to regain control and txdefine the boundaries between science 

and the political process in a way that  reasserted the principle -- now once again necmingly 

C 
science to socially responsible ends, and political strategies to control such criticistns. It 

b 

was in, attempting to counter the cyitical "anti-science" movements that thc d iscou~w of' 

science popularization became even more strongly of' ideological chat.actcr: "Wc must t.ry 

and reverse the disillusionment with science of the Americun public," said (;lc.nn ScuI)org, 

president-elect of' the American Association for the Advancement of' Scithncr in 1!)70, in an 

address to the annual meeting tha t  year. "And we're going k) have to make scicnw mwcl 

relevant to human problems than we have in the past.""" 

One of the means of returning and integrating social v:durs into scientific and  

technological decision-making was through the introduction of' r~egulatory conrml in ttw 

' a)eas of health, environment, and safety. 

Pressure for more explicit, and direct intervention -- such a s  thcb actions of' the 

municipality of' Cambridge, Massachusetts in trying to ptwent  rcwmbinant D N A  

experiments at MIT until issues of possible health hazards were r.e~dvtrct -- ~xqwsenwct r-l 

political challenge that  required a d i f i ~ e n t  str-ategy. The political response ol' the* scientific 



26 

threatened -- of intellectual freedom'and autonomy from control tha t  had been negotiated 

immediately after. the Second World War. 
- 

P 3 t b 

One of the sites from which the discourse was mounted was provided by the 

technology assessment process. Technology assessment seemed to. transport social .and 

environmental values into the decision-making system, and integrate them in a way tha t  

did not perturb the dominant mechanisms controlling science and technology. As Dickson - - . . 

notes; technology assessment was deliberately pursued as a way of reducing political 

conflicts to technical ,terms, and Favouring technocratic decision-making modes over 

democratic modes. Larger demands for a redistribution of power were deflected, in science, 

a t  least, by a strategy of transforming the process into the goals -- a fine tuning of 

technological development toward addressing social needs, rather t han  a re-evaluation of 

thc desirub1it.y of the methods used to achieve them. 

The political potential of technology assessment a s  opening a path to a 
nationaf' technology policy held both a promise and a threat to the scientific 
and corporate communities. The promise lay in the opportunity that,  if kept 
under control, it presented those who believed that  social problems could be 
solved through a consrhsus of scientific experts with a mechapism for 
injecting their solutions into the'public policy fiel-he threat lay inkthe 
danger, a s  these two communities saw it, that  the same mechanism could 
be used for imposing socially determined objectives on their activities, i.e. 
fbr public contlwl of what many considered should be private decision- 
making. The scientific community ... ~.ecognized in the public questioning of 
science rt threat to its own political autonomy unless this questioning was 
dcfltY!ted .... "' 

The establishment, in 1972, and subsequent functioning of the Office of Technology 

Asst.ssmt.nt and the resolution of public concerns over tht. potential health hazards 

prcwntpd hy ~vcombinant DNA research reflected the way in which the political autonomy, 

of st.it.nt.ific dt4ston-making was miiinhined. The challenge to it. represented by increased \ 

nwwcness of the broader sociul impacts of science and kchnology was contained and 

contt.olled. In both cases. the institutionalization of a processs of evaluation in the OTA 

and the forum presented by the recombinant DNA debate, the field of discourse was  

redefined in a way tha t  restricted the political import. In ostensibly attempting to raise the 



! 

level of political discourse over contentious issues involving science and ~t.chnol6g-y. the . 

discourse was transformed from a n  essentially politi<al.one to a whnocl-utic onv in which 
t. .? - 6  " 

--a 
< 

the terms of the debate and their valuations were set by the scientific t~nd  cotyorate 

interests. 

The instrument of truth 

i 
d 

Press coverage of science in the 1970s was part of the larger frumjng of socid 

criticism in which concerns about the social and environmental impacts of' sciencc rind , 

technology predominate&Coverage was extended ftwm the products of ~-csewc.h and 

development to social implications: the conflicts bt.twec*n the two cult.ut.cs I~t~c.ilme a focils. 
I 

Disputes over  wombi in ant DNA research, food additives, superqonic tl~rlnspo~~t (SS'I'). w d  

nuclear power were reported more often. 

1 

This is the frame, from the mid-1!)60s to the mid- 1970s, in whlch sclcnpt. was 

r" 
feared, sometimes reviled, a s  the cause of environmrnt~tl and social risks. Covt~itgc* shif'ted 

' 

"from the conquests of science and technology tc) their consequences, f'rom thc c.clctwation 

of progress to rt more critical reflection about the prohlt~ms brought ubout t ~ y  tcchnologicd 

The public attitude toward science near the close of' this period was on(& of 

"deepening d is i l l~s ionrnent , "~~ and 'scientists were concerned with the "deep misLrusl oS 

science and kchnology ... expwssed by many of our socicty today."+' 

Essays and books by prominent writers wjth wide readershrp ht~oudc~sc  the* 
! 

doubts concernmg the explanatory power that was thought to tw 1.6sidcnr in 
science itself: The countercu1tu1-e essayists, with large audiences d' the11 
own, would drastically change the pt.edominant balance Savoring rational '-, 

elements. Matters are  only made worse by some reactions from within   he 
scientific community, which often seem, and sometimes &no ~ r c ,  ~ ~ l ( :  
serving. These frequently confuse the obligatictn to take  s sly the state 
of public understanding of science with the* term benefit6 that  wmW , 
accrue from better public  relation^.^^ 



But wme, like Amitai Etzioni and Clyde Nunn, disagreed. (Etzioni, director of'the 

Center for Policy Research at Columbia University, was also a key figure in 
i 

institutionalized science popularization: onetime member of the editorial board-of Scienci 

magazine, the Nn$ional Science Foundation Information Council, and the AAAS Committee 

on lhe Public Understandingeof Science.) In a review of suryey and poll da ta  Etzioni and. 

Nunn set out to explore: 

.. . [Hlow widely institutions embodying rationality are accepted, or at least 
.toiernt,ed....the status of science not only as a social institution in its own 
right, but also as an indicator of the changing s tatus  of "rationality," one of 
the foundations of modernity in our ~ o c i e t y . ~ '  

Gauged from the data  gathered in a number of surveys undertaken from 1957 to 

1973, science gained jn public confidence relative to other institutions. In the spring of 
\ 

1973, science ranked second only to medicine in eliciting "great confidence." The general 

disdfection from auLhwity and loss of confidence of the period affected science, but & a 

lesser relative degree. They suggested that  a s  science: 

... seems to command more confidence than many other institutions, 
particularly gctvernment and education, science cannot hope to gain 
Icpitima$ion from public officials and educational leaders. Ipdeed, 
government and education may, in future years, turn tu scientists for 
legitimation, since only those who arc  trusted can lend 

4 

'I'hyy also suggested that confidence was correlated with education and that  in any 

strategy to obtain public support, scientists might. "recommend 8 large-scale campaign of 

r d ~ c a t i o n . " ~ V h e  education and income-correlations performed on the data  suggested to 

Etzioni and ~ u n ;  that  the major source of distrust for science was "not a massive 

mot~olithic co'untercultqe groupl'madc of educated middle and upper-middle classes, but 
k1 

"lower-status, less-educhted groups, and people who live in less affluent parts of- . 

A m e r i ~ a . " ~ ~  The alienation from ritionality and its institutions was strongest among the . 

usual malcontents:, the poor, the disadvantaged, the poorly educated. 



A number of factors combine, however, to minimize the likelihood that 
science will come under severe and damaging attack from this quarter. The 
kinds of people we have been discussing tend to be p o i i t i c a i t ~ n a c v  
unsophisticated, and to command limited political resources. Alt.hough, 
when they a re  aroused politically, they often tend to gravitate .toward 
extremist movements and charismatic demagogues, their overdl record of 
political participation in the United States is weak and sporutic. They are  

- - 

less Kkely than better educated, wealthier, more tolerant urbanites -to 
engage in such traditional political acts as voting, writing letters to thc*ir 
elected representatives, campaigning, and contributing time or money to u 
political campaign.55 

Etziani and Nunn went on to point out that a small erosion of' faith in science 

among the "politically active*s~cial strata" would be of grt!ater consquence than "mtwsivt. 

disaffection among the geographically, politically, and economically periphend mcml,iw of 

society."56 Given this stratification and its significance for the pul,lic wiw-anting OF' 

science, a major focused campaign "to inform and educate thp public would yicld mow 

understanding and support than such campaigns usually yield.""; 

* 

It  is an ironic contradiction, but perhaps an  inevitable consequcnccs~l: the 

increasingly ideological character of the public discourse of' sciencib at this timc. 'Slw 

purpose widely argued and accepted for science popularization was 11) c m h l t b  and c*nlm.gc 

democratic participation, promoting rhore responsible modern citizenship in iltl agc of' 

science. Given something of an experience of' what the rcdization of t h t  purposch m i ~ h t "  
x .  

involve, the scientific community turned it into a baldly instwmental s l rakgy,  and O C ~ L I I I  

more systematic efforts to communicate with control. 

The scientific community came to ~.ealize the double-cdgcd importance. of' 1mC)lic 

awareness of science -- and especially the desii.at,lity of' inculcating a f'llAuratle a t t i~ude  --  

through the crises of the 1970s. In  order lo deflect futury crises. 2nd cvolvc. ;I s~r;~tc*gj..  

this community of interests k g a n  to examine the nature of "normal" 11ub1ic awat.encBss, 

and build and strengthen the public awareness of science as originally concc~vcd in thc 

1950s -- but with a new precision. New communications research begun in 1979, based on 

a model initially developed in the 195Os, moved popular science communication furthbr 
\ 



away from enlighbninga public with science information and toward targetting a 
- 

consti Luency with ideology. 
I 



Part three: Attending to science, 1976-1986 
<% 

I n  a n  e a h i e r  a t t empt  to reconcile problems in the greu of foreign policy 

immediately after  the  Second World War ,  Gabriel ~ 1 r n t h d  had developed a n  analysis of 

political process t h a t  acknowledged tha t  the public remained uninterested in non-salient 

policy issues unless provoked by some dramatic turn  ofgvents.  During normal ptwiods, , 
- A  

only a relatively small, self-selected segment of the public monitored and generally 

attended to such issues. This "attentive" public was  chal.act.erized ns having a high Itwd of' 

interest coupled with a functional level of knowledge of a low-salience issuta. 

Science and science policy toward the end of the tut-Lulent 1 !)(iOs w i f  thcb mid- 
, 

1970s were construed similarly a s  having a history of low snlicnrc undcv nortnnl 

ci~.cumstances. Now the lessons Iixuned in the CI-isis of' thtb Second Wol.ld W:~I.  al,ol~t t tic 

strategic importance of a polity a w a r e  ?if not informed) of Ibrcign policy wety;lpplic.d to 

science. J o n  D. Miller cautioned: 

The emergence of numerous science policy issues on the national political 
. agenda reflects the  growing importance of organized scirncc. to the welrurc~ 

of society. Yet, only % minority of the citizenry has suflicicnt m k r c s t  and 
knowledge to debate and resolve the  issues. lncvituk~ly, the issues arc1 
defined and resolved outside the  electoral process. Policies that  will ufYwt 
all Americans a r e  determined by a ~ d a t i v e l ~ ,  narlww scbgctncwt o f - t h t ~  
~ i t i 2 e n r . y . ~ ~  

- 

Much of this concern with the  "threat" low salicnce posed, of' rourfie, sprnnK from i t  

dismay over the  perceived erosion Of resources li)r science. With the* 1!)70s, the I 1Z-y~'ilr 

"golden age" of science --'following the  launch of' Sputnik, and until tlw m:irmcvl moon 

landing of I 969, when the  growth ra te  of rederA f'unding f h  I ~ C S C L L T ~  and devclopmcn~ 
'h 

was substantial -- came to an  end in a plateau that  was  to last p t i l  Lhq mid- I!)Hlh.'"' \ 



The AImo d model provided the scientific community with a usefd framework for C underatandin the formulation of public policy in low salience areas, and the beginnjngsof 

- 
rt. cemmunications strategy for science. 

& 

The model, a pyramid-like stratified classification of actors in the political process, 

rests on a large base of uninterested general public and  becomes increasingly specialized in 
I * 

(r 

inkres t  and political bchaviour. The next tier is the attentive audience, followed by 

nongovernmental policy leaders, and a t  the top; poli&cal deckionmakers. According to 
1 - 

Miller, its pri'ncipal exponent in the area of science policy, this model does not "mitigate 
8 

the* basicl kne t s  of' a democratic society, but rat he^ reflects the differential ability of 
~F-. 

%T 

individuals in our society to devote the necessary r e~o&:~es ,  especially time, to become and 
- 

\ 

\ 
remain informed and active in numerous policy $reas.""" '\ 

i 
b '. 

Individuals, faced with the pressures of competing and ax-active demands on time '. 
and wsources. choose to allocate them to a few limited areas. This behkiiour is termed, 

All.eiidy limiti& interest and behavioor in inter& specialization. i n d i h u a l s  

P \ 
fl11.r hcu rest.rict their political horizon thl.ough issue special The threshold 
9 

~nliwmation necesswj. Sol informed 01. knowledgeable 

f- cspccially thit~t.  wlth scientific and technological content. it is argu2d -- has r i s d c h  that 
/- 

i t  is incl.tiasingly difficult to attend to more than a few issues a t  any time. 

Scicncc co~nmunicntion enters thi.s model when one looks, more closely a t  the actors 
I 

In thi. vx ious  strata.  Communication of scicnfifi& knowli~dge, or rather communication 

; ~ t ) ( h t  lhv scitwtific yr.ocess of gen&nting knowledge. is one ofsthe principal items of the 

svitmrcl policy agenda for scientists -- a s  represented by the members of the 

"nonpovernmental policy leaders" stratum. 



Miller and coworkers surveyed leaders or science policy in 198 1: it is apparent that 

this p o l e  leadership was. also coextensive wit-h leadership in the sciet~tifit- rtmrnttmty per 

[The leadership group wasl...broadly represenbtivc of the rnqior. di~ciplines 
and professions within the scientific community, predominantly fimm / 
universities but with significant representation from both the hr-profit * 

sector and from independent research centers ... The policy Ir?ade~;s have t i  

strong organizational base within the scientific cbmmunity."? 

(~nteres t ing l~ , '  Miller and Prewitt included science jou~malists l i ~  national 

\ -- 
distribution broadcast or print oi.eanigations among this p.oup -- a tacit tlrknow)t.dKmcm of' 

the role of popularization in the politics of science.) 

The policj~ leadership group reported a "high level 01' 1)ersunsivc activit>." i l l  

engaging in attempts to influence both colleagues within t h e  scientific cornrnunily ;~nd 

outside of it.';3 

'L 
This group rated the inadequate public understanding of' sciencch a s  a m;r,jo~ 

problem of science policy. second only t ~ )  the level of f'unding f'or basic wicntific ~ . c*sca~~ l l . '  

and ahead of such items a s  the obsolescence of scientific instl.umcntation, thc qu:rlil.>, of' 

plwxdlegiate science education, the availabi1it.y of t.raining and t.escar.ch ol)l,ortunitic~s f i )~  

young scientists, incentives for  industrial research, and the application of' ncbw sc.ic*titific 

7 

knowledge toward end ptwducts and 

Rut 2 feature of' the poli~ical p~wcess that this modcd was construc+tc~J c J c ~ ~ r r t ) c .  is 

is limited participation by "the public." Whv then should L: c~oncerm with th(. j )gtd~c 

awareness of' science feature so highlv on thc agenda of' thc policv Icwle~.shij, of' 1 . l r c .  s c . ~ e * l r c . c $  

communitv? 

In the activity of science policymaking modelled, most decisions a re  taktw at thcd 

top  levels of the participant pyramid -- the decisionmakers and policy leaders acting 



independently ofLthe filicy public. These glites usually only have recourse to the larger 

public under three general c i rcumst&ces. '~hen there a r e  "serious dilferenees among 

science leaders," appeals a r e  made to the attentive and interested publics for 

support of contested policy positions -- nuclear power generation is an  example. When the 

policy demands made by policy leaders are  rejected by decisionmakers, attentives, 
i-,. 

principally, a re  enlisted in attempts to leverage decisionmakers. Finally, when issues 
, 

hecome politicized a s  election issues or a s  referenda'topics through special mobilization of 

opinion and support, the public participates -- examples being issues such a s  flouridation, 
a .  

l i d  irridation, food additive safety, and the like. 

:..[I11 would appear that  the stratified model for the formulation of science 
policy provides a n  accurate description for normal times. The policy agenda 
fo~.mulated by the leadership group provides the framework within which 
sclence policy develops. When disagreements arise among science policy 
leaders themselves or between the policy leaders and decisionmakers, 
efforts may be made to mobilize the attentive publlc for science policy.65 

U n w ~ l c o m c  a t ten t ions  

1 h a w  suggested that the funding cycles identified by Dickson, Greenberg, and 

Millcv himself, and the hist.ory of the rise and fall of the growth rates that  produce those 

cycles a1.c s o u ~ ~ c s  of "disagl.eementW between decisionmakers and the science , 

p() l i~>' l t r ' i \d~~.~.  Thew is also a n  ongoing "disagreem6ntW in cultural values between the 

sclcntific community,und society a t  large that  periodically assumes dramatic proportions -- 

; tlw pcriod of the mid-l!NiOs to mid-1970s was one, and there a re  signs that  we may be - 
/ 

entcrlng anothc.1 (thtl I wewed questioning of nuclear energy policy in the fallout from 

Clit~rnoyttl. a similar disillusionmcnr with the space PI-ogramme following the shuttle 

dis;\slt~r, and the increasing disillusionment with science* in its complicity in the "Star 

I 

Wars" I:ip of' the arms race. l 

.4ccording to the series of biannual surveys conducted for the National Science 

Foundation, science and its principal audience and constituency have been of similar minds 



, . 

on most of the items of the science policy agenda in t h e  two broad a reus  oI' concern, 

acquisition of resources and preservation of independence.ce - 

The basic objectives of the  scientific community have been simple and 
* - 

straightforward, according to Miller: "independence of inquiry and adcquutc support (4) 

sustain the  scientific enterprise. "6i 

The attentive public supports the  policy leaders' emphasis on the ntwd Iiw 

increased funding for scientific research and development. but" was  intrl.cst1.d-p~.ima~.ily in 
- 

the  utilization of science and technology in the resolution of problems or thc impri~vernt~nt 

of well-being particularly in the fields of' health, and education: 
' Z  

The attentive public appeared to view support for scientific r.csc*s~~ch as onc 
of' several desirable governmental activities, but refused to accord i t  sl-tcc~iil 
s t a tus  -- including a n  exemption from federal budget ~ ~ e d u r t i o n s . " ~  

Although both the attentive public and the policy 1eadtr1.s re.jected the. idcv t l ~ t  

there actually is a growing trend of public distxust in science -- and 1.1-1ct ut.t.il.udin;tl su~.vc~y 

work seems to confirm tha t  science continues to enjoy strong support and high- 

expectations -- both groups expressed a concern about the pokntinl  for puthc distrust of* 

science. 

The polh,leadel.s gave s relatively low estimatc of the publ~c's  k~lowledgc of 

science, suggesting tha t  only about 14 percent of' the public understood the mcbaning of' 

scientific study, or specific concepts such a s  radiation (estimated public unc~c~~st ,ant l~ng:  22  

percent), or DNA (estimated public understanding: 9 pwce ). The puhl~c. t~*lrc.vc. a 
themselves ta be better informed than the est imates given by t \  policy laudr~.s.  l ~ u t  w t w )  

tests  of scientific literacy wvre applied, proved to have g l ~ a t l y  ovc*~.cstirnsted t.hi.11. 

understanding -- only half' of the respondents in a 19H 1 survey who estimated that they 

themselves understood the  process of-scientific study could provide a minimally accep ta th  

definition. Revising these self-estimates of the  level of public understanding, Miller 



" cnlcula94 that the public estimate of understanding was closer to that  of the policy 

I&iders, placing it a t  11 p e ~ k e n t . ~ ~  

In fact, Miller susequently developed and applied "an index of scientific literary 
b . .+.. 

that incorporated three dimensions: :in understanding of the purposes and processes^ of 

scientific i(lvestigation, a minimal command of basic scientific constructs like radiation or 

DNA,  and an awareness of' some w r e n t  policy issues," to discover than only 7 percent of 

thr total adult population of the U.S.A. could be deemed scientifically literate. perhaps 

mow disturbingly, when correlated with the other measures of attentiveness, Miller noted 

that only about one-thisd of' the attentive public fbr science policy could meet the minimum 

qualificntions of scientific l i t e r a ~ y . ~ "  

On another critical area of pseservation of independence, the attentive public 

~x~rut.ntd unset.tling evidence of deviation fsom the science policy agenda. Whereas the 

policyleaders appeased to be not uncomfortable with the degree and extent of government 

scgulntion of scientific and technological activities, the attentive, interested and 

nonattcntive publics: 

- ... all indicated a willingness tc) restrain various scientific activities, 
cspcciallg research concetmin~ new life forms and increased control of 
gender dttwmination. While the propensity of a substantial portion of the 

, public to restrain scientific research has  not become a widespread political 
- problem for the scientific community, it remains a potential source of 

exploitation and d i f i ~ u l t y . ~ '  . 

P e s w v c n  more troubling fos the authority of science, is the contradiction 

Iwrwvn thc. public and poliry rciidc1.s' :ittitudes concerning cseationism (the claim of 

\.al.ious rt4iptous gl.oups t.hat. thc Biblical version of creation should have equal s ta tus  in 
Zr 

scic~nce classes with the evolutional*y thc~ory~. Almost unanimously rejected by the scientific 

cwmmunity. creutionisr theory was supported by fully two-thirds of the crffcntive publik. As  

Mijler notes: 4 



The low level of scientific literacy among the attentive public is n serious 
barrier to communicating sophisticated information about scienctl policy, or 
to effectivdy mobilizing the attentive public to work for specific policy 
outcomes. The propensity of the attentive, interested and nonattentivtt 
publics to restrain scientific inveqtigation in selected areas  land] ta suppwt 
the creationist position in regard to science education illustrates the 
potential threats to the independence of' the scientific communitv tLhut may 
result from low levels of scientific 

The attempts to mobilize the attentive public on specific issues h ~ ~ v e  h t w ~  ~. i \~.c .  t hc 

'1 accounts given of the efforts made to establish the Atomic Eni~rgy Commission us un 

exclusively civilian-controlled organization, and the establishment of' t hc Nut iond Scicwcc~ 

Foundation are generally the only instances in which the attentive co11st.iturnc.y has Lwcw 

explicitly called upon. In addition, Miller points out that the policy Itudrrshil) ol' scienw is 

both unpracticed in mobilization -- having been able to obtain sufliricnt rcsoulLc.rls and 

maintain an  acceptable measure of' independence without wcourse to an.v kind of' I)~mtJcv 

political struggle -- and somewhat wary of' the attentive pul)lic. Ihlist.ing the supl~u~*t  of' ,I 

political constituency would mean opening the science policj' process and to ;in exlsnt r 

scientific community and its activities -- albeit in ri highlj. controllt*d and limitcvl I'ashion - -  ' 

/ 

to ri broader participation. 
B 

. . In very general terms,, for policies other than thc* acquisition of' ~ . i w t ~ ~ ~ c c . s .  
the primary use of' the attentive public for scic~jci~ policy is defiwsivc, that 
is, to pi.otect against the erosion or 1.eversa1 of' t he  post.war rd:itionsIiil~ 
between government and organized ~c ience .~ : '  

Motivated communicat ion 

the scientific community, decisionm~kers, and i n t e ~ w t d  partir'ipant.~ in thi. r n c d ~ ; ~  and 

corporate sectors is the result of' an increased awa1.cncs.s ol' tt~c+ ~ ~ o l i ~ i c a l  a n d  c.vonolrlrc. 

power that  could be derived from a science constituency. This ncw awarwwss wuh itw.ll' 

the product of the positive experience in the "golden age" of science funding and 

harmonious discourse on science from the Second World War until ahout the mid- l!)fjOri. It 



Somtk other means must be found to communicate about science and technology 

other than the ideologically controlled ways currently dominating. Not to do so will allow 

t.ritical ~)olltic.al issues to continue to move further and further away from the domain of 

t1c~rnoc.1 . t t l c .  dcacision-lniiking under tht* guise and control of pop"larization. 

- 

was s p u r 1 4  equally by the negative experiences of the mid-1960s to mid-1970s, which 

saw encroachments on both the funding and cultural authority of science. 

Dickson suggests more directly that  much of the recent efforts to create science 
, . 

\ 

literacy and'populariw science a re  transparent efforts to restore to the scientific 
> 

community the status and resources -- and particularly the political power and autonomy -- 

eroded by the attempt to bring social values and controls to the scientific enterprise in the 

decade of' the mi'd:ll)60s to mid-1970s. Programs of science education in the schools and 

t.hv project of' increasing science communication to the attentive and interested publics have 

as their objective not the promotion of critical scrutiny of sc nce or questioning the B 
coqjunction of' scientific and economic power in the private decisionmakers, but 

the legitimation of' the scientific controls in social willing acquiescence to them. 

In this, an ideology conditions science communication. And as Dickson forewarns: 

...I lJ1nless the results of decisions made about science and its applications, 
a s  well a s  the procedures by which these decisions a re  made, a r e  subject. .to 
continous public scrutiny, the danger remains that the democratic process 
will have been replaced by negotiations among the members of a relatively 
small. like-minded elite, justifying the consolidation of their power over 
impottant scientific and technological choices by referring to the need for an  
efficient response Lo both commei.cial and military threats, and thus 
conveniently ignoring the broader political implications of their actions.74 

This tntrtiv:ktt*d communication on science draws its tdeologieal coloration and force 

1'1-om Inow decyly embedded ideology within scientific practice. The next chapters 

cwrninc* t.he ideology conditioning popular science communication closer to its source, and 

pi.opost% some analytic tools for recovering it from popular science texts. 
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CHAPTER TWO. 

THE CONDITIONED DISCOURSE 
II 

[Tlhe conclrtsians of natctnrl science crm trtre and necessary, (lnd the jruiimrnt 
of man has nothing to do with them. 

-Galilee Galilei ( 1584- 1 M Z )  
A Diulognc Concerning thv 7hw rhitf World 

Systems. 

The  concern with public awareness  of sciencc, ors science populariz:~tion, can Itch 

seen to vary  as a function of the politiclrl agenda of orpunizcd scienccb, which it.sell' vat.ies 

according to how adequately its institutional imperatives arcb mtat. In this context,  sciewc* 

popularization can be characterized us a component element of' a disc.oul?w of' Icb~itimutlon - 

- one which seeks to establish, maintain, or  in some cases restcke, thdlr.gitirnacy-or 

authority of science in the relationship between science and the  largrr  socia la tdt~r .  

Popular science communicat'on rep~.oduces elements and conctbpts d rawn  from 4 
science, but reproduces them in a way  that  transforms them a s  ideology. 

This ideology c o n s t ~ w t s  a n  ideal sciencc, giving it LI special s t a tus  ;IS ~.iit,ion;~I, 

uncontrovertable knowledge, and represents the  social o ~ d e r  constituted by thc p r u c t i ~ ~ ' s  of' a. 

C 

science 3s ;t meritocracy of truth.  
- 

In lik6 fashion, the  n o r m s  ol' "universalism, communalism, disinlxres~c.dnes.s, ~rrtd 

organized skepticismw2 that organize and bind the scientific community ;II.C~ t.ol)t.ocjuc.c+tl-in 

the  ideological communicaCion ol' popular science to make scienlists appea l  t rus two~%hy 

and authoritative. 



* . 
Science is repkesented in popular accounts, therefore, as an  ideal form of 

authorimd knowledge, and likewise an ideal social organization that  should be extended. 

The ideological formulation of science in popular accounts is not unique to them. 

Science popularization draws on elements of a larger discourse of science. A dominant part  

of' that larger discourse is a positivist representation of science a s  the only valid form of 

knowledge, an objective knowledge determined only by reality. In the follo&ng chapter, I 

will p1,esent a brief'outline of' recent work in the socidl analysis of science that  questions 

that 1.cpresentation. I do so in order to suggest popular* science communication draws its 

own fi)rce from the t~alizntion of. an ideologicil potential in the positivist representation of 

science. 
- 

I L  is not rnj. tntention to contribute u) the development of "antipositivist" theory of 

scicnre, nor t i )  t.chi~:~rsc tht. c.ontroversies among advocates of critical rationalism, critical 

tI~eot.y. a n d  the varieties of' realism. I t  is my in ten t i~n  t i*  use some of this work as 

cotltl'ast.ing concepts that I-evcal (or provide opportunites to consider) the elemen'ts of 

sc1twc.c that huvtb been taken u p  and-used improperly. Thus, without trying to decide the 

issues involved. I wish t.o use them a s  a platform for my own analysis. 

l'hth outline that f.ollows will demonstrate. ,if nothing else. the hold that 

r, 
+ ,  

I cp~.csc~ntit  o n  of. science as  a sort of realist epistemology 01 positivist methodology do  

have. o n  a n y  discoutw about science. 

. L I ~ ; \ ~ \ . S I S  t)t~caiiso of it-< unique1.v rational espistemology. Although sociological analysis has 
f 

1).iat1n tut.ntd on scitwv. the possibilit?. of' any social contingency influencing the form 01- 

6 
'i 

content of scientific. knowledgt- has consktently been refused. Social investigations of 

science h a v e  .been limited to the social factors encourag~ng or const~tiining the autonomous 

activity of the piduction of scientific knowledge. 

'i 



Thomas  S. Kuhn provides a p a ~ t i c u l a ~ . l y  useful p e ~ y w c t i v e  fi.0111 which to c s u ~ n i ~ r c  

science in search of the ideological potential 1.ealized in discouric. l'hv concept of tirc 

paradigm can be taken u p  as a n  analytical tool and used to describe cternvnt.~ or prc~ctwc~s 

of ideological potent'ial in science, and their full-blown idt~ological simuliw~.ci in scic~rcc 

popularization. 

disguised or made invisible by the  pal-adigm-directed hist.ory o~ aut.horit.~. in irormal s c i c ~ ~ w i ~  

tha t  institutionalizes its knowledge as cumulative, prog~.cssing t.owaids a stnhlc~ t~xi th .  l ' l l ~ t ;  

/ stitutionalization 01- transmission of pavndigms is positcbd by Kuhn a s  t.l1(1 ch;irac.tc~~ist.ic. 

p p e r n  of science. The transmission of the c u h u l ~  through w~.it.tt*n out,llorit,~rs in l r c t s  i* 
j %+ 

+$tself also paradigmatic of science, establishing the knowledgt*-mi*tliut.c~(l ~x~la t ionsh i l~  

between the scientist and nature.  The pnjection ol' t h t w  cha~~;wte~i.ist.ic.s of' scichni.c* illto t l i t *  

communication intended f'oi. a nonscientific audience produce. a n  ~tlc~ologic.al c.hfli~c,r. 

Accounting for science 

Thc. first sociological accounts of' science& t~egin with Ihrkhc~irn  1a l thou~11  scJrncb 
? 

would extend the tradition at  least a s  f'ar a s  Francis Bacon). Durkhc~irn soup111 social 

origins to the basic categories of' human thought. and rrasoning - -  including such "sc-ic.~~tilic" 

forms a s  concepts of' space. time. and fbrce -- using evidcncc* of' t.hc. vu~.int.ion in thc*sc* fi,rrns 
f 

across cultures a s  evidenct. tha t  they wet c .  to at  least somcb cxtcnt .  soc.i;~lly c ~ o n d r t ~ r ~ r ~ c ~ ~ l .  ' 

From the  fact tha t  the ideas'of time. space, clltfis. c:iirsc. O I  ~,c:rsonalrt~~ a ~ ( *  
constructed out of' social elc~ments. i t  is not ncccssal.!. ti, c.onclud~~ I h ; l~  t.h~*>, 
a r e  devoid of' all ot~jective value. On  the contrary,  ~ h c ~ i r  soci~il or.i;:in r,;~th~bt. 
leads to the belief that  they artJ not without foundation in thc. natu1.c. of' 
things." 

Upon this  f o y d a t i o n  is built a theory tha t  unites the phvsical and social fiphtw. 
f - 

Social concepts Qt imr .  for instance, a r e  drawn from the ragularitiaa of w)ciilI life, but 



b 

these regulnritirs reflect the  more basic and comprehensive regularities of the  physical 

world. Tha t  is, concepts are f w m d  in relation& processes in the  physical world a n d  

p r o j w t ~ d  back into it -:where they a r e  ultimately confirmed. Durkheims' theorizing of this 

recipl.oca1 relationship led him to postulate t h a t  conceptions arising out  of social 

rc~gulnrities would have some application to the  sphere of phy&al phenomena, some 

Uut there a re  closer approaches to the  objectivity of the phenomenal world. As 

human societies grew and differentiated, the cohering bonds of social categorization 

loosened. Religious thought about the natural  world was  the  product. of smaller, more 

i~n i ' f i ) rml~  cohesive communities, and was conditioned throughout by the  conceptual 
I 

cit~cgorics drawn from social life. But as complexity and differentiation increased, certain 

segments of' the society weve less constrained by these cohering conventions. 

lielinements of conceptions and techniques of observation permited a clearel- or 

m o w  d ~ r w t  c.onceptunl accord with the actual realities of the  phenomenal world. The  

knowledgth derived from this activity is science, and science sus ta ins  belief because it is 

morca ol),ic~rtlvel>. - -  rather than conventi(inally -- true.5 The knowledge produced by science 

r~tnnol  I ) i b  ; d t q ~ r u ~ c l y  accounted for by sociological analysis, because it is precisely that. 

knowlcdgt. t hiit 1s indebendent of' social conditioning. 

Marx, cstrong and weak 

.4f'tthr 1)urkheim. h1ar.s develops and furthers a sbcial a n a l y i s  of. science. Marx has  

I t c ~ ~ n  intc~rpi.etc.d in t.wo senses on the  social conditioning of science. In the  strong sense, 

R1a1.s is taken to mtlan that  the ctintent of scientific knowledge is the  product of ' the 

cu l tu rd  t~csourccs of ihss 'interests -- historibally, bourgeois cliptitalist class interests -- 

' and serves those interests in reconstructing reality to their a d ~ a n t a g e . ~  In  the  weak sense, 
.,wF 

Murx is interpreted to hold that  although the focus or  mandate of science may be socially 



d 

determined, its conceptual appara tus  and  substantive product. a r e  not. The  weak sense is 

the  predominant interpretation .of Marx in conventional soCioiugy af science. 

The emerging capitalist economies of t h  seventeenth and  eightrenth cvnt.ut;it~s 

provided a spur-to the development of scientific t>nterprise as well us economic twt.t~t.yr.int~. 

The economic requirements of the ascendant, bourgeois class w i w ~ u d d t v s s ~ d  Iry 

technol~gical  innovations, directed by a n  instt.umental scienct~. This satnib ptviod. and s;tlnc8 

stimulus, brought, together two traditions of knowledge, p ~ w i o u s l y  scpar.ritcd by sorinl 

boundaries -- craft knowledge and scholarly knowledge. T t ~ k  fusion of' ivn))iric.;~l and 

rational knowledge in the  service of new class int.erests pl.oduccd a ~rowc~r+l'ul s ~ * x v g \ .  '1'11t* 

new science produced prwtically effkctivtb knowkdpc. that was ustd t .hc .  cupitdisr c.l;is.s 

directly to enhance economic ~~l~oduct, ion.  and as scwncc l)~~odi~cc.d lir~ c:~p~t:iI. so c a ~ ~ t ~ i l  

produced more resources for science. 
C 

Under capitalism. Marx sa.vs: 

... nature becomes pul-clv an  obicct L)r mankind, purelv a matter  ol' ulilitj~; 
ceases to be l.ecognised as a power Ibr itsclf': and the ~hcw~.ctical tliscovc~r~y 
of' autonomous laws appears  merely ;is a ruse so 3s txr sub jugak  i t  t ~ n d t ~  
human needs. whelhel- as an  objcct ol' ronsumption or as :I mibans of' 
p r o d ~ c t i o n . ~  

scientific production a s  a tho~.oughly socid constrwA. Still, Marx IS also c.onsi(J~~rt+~J to ~ I ; I V I ~  

given science something of' the same special epistemological stat.its ;IS 1)urkhcim - -  m t l  

indeed, posited his own analysis a s  scientific. rnaintclining that i t  c.oultl In, c:rnl)i~x.;~lly 

1 

49% wlat.ions of' productiim of' knowledge t.h;it ~wlurc. t~ras .  ~riv:t.sivc. ttlt.olo~~\ . :in11 soc.t:~l 
+ 

conditioning. Within scwntific production, knowlc.clgc. claims carr IJC Ic~grt~nlatr., rton. 

interests and social relations. 



~ u i a i d e  the boundaries of scientific disciplines, however. knowledge claims 

advanced by scientists m a y  be idcotogical, as Rose and  h s e  present the  ;him: 

...[ Slcience becomes an  ideology and scientists the  ideologists. How does this 
work? As the material world controls the  limits of the interpretation of the 
scientist in his own work, the  answer  lies, as Marx  and Engels saw,  outside 
the precise research area ,  where the scientist, freed from such constraints, 
talks (typically in-  the name of science) pure ideology. In the  name of 
science, invoking neutrality, technique and expertise, the  scientist supports 
the ruling s t r a t a  .... B 

Scicncc and larg;-scale, differentiated capitalist economies developed in a 

~ w i p r ~ a l l y  reinforcing relation, according to the  accounts of both Marx and  Durkheim. 
-- -- 

T h r  pl.oduction and modificotlon of knowledge became institu&d in a distinct social sub- 

sys tem,  its practitioners governed also by institutionalized rules in norms tha t  maintain $ 

the activity inde1)endent of individual actors. The scientific subsystem operated 

autonctmously, but provided the means  to fulfill a requisite need -- instrumental knowledge 

was  pmvided fiw economic, material, and social control (and in the  Marxist analysis, for . 

the pal.ticular clash interests of capitalism). The development and growth of the scientific 

cbn t i~ lp ' lw  a w  also thetvt~v determined to an  extent  by the  usefulness of i ts  knowledge, in 

thc ~ w v a l d i n g  of additional resoirwes to further scientific activity. But the  content and 

~woct:ss of' ~wodilcing cc4l i t .d  scient.ific knowledge are not in any  significant way socially 

c-ondit~oncd, ~ i n d  n c ~ c c ~ s s n ~ d ~ .  cannot be, because the constitution -- and demonstrated 

c*fiic;rcy --  of scicntifir knowledge abides in its "objectivity," or direct and unconstrained 

cotwspondcnct~ with the natut.al order.. 
59 

And finally. in t,his enkrpr ise .  the  social ~.clntions among thtb practitioners --' the 

1 . 0 1 t b  of' thi* scientist -- a r e  maintained by norms uniquely dwived from production arid 

c ~ t  lfication of " o b j t ~ t  ivC"' knowledp  -- that  is. scientific communities have special 

c.halxteristics that Sunhion to  reduce social contingencies, bias, intrusive ideologies, etc. 

After Mam, a window 



Karl Mannheim. following 

penetrating observation of science 
I 

Marx, opened 11 window of opportunity for 11 rrro~-e' 

from s soeiologictll perspective. Or perhaps it might t)t* 

fair to s a y  tha t  a discontinuity in science provided's window, in 1.t4at.ivit.y th t~ory,  that 

revolutionized perspectives of all (nonreligious! thought. 

(The cultu~.al impacts of quantum-mechanics and Einst.tlin's speciiil and g c n r r d  

theory of relativity a r e  beyond the scope of this present investigation -- and a r e  in :illy 

case still in progress. Mannheim 4s certainly aware of thtl developmtmts in rontcvnpwiu.?. 

physics, and makes  reference to t 1, e m  in Itluolog~. trnd Iltopitr. 

We will have to reckon with situational determinat~on a s  ;in inl~ct-ent f'ucto~. 
in knowledge, as well a s  with the theory of' l.elat~onism and (,he theory of 
the  changing basis of thought ... we must  rtlject the notion that there is a 
"sphere of t ru th  in itself" a s  a disruptive and un.lusti(i:lble hypothcws. I t  IS 

instlwctive to note tha t  the natural  sclences scvm to t~e ,  in many ~-~sl , t~t ,s ,  
in a closely analogous situation.") 

Mannheim, in at tempting to locate the "t~.uth" of idcas, while m a i n t a ~ n ~ n g  t l ~ i i t  

ideas were histol.ically relative, and much of' social thought. ideological, lookctl to a 
PT' 

distinction between the methods and concepts 01' n a t u t ~ ~ l  sciences and t.hosr of' tht* social 

sciences and historical thought. 

Science consisted of timeless and static concepts, valid knowkdgc* ot)taincd I)y 

unconditioned observation and incl.ensingly ~ d i n c d  rneasurt~mc~nt.. I'hcnomcna in t h *  

material sphere a r e  ifirariant. ' ~ e c a u s e  thc empirical relationships in thtb cxisLLlntii11 worl~l 

a r e  unchanging and univet-sal, any knowledge claims about them must shdn.8 thrs q i r a l ~ ~ y .  

knowledge. Scientific knowlt.dpc. is the cumulative histmy or'sitch ctst.tifird ot~sc .~ vrtt~or~h 
I 

and measurements.  

l~lvestigation or' social phenomena involves inkrpretatton or' par t~cipants '  

meanings. Participants' meanings cannot be observed, and are not timelesh and static, hut, 

change in relation to social position, interest, or perspective. Understanding of the 



"ot~jectifications of spirit," or cuitural knowledge, requires a special mode of knowledge 

diff'erent from that appropriate to the natural world. An act  of sympathetic understanding 

is required that reconstrucb the embodied social meanings through an  imagmative 

projection: hermeneutics. Mannheim sought to develop a relativisitic epistemology to 

cn~ablish equivalent validity or "objectivity" criteria for socially derived knowledge claims. 

~ h n n h e i m  critiqued science following Marx, but suggested that  the methodology of 

thc sciences was a product of ascendant bourgeois culture. in which qualitatiire, personal 

knowledge was denied validity in favour of universally applicable scientific knowledge 

claims. The origins of scientific epistemology are  ideologicnl in this sense, and continue to 

condition thc critel.ia against which all subsequent knowledge claims are  measured. 

Mannheim looked for validation of socially determined knowledge in a relational 

cy)istcbmology in which objectivit,y could be achieved either by application of established 

p~x)cedu~.es or agreed upon critieria of adequacy, or through a sort of mutual translation of 

diverptmt pe~.spectives, each into the other's terms, and a reconciliation at. a more general 

Munnhcim rtt.t.~empt.ed to oppose t.he universal application of positivist epistemology 

to knowlcdp outside t.he natural sciences, and present a valid -- alternative and relational 

-- epistcmolopy for t.he social sciences and existentially conditioned thought. In attempting 

14)  wplicaLtl something of' the key validation procedures of production of knowledge in the 

nat111.d witwces for the social sciences, Mannheim uncovered some of' the underlying 

wnwnlions of the natural scicncc. and provided a glimpse of what might be considered 

- 
t I W I I  t~ tns t  t w t  ivist undtv.pinntngs. 

44 

The restricted view 



B u t  t h e  principal sociological view of science, exemplified by analys ts  l i k c  Wcrntbr. 
\ 

Stark, continued to explicitly exclude scientific knowledge from m y  social considerations. - 
As the  product of the  culmulative application of a uniform ptvspectivtb that ranged ;\cross 

culture% and societies -- a need to know to increase control over nature  -- to 5 dct.crminatt\ 

natural  world, science needed no explanation from sociology. Berausi~ yhysirul scient.ists 

can achieve a n  abiding correspondence between a n  invariant nnt.uw and their own . 
formuiations, they a r e  able to establish their distinctive degree-of intellt~ctual consensus. 

Scientific consensus is a product. of the objectivity of scicntific knowlidgc. Stark:  

The facts of society a r e  made, aind ever re-made. b). us, whewus thc I'wts 
of nature  a r e  not. They a r e  dtrtf~ in a much mole s t r~ngcn t  ~ n t u n i n p  ol' t.ht* 
term. l o  

The standard view of science wpards  t.he 'natu~.al  wo~.lll :ts I)ot.h 1 . t b i i 1  iind ol!jcdvct. 

The nature  of the real world is not determined by the rntcant.ions, prc I f; el,rt1cc1s, 01. c-l;iss 

interests of would-be observers. The  nature of' the phenotnenal world . an  I)c. urltl~~rsr.ocitl: i 
science is the production of accurate knowledgta about the charxte~.ikti( '  ob.ji~t.s, , ) I * O ~ C ~ H S C * H ,  

- 
and relationships of the real world. As Mulkhy s u m s  it: 

To the extent that. scientific knowldpe  is valid, i t  revr.als and cncal)sula~.c.s 
in its svstematic s t a tements  the true charactcar of' [t.hc. nat.ut.nl 
world] .... Although the  natural  wo~.ld is, in a c t~r ta in  sensib, untlcqoing 
continuous change and movement. there exist underlying and unc.hangcal)l~~ 
uniformities. These basic em~i r ic ia l  rt*pularitit~s can t ~ c l  c*xprc*ssr.d as  

universal and permanent laws of' nature,  which tell us what is always ;111(l 

everywhere the case  .... Once a n  observational law h a s  b w n  disr.oviw0 i t  
applies uniyersally and it commands universal asscnl. There may tw some. 
slight room for cultural variation with rcspec:t tx) fhwroiic.crl speculxtitrns, fi)r 
their content is not wholly determirlicd by ohsermthm& data .  Ijut thta 
greater portion of' scientific knowledge, directlv 1.ootec1 a s  i t  is in i~mpirical 

, evidence, is necessarily independent of' the society or t.hc sl,cciltlizcd groull 
whilh first made it available. The  social origin sf' scicmtilic knowlcdgc. i h  

almost completely irrelevant. Lo its contcnl, fhr Lhc 1;it.Lc.r. is dr4c:rrnlncd 11v 
the n e t u t . ~  of' the physical wcwld itwll'. I '  

Revo l t  in the paradigm 



'Beginning with Thomas S. Kuhn, the substance of science has come under scrutiny 

in a new way. Kuhn set  himself the problem of accounting for science in much the same 

way that Michel Foucault and Harold lnnis set  upon their investigations: How tb provide 

a better explanation ~f the creation, maintenance and change of knowledge? Kuhn could 
- 

not consider science as  t h e  accumulation of "truth," a continuous and unproblematic ~ 

unfolding. That the truth is not uniform and unvarying is evidenced by the outmoded or 

discredited beliefs that the scientific enterprise has left in its wake. Characterizing science 

as simply a method, u set of unique methodological directives for the production of 

knowledge, was not adequate either. The outcomes of its methodologies a re  influenced by 

application and interpretation: 

Observation and experience c d a n d  must drastically restrict the range of * 

admissible scient~fic belief, else there would be no science. But they cannot 
alone determine a particular body of such belief. An apparently arbitrary 
element, compounded of personal and historical accident, is always a 

- 
forw-mtivc ingivdicnt of the beliefs espoused by a given scientific community 
a t  a given time.'* 

If. as  Kuhn suggests, science did not contain cin element of the arbitrary, the 

contingent -- susceptible tr, change, modification, r~evolutionization -- then science would not 

~ w o p ~ c s s .  Kuhn believed that science required n new history, achieved through an  

investigation of how scientific knowledge could be a t  one instance certified and objective, 

a n d  then  chanpc in a radical way, but continue to be received a s  legitimate and true. 

Current or.pi.esent. practice is "normal science": "research firmly based on one or 

mow past scientific achievements, achievements that some particular scientific community 

acklwwltdpes For a time as supplying the foudation fo i i t s  further practice."13 Normal 

sr.lcncta ~ . e q u i ~ w  a paradigm, a recognized solved-probled set -- that  entails and provides 

laws. t.hro~.ics, applic:~tions, instrumentation -- and supplies a "locus of commitment" and -- 
an a t ~  of unresolved puzzles on which to focus. Paradigms restrict the known, and allow 

ernp'irical rese&ch mid theory articulation to be prodwtively directed. Paradigms provide 

the cohering transformation of individuals engaged in diverse investigations into physical 



phenomena into a scientific communit.y or piSofession. Onr of the first indicators of the 

acceptance of a paradigm and the initiation of the process of normal science is thv strugplc 
- a -  

for its institutionalization as a code in communicat.ion (through joiumuls, sp t~ ia l i s t  

societies) and in education to ensure its transmission. 

Most of the work of normal science is esoteric, produced us further ut,ticulntion or 

specification of a n  adopted paradigm. Paradigms are adopted in large part btxmist~ of' t h i r  

efficacy in solving problems. Normal science, in effect, refines, tests, and focuses t.hv limit.?; 

of this efficacy. In the process, the paradigm enables an exploration and ret~+val  01' 

. knowledge that would be impossible to obtain in a "chaotic" undertaking. T h ~ w  ~ I * C ~ I S  

make up normal science investigation: 

1 )attempts to increase the accuracy and scope of' the class of' I'acts ;I pwitdigrn - - 
identifies a s  significant; C 
2)establishing the predictive capability and extent of' thG0r.y arising from the p r t r ~ d i ~ r n  
-- improving 01. finding agreement between fact and t.het)t.y: and 
3)hrticulation of paradigm theories to resolve the ambiguities or c~wdities of' initial 
formulations that included puzzles -- such articulation brings the paradigm into clorc~r 
correspondence with the physical world, and involves determining "universal 
constants" or "quantitative laws." 

Normal science does not, therdor.e, produce rn+r conceptual or pht~nomc*nul 

innovations. Kuhn chract.erizes normal science activity a s  puzzle-solving. thing tlw 

exemplars of' prtb usly solvtd problems to guide or. provide ~.c~sourcc*s. thc* cxl)ansion of' - 
knowledge into normal science is an achievement of' ingenuity (11. skill, like puzzles-solvirlg. 

The solution is "assured" because normal science operates within a parmligm, just ar; a 
J 

puzzle has a finite number of pieces, and is known to fbrm an intalligi1)lt~ wholt. dtwgn: 

The existence of' this strong network of rommitqents - -  c-onctqtt.ua1. 
theoretical, instrumental, and methodological -- is a princi1)al sourrc* 01 '  the. 
metaphor that relates normat science to puz~lcw)Ivi t lg . '~  

Paradigms a s  analytical tools 



Kuhn advances paradigms as prior to, and more determinate than, any  set of rules 

Ibr research, because they k t t e r  locate and describe scientific communities and their 

activities. Paradigms provide a powerful explanatory tool for the historian or sociologist of 

_ science. , 

Scientists can identify a paradigm "without agreeing upon, or even attempting to 

produce, n full interpretation or rationalization of it. Lack of a standard interpretation or of 

an agreed reduction to rules will not prevent a paradigm from guiding research."15 Kuhn 

% 
noteb; that attempts tn ascertain the unifying,+ules of scientific activity have been 

unsucc.essful. Further, examination of scientific education -- where such rules ought to be 

availablt~ c.x_l,licitlv formulated and transmitted -- reveals the process as one of paradigm 
- - 

cmbvdding. Science education proceeds by modelling, not by abstraction of rules from 

experience. 

Normal science pets along without rules so long as the scientific community accepts 

- the achieved problem solutions, and they function adequately. Rules only become a 

problem when a paradigm is in crisis, or beginning transition -- a theme Kuhn takes up in 

his account of change by revolution. Paradigms can show scientific communities "oterlap 

without being coextensive," and provide a description of the diversity of scientific activity 

whc~t.c~ chungc. can, selectively occur within some fields and not transform science in a . 
wholesale fashion. 

* 

Nor.mal scicncc provides an adequate explanation for the steady extension and 

1.c4inc.rn~nt of' knowledge according tct expectations prtduced by paradigm-guided r ,earth. 

\ *  

K t w  knowlvdgt~. discovwy of ftict and thpory , is also accomplished using paradigms a s  \ 

scmsitivta Iocdt4o1.s of whew that new knowledge might lie: "Discovery commences with the 
,' 

awareness of anomaly, i.e.. with the recognition that  nature has somehow violated the 

paradigm-induced expectations that govern normal science."16 



1 Anomaly is explored and assimilated through adjustment of parudigm theory. 

1 Discovery is aAprocess, requiring observLtion and c ~ n ~ e ~ t u d i z n t i o n ,  I'act and ~\ssimilntion. 

in a way tha t  revises or amends n paradigm. But even such fine tuning within a paradigm 

is a procesk negotiated with some dificulty. Normal science dtwelops ,~ i t .h '~rec is ion .  

specifying fact and theory to develop stronger and stronger correspondences -- the mow 

conventional and comprehensive a paradigm becomes, the greater the significuncc of uny 

anomaly that  persists becomes to its knowledge claims. Thcrc comes tl point, tit which un 

anomaly, or the proliferation of ancfmalies, unsettles in a fundamental wak thc  purndigm 
, 

\ 
that  sustains a scientific community. Kuhn refers to this stage a s  crisis. C ~ i s i s  pr*t\cil~it.utt~s 

\ 

innovation by "loosening the rules of normal puzzle-solving in ways that ult im:tttbl!* pcrrnll 

a new paradigm to emerge."li (Not to push the analogy too' f ~ ,  i t  might 1 ) i b  sukl t h~ i t  t hc . . 

, scientific community turns up enough different pieces to b e ~ i n  t.o qut~stion whither thcri* 

might not be a n  entire new puzzle mixed into the mass of' ~)rol)lems.). 

Attempts to resolve the crisis within the normal science paradigm will givi* way  tr) " . 

more and more divergent articulations, to questioning and searching fiw thib undidying 

rules or assumptions of the solved-problem set and ultimatkbly -- in thcb gt*ncrat.ion 01'  ncw 

d e n s ,  new observations and theories permitted by the instability of' thin 0111 ,~a~'itfliam. 

Thr.oughout, the accept.ance of' new or divergent prahlems solutions hits t,r*c.n achic~vt.(J in i t  / 
sustained process o& negotiation with t h e  old paradigm and the communll y cr.c*alcd around 

" \ 

it, from which it was created. When the new knowledge is cev~ified, a rwolution I ~ t s  

occurred. 

additional ot)jects or concepts. it t~.vnsf'orms the way in which scicnw is conduckcl and I . 1 ~ 1  

characterisitics of the phenomena on which it is articulated. Two opposing paradigms - -  or 

rather, scientific activity before and after a revolutionary change -- cannot be compared: 



they are  incommensurable because of the displacement of the conceptual network which 

s t r u c t ~ r e s  and guides what counts as science. 
- 0 

Contingent beliefs 

Within this formulation of the revolutionary nature of change in science, Kuhn 

. "sifts his analysis away from the cognitive functions of paradigms to their normative 
* .  

functions in the scientific community. If science is the practice of knowledge production of a 

special community, paradigms must guide practitioners. Kuhn, in examining science under 

tr.nnsfi)rmation, investigates the constituent and structuring beliefs of science. Although 

Kuhn is usually regarded a s  taking a functionalist approach in his analysis, the . 

investigation of' how paradigms a re  accepted, maintained, opposed, and certified based on 
d 

tht* opportunity provided by the rupture of normal science by revolution is verj7 

ethnomethodological. Revolutions a re  extended incongruity procedures, in which the tacit 

and contingent underpinnings of belief a r e  revealed. 
4 

Revolutions in science a re  not fully reducible to a reinterpretation of individual and 

srahlc data: they are equivalent to the gestalt shifts of perceptual theory or the changing 

ol' epist.cmcs. The new knowledge generated or progress in problem solving is in large part  

due to the s~vxessful exploitation of perceptual possibilities made available by this 

paradigm shift. 1n;prpretive enterprise can only elaborate the congruous or incongrouous 
I 

* rnnt.crid offwed in u p&ndigm, not change or transform it, When a paradigm shifts, all its 
. , .  

' I 

t xwu  rws twcome indexed to a different universe. 

\ 

'I'he ~ ~ ~ v o l u t i o n a r y  nature of' science is disguised 01- made invisible by the paradigm- 

dirwtcd history or. authority in normal science that institutionalizes its knowledge nS 

cumulative, pro truth. The instutionalization or transmission of 

l/d 
paradigms is pattern of science.kThe transmission 

Y 

of the culture through written in texts is itself paradigmatic of science, 
\ 



establishing the "knowledge-meated relationship bet,w&n the scientist 
0 

i becoming "pedagogic vehicles for the perpetuation of normat science."w 

c% Verification or evaluation and certification problems of scientific 

and nature" and 

thus suppressed by the authoritive nature of the mode of trans'mission of scientific cdturc.  

Sefious questioning, or aitempts to reveal how what is $one accounts for the reliability of 

th'e, knowledge obtained by a method 'irise only during times of c ~ i s i s  and r c v o l i ~ t i o n . ~ ~  111 
> ' 

those times, the criteria or normative rules that a re  usuully tacit appear ns ~tllegiencc or 

belief is transferred from the old paradigm tc) the new. In 11;s scnse, paradigms mi\, tw 

said to introduce ideology into scientific knowledge. 

'\ 

Neither p~.obablistic verification theori;?~ nor Poppcvian fhlsific:ition tests can 

adequ~ately jus t ih  acceptance or rejection of ;l paradigm change. P1-obul)ili1,v vcrilic;~t,~on 
I 

compares systems, choosing one that matches t.he evidence host. 13111 t h t ~  nature ol' 

paradigms is such that they are  incommensur?ble: the nature of' evidence, what 

constitutes evid66ce. is itself changed, and thcre can bil no  neutral grountfn on which to 
7 

compare. Normal science precludes Poppcrian fhlsification procedures liw much t.hc1 same 

reason -- normal science identifies anomalies a s  focii of' f ' u t t h t ~  in9estigation and 
* 

articulation, not a s  tests of truth: *?, 
J . 

The nature of' the transfer between paradigms is a "conversion e x  

accomplished all a t  once, wholesale. Because of the incommt~nsu~.at~lc. nature of' the* two 

paradigms, the only possible mode is a comp1t.t.e quan urn Icap. Ycr certain ('act.ot.s, Kuhti 

d holds. can influence 01. trigger the conversion. and opcrale to contlnuc the confirrnallon of' 

Kuhn finds the relations of scientificrbclieI'. 
- 

First among the factors is efficacy. New paradigm6 enable the solution of' 

anomalies, the crisis-producing problems. An improved quantitative precision or accuracy 
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, 

is a ~econd+factor. This capability allows more rapid progress to normalization: greater ' 

articulation of' theory and fact, excluding areas where ambiguity and anomaly might 

* 

penetrate. Increased predictive power is also critical to acceptance, confirming the 
* 

instrumental nature of the$nception of scien its practitio ers.  esthetic appeals a re  P 
"so;netimes decisive" in 'compelling belief: an  *elegance or simplicity of explanatory power 

I is considered a gr b indicator of efficacy and correspondence with t h e  physical world. 

Finally, decisions to accept or certify a paradigm are infIuenced "less on past 

achievement than on future promise": 

The man who embraces a new paradigm a t  an early &age must often do so 
in defiance oT the evidence provided by problen1-solving. He must, that  is, 
have faith that the new paradigm will succeed with the many large 
p~.oblems that confront it, knowing only that the older paradigm has failed 2 

with a few.. A decision of that kind eag only be made on faith.2" 

. - Disappointing though this might appear a t  first, a Kuhn does not mean by it that 

paradigms we adopted through some mix of pragmatic improvements triggered, or 

dct.v~.rnincd i.n the last. instance by a "mystical aesthetic." He intends more, I suggest, that 

i n  the hbsense of convincing criteria or reason -- indeed, in the impossibility of establishing 

those critenn -- i t  is more the "increasing shift in the distribution of ~rof'essional 

;dlcpi;inces" that wosks the change, and that what creates a collective shift has some 

origin in t hi* s o c d  nature of science. 

Thus the organization and activity of science come to turn on an  "apparently 

;~t~t)itr;ir?. elrment compounded of personal and historical accident." This element can be 

the* pc~r~idigm. posited by Kuhn as a construct of'socially contingent. conseilsual knowledge. 

11s f v ~ t  ~ i se s  ~ncludv an autonomous belief system. created largely by the authurimrian 

modcbs of' communication in the form of cult.usal transmission by model rather than by 

processes in education, and a systematic suppression or obscuring of the d y n m i c s o f  

. change. This movement of authority is not only a characteristic of science, but can be . 

taken as an analytic description of ideology and the project of science popularization. 



After Kuhn 

Kuhn created something of n revolution himself in the relations d a c y w  ntd 
i' 

society with the  publication of The Strtrctrm ofScicxtifir Hc~wlrrtions. A new peneration of 

sociologists have turned analysis on the  content of science, i t s  cognitiw substance nnd 

procedures, and the  sustaining or changing criteria of belief." 
iD 

Knorr-Cetina and Mulkay split the  current work in the sociology of' sckncc into two 

&ncipal lines of argument.  post-Kuhn: arguments  following on u n d t * ~ - d r t r ~ . m ~ n ; i t ~ o ~ ~  oI. 

theory by evidence; and arguments  based on the theory-ladennt,sh ol'obsc~l.vation.'.' 

Underdetermination from evidence turns  on t h  following ~)l,inc.il~lcb: If' t & ~  t~Ii t*or~~.~s 

have exactly the  s a m e  deductive observutional consequtbnc.es, t.hen any es\)crilnc*t~t:il 

evidence for or agqinst one of them is evidence of the salncl fi)lw f h  or ag;tinst h ot I N Y .  

As philosopher of science Richard N .  Boyd has  framed ~ t :  

[Gliven a n y  theory which contains non-obse~~va t . io~ i~I  tcvtns a i d  15 

consistent, it is a lways pospible to produce a l t e r n a t i ~ ~  thcories which sh;ilx. 
with the  original theory exactly the  s a m e  set of ohsei.vationaI conscqucnu1h, 
and which advance w h a t  a r e  clearly incompatit)le causal trxp1;:na~iotls at 
the  theoretical level for those observational predic~ions. Since thew t.hc~orrc*h 
all have the  s a m e  obsel.vational consequences [and  comparable dcy~:c*t.s 01' 
"simplicity "I. and since experimental clvidence for or against :I sc.ic*ntific. 
theory arises from the success or  failure of one of its ot~sibr.vatroni~l 
pr-edictions .... choice between one or the  other of' thesca thtwrics cannot JJI~, a 

mat ter  of experimental evidence. Two such theories would Iw N ~ U ~ I . V  
confirmed or disconfirmed by a n y  possible yxpcrimcntal twidtwce, :~ntJ thus 
-- since they also off'er incompatible accounts of' thc. causal ~.c*lations 
between theoretical entities -- it. i:, impossible that wl1 should 
have ... experimental evidence for a n y  particular account of' lhc. c.a~~s:rl 
r~elations hetween unobser-vat~ltl enti~ies.'" 

Curren't sociology of' science moves into the logical vacuum c.l.caltd such :inLI. 

r.ealist arguments  in science UJ suggest that  social I'ac~01.s condition tht. c.horc.t. and 

acceptance of scientific theory and play a n  important role rn thv p r w l u c ~ ~ o n  of' sc.wnttfic. 
-.. 

knowledge. 



On the theory-ladenness of observation, argument suggests that theories a r e  
, * 

inkrtwined with the facts about any  subjeet mat ter  under observation. N. R. Hanson h a s  
..= 

glvun t h ~  argument its classic formulation in Putterns of Discovery: 

Fundumen~a l  physics is primarily a search for intelligibility -- it is 
philosophy of matter .  Only secondarily is it a search for objects and facts 
(though the two endeavors a r e  as hand in glove) .... It is import&t to realize, 
however, that  sorting out  differences about data, evidence, observation, 
may require more than simply gesturing at observable objects. I t  m a y  
require i t  comprehensive reappraisal of one's subject m a t  ter.... There  is a 
sense, then, in which seeing'is a "theory-laden" undertaking. Observation 
of' x is shaped by prior knowledge of x....*j 

Observation is not the unembroidered evidence of the  senses, enhanced by 

fiophisticuted instrumentation. Observation is a n  active process, in which the  observer 

"crcatc~s and responds to a d.vnami(; sequence of clues,"xJ and involves categorization 

according t ~ )  p~.econceived concepts. I 

'I'hcb v t y v  critrr.ia of what constitutes a d q u a $  observation varies according to 

inr tqwet ivt~ and  social context. Observations involve a~xil1ial.y hvpotheses tha t  establish 

thc sign~licanct~ of' measurement,  classification, and what constitutes adequate 

ol)servut~onll; evidence. A s  Knorr-Cetina and Mulkay have framed it: 

P 

I f  scienr.ific oI~st~rv;it.ion.ss a re  ridden with theoretical assumptions. then 
scitwt.isLs can in principle always doubt a par.ticular observation ' by 
c.h;dltwging the auxilliary assumptions upon which it is based. As some 
hist.or.ians and sociologists of science have documented. wha t  counts as a 
proper observation is indeed a t  s t ake  in many scier)tific arguments  .... What  
h e i ~ ~ . ; ~ ~  the evidence is thought ,to have on a theory depends on i t s  being 
acci@ed its valid information, which in turn  depends on the unproblematic 
acctbpt.anc.c> of tht. background assumptions which a r e  constitutive of the  

P o b ~ t w a t i o n ~ ~ . ~ ' ;  

II  

O t h t ~  of tl;c.cent r;il assumptions in thtb taken-fi)r-pant.c.d view of science have 

comib undtv invcstig:\tion ;is the new field of' sociology of scientific knowledge opened by 

Kuhn h;\s bet.11 cxj)mdt.d and explored. 

I 

The principle of the uniformity of nature. the  unvarying reality t h a t  science 

discovers unproblematically, is more appropriately understood as a n  accounting device, 
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according to the constructivist a n a l v s ~ s  fo~wul-ded by h l t ~ l k a ~ . ? ~  TThc p ~ u ~ r i p l c  1s 

critiqued as dependent on theoreticat frameworks. T h r  mtuning of litcts is in thtvr loratton " 

within these structures of concepts and propos~tions. and as such. w c  ~ i l so  "thi~o~-!*ladcw" 
ip 

and subject to change as the  analytic fi-amework In which ththy ~t~ crnl)cddtd changt's. 
J 

Scientific knowledgt) claims art. assessed for their rapacit!. to m w t  tlw 

requirements of a particular inkrpret.ivc contest., which g c w t w l l ~ ,  tScyuircs c.ctn,.ilstablrc, 

with other knowledge claims and conformit.y with conventional st.;~nd;wds ol' ;~tlcyu;tc.). 

-- .. 

Although certain broad conceptions have twcn itlthnti(icd 11) t l ~ h  I~ / r i loso~~hi r . ;~ l  
literature us common bases for accelpting 01.  ~x.jcvt.ing c l ; ~ i ~ n s .  t l r c ~ s c ~  
conceptions a r e  necessarily interpreted by scitbnt ists in t.cBrms of' I K I I . I I ~ ' I I ~ ; I I .  

theoretical ideas and spx i f i c  analytic 1.t*l)t*1.toit.~s....:21\y s~griifir.;~nt ( - I : I I I T I  15 , 

likely to entail some revision of' c u l w n t  criteria of' dec(u:tc.?., as wc.ll ;15 

implying that  the established corpus of knowledgcb is inirtlc~cju;\t.c. in S ~ I Y I I ~  

wily: Consequently, the assessment of' such claims wit.h~n ;I I I ~ S ~ Y ~ I ~ I  

specialty tends to occur ~ d a t i v c l y  slowly, and is of'tcn c.h;t~.;lctt*i . izc~cl~I~~ ;t 

marked opposition, a s  members explorx* the irnpGirations of' t . l~i :  claim. ' I ' l l 1 8  

process of' assessment is, ther~ef'o~.i~, also u process of' ~ ~ e ~ n t c ~ ~ p r ~ c t t ~ t i o ~ ~ . ~ ' ~ ~  

N o  fur the^ a lguments  will be advanced In an  a twmpl  t i )  wrar  I J . I ~ I  ttrc. s o c ~ ~ o l o p ~ c ~ l  

lnterpretatlon of sclence. The work of current  phllosphv and soctology of sc1c.nc.c. st?g~c.sts, 

if nothing else, t h a t  the  positivist representation of science and its p r d u c t ,  scicntrfic 



knowlcdgc, 3s unconditioned by social factors:is not unquestionable. The  strong -- and near 

chxclusive -- preference given the  positivist interpretation of science in popularizing - 

l iccount~ coupled with the supression of a n y  contradictions or  alternatives to this 

- 
irikrpretation can,  1 suggest, be regarded as ideohgical, and as p a r t  of the struggle to 

maintain a ruItur.nl authority as a requisite to enjoying power over resources. 

\ 

The next step in this investigation will a t tempt  to operationa4ize a number of 

ctmcepts with which an  analysis of science popularizing texts might be able to discover 

such ideological condit,ioninp. 

a,. 
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CHAPTER THREE: 

DISCURSIVE STRATEGIES 

Some circtrmstnntinl evidc3nc.e is oeqV strong. i ts  w h c n  you find n tnlrrt ln thv 
milk:' - "  

-Henry David T h o ~ x ~ i u .  
J o u r n d ,  Novi tmkr  1 1. 18:)-1. 

Science popularization in the media accomplishes its l.oltb in the ~ ~ H C O I I I ' N ~ '  

establishing, maintaining and restoring a u t h o n ~  in scre11c.c~ t t i ~  ough two ~notlth:. 01' 

communication: persuasive and cont~~olling. 

The persuasive mode of' science popularization ciin I)c a ~ i a l y ~ . ~ l  as I . I N ~ ~ A ~ I . K . , I I  I I I  t I I ( .  

classic sense a s  defined by Aristotle: 

The duty ol' rhetoric is to deal wit.h such mattPrs a s  weh dc*lit)cratk ul)orl 
without a r t s  or sys tems tu guide us, in the hearing of ptvsons who cannot 
take in a t  a glance a complicated argument,  or fdlow ;I long chain of' 

reasoning. The subjects of our deliberation a r c  such ns  scvm 111 prcwnt 11s , 

with alternative possibilities: about things that could not have hi-c.11. i11111 

cannot now or in the  futurcb be other than they arch, not~o(fy who r ~ l k t ~ s  them 
to be of this na tu re  wastes his t ime in deliberrrt.ion. 

Rhetoric is in this  sense a practical ac~ iv i tv ,  in tha t  it helps wmplctt.  h u t n m  

judgments about questions of practical choice and conduct, guiding dchlibiWlc* a c l ~ o n  

Rhetoric functions Lti l i ) ~ m u l a t e  the best possible arpurncrkks on cithcv sdc. of'c(uc~stir,r,s of 

,.. 

practical import t,hrtt r r e  contested. t h a t  cannot bp solved hecn~isc there is nn cert.aln 

knowtedgth srr-ving a s  a ~.CSOUI.CY. The  question of' trust and authot'tty ttt sctcm-r., and tht. 

whole of' the public understanding of science, I would suggest, f d l  ink) thc* domain of 

rheturic in this sense. But the  present  rhetorical practices of' science popularization, a h  I 
. 

will al;tempt to demenstra te ,  a r e  not virtuous. 



Thc rhetorical practices of science populwizatton a re  akin to advertising. Science 

and ncisntish are invested with values and meanings t h ~ k g k _  ~ h e t e ~ i e  to prtMktee an 

extended and more powerful dimension of persuasive discourse.~The rhetorical function of 
' 

science popularization is to create and manipulate relations of authority and trust. 

The controlling mode of communication works more directly inlanguage to 

t~xnsform and shape meaning, attempting to enforce a preferred interpretation. This 

concept is drawn from the work of linguist M.A.K. H a l l i d a ~ , ~  and the analysis that 

grounded itself in his linguistic theories known a s  "critical linguistics." Halliday posited 

that Ianguagc developed in response to specific communication needs. These needs a re  

socrd, and typically involve the control of subordinate groups by dominant groups. 

'l'hcr.efo~.e. t h l w  relaled propositons inform the methodology of critical linguistics: 

Ian~u;tgc~ is ideological; discourse expresses social relations; and discourse constitutes social 

~.clatio~;s. Charactt'ristica1Iy. those relations a re  ones of power and control: 

Power differential provides the underlying semantic' for the systems of 
ideas encoded in language structure .... Language variations reflect, and 
what IS mow, act~vely express the st~.uctu~.ed social differences which give 
rise to them:j 

= 3 

l ' h ~ s e  two approaches will be optvationalized and used to charactkrize a selection of 



Part one: The knowledgeable guide 

"Rhetoric is the cottnterpcrrt of  Vicili*c.tic. " 
-Aristotle. Rhctoric 

The  duty of rhetoric is "to deal with such rnrltttw as we dcliberdti~ upon withotrt 

arts or  sys tems to guide us" for a n  audience that  has  no special.knowledge ~ ~ s o i t ~ . r c ~  on 

which to draw: This proper use of  rhetolic in appropriatc~ contcst col-t.csponds c.lost~l~- w ~ t  11 

one of the commonly accepted purposes of popular sc.lcnce communlriitlon. 

Aristotle defined i.hetol-icill stitdy as the "faculty of'otsc*lving in any givc~t c;tsc. ~ h t t  

available means  of' p e r ~ u a s i o n . " ~  He idtbntified t.h~vc* divisions of' ~.hctorlc, nncl rIla~~ac.t.t~~~i~,c*(f - 
the means  of' persuasion appropriate to each.  Political or dc~li\wi.nt.ivc~ d~sc.ou~.sc IS irsctl 1)y 

legislative assemblies to decide a future course of action. F'olxwsic o r  Icg~iI disc~)u~.sc. is uscvl 

in law courts in arguments  over the nature  and causes of' 1);tst evtbnts. I:pidtkt~c. ~ I S C ' O U I . H ( ~ ,  

Epideictic discourse praises or c c * n s u ~ ~ s  in ceremonial ,cieclamations that wnlirtn : i d  

solidif'?; the values of its audience. The present iiccount will not p~'ovitlc. details of' 1 I 1 t b  

a rguments  and styles of' the  three divisions of discourse. hut instcb~~d will li)cus onlj, 0 1 )  

those elements apprx3pr.iat.e to popular science communications. 

Fafinestock has  used rheloric;ll methodology t r )  cxamirw t ht: "accornrnod~ltiott" of' 
\ .  

scientific fact to diff'erknt audienccas as i t  passes from scichntific ;rrt~clc.s ,tnd r,c*l,ot.ts t i ,  

s tar t ing point. 

Original stientific reports a r e  forensic diwourse, according to Fahnwtock, 

principally concerned with establishing the validity of observations and  arguing the 



i 
significance of past fact. Popular science communication, what F h n e s t o c  'R calls 

"accommodations," shift rhetorical penre gnd are "overwhehmingly qndekb~ their main 

purpose is to celebrate rather than validateN6 '3 u 

As Ariswtle noted, rhetoric is esstentially a public, practical activity, and as such 

cannot exploit special repertoires of knowledge: 

Moreover, before some audiences not even the possession of the exactest 
knowledge will make it easy for what we say to produce conviction. For 
argumcni based on knowledge implies instruction, and there are  people 
whom one cannot instruct. Here then; we must use, a s  our modes of 
persuasion and argument, notions posseGed by everybody ....7 

Fahnestock suggests that science accommodations have only two basic appeals to 

~n;tkcl to clvervday notions: appeals to "wonder" or "application". Appeals to wonder 

c.ol.wspond to di-ontological argument in ethics, in which something is praised 01- excoriated 

iipplirution rorrespund to teleological a r p m e n t s  that claim something. has  value because it 

I c ~ ; L ~ s  to furt hi81. benefits. 

111 hcr  comparison of a number of original scientific reports with the 

.~ccornlr.odatn I)opular texts, Fahnestock suggests that science accommodations rely 

htlitvilj. o n  t.ht.. wonder appeal. Accommodat.ions "emphasize the uniqueness. r.arit.y," and 

"origin:dity of observations."~ This j~ a classical feature of epideictlc appeal, that "a thing 

is gw;itCr when i t  is harder 01- rarer than other things." A rhetorical value is thus attached 
n 

1 4 )  scitwtific knowledge through- rcp1.6srntinp it a s  unique 01. original -- a s  discovery. 
3 

Although this is cet.tairlly a Ikutme of t!w coverage of science in the media, I would suggest 
. . 6 

t h r r  i t  is rno1.t. thca ~)~x)d i~qt  of+ t h t b  1'11e1.01.ic:d i.t*quiremenis of the media gtw1.e -- an appeal 

to tlw topical, novcl. 01. original as  values that ntvd to be attached.k) "news". 
? 1 

Mow interesting is her assertion that accommodations attach positive values by 

associating more ceruinty to srient,ific data or observations than in the original accounts: 



In the space limitations of a short notice in a magazine of p u p u l a ~ k d  _ 
science, there is no room for the qualifications s more knowledgc\ublc 
apdience weuld demand, qttstifieations that show the author% nwarenws of 
th% criticism and refutation that an  expert audience could raise against his 
inferences .... When qualifications a re  omitted, the resuii is greater certuint y 
for the remaining claims. These omissions once again serve the 
accommodator's epideictic purpose, for only certainty can be the subject of 
pdnegpric. To address the public on these subjects requires claiming their 
significance, and there is simply no way to address the public with the 
significance of findings that are  so carefully hedged their reality seems 
que~ t ionab le .~  

This particular rhetorical manoeuver will be annlysrd in d e t A  in ;k following 

section, using the methodology of critical linguistics to support an interp~.ctltt,ion that s w h  

a transformation does more than simply assert  certainty in o~*dcr  tt) praise. 

In the present analysis, I will make use of ~.hetorical cuteporit\s end styltbs t o  

examine some very specific features of popular texts to discover whpt.hc!r t.hc pcrsunsiot~ 
9 

attaches a different set  of values, and to suggest the sipnificancc of' ! h ~ s  niodtb oI' 

communication in-science popularization. 

The rhetorical character of ~cientintw 
d 

Robert K. Merton's landmark work on thc ethos of scicbncc - -  "t.I~at ~~fic . t ivi*ly t.or~ivJ 

complex of values and norms which is held to he binding on the man ol'scicncc~""' -- was 

written in 1942. In the context of the global war then consuming humanity, this s t r ~ ~ g p l i ~  

over the ideology of science seemed of critical strategic importance. 

The development of science, a s  Merton's earlitlr intcr.r.ogat.ion of' h~sk)ry  hid shown, 

had been spurred Lo its modern state from the conjunction ol' the "sumcj cornmunitv of' 

3 assumptions" in Protestanism, capitalism and sciencc* in the scwcnrccnth wntury.  11 

appeared to Merton (and many of his contemporaries in the scientific., political, and 

economic communities) that science was again on the hinge ofhi7tory. A similarly 

successful conjoining of fascism and science in a mandate of global domination was a 

present and terrifying prospect. Science, too, was under attack. And in this breaching of 



the boundaries of science and social olader, scientists had come to "recognizt3 their 

dependence on particular types of social s t r ~ c t u r e . " ~ '  
\ 

Three centuries ago, when the institution of science could claim little 
independent warrant for social-support, natural philosophers were likewise 
lid to justify science as a means to the clrlturally validated ends of economic 
utility and the glorification of God. The pursuit of science was then no self- 
evident value. With tge unending flow of achievement, however, the " 

instrumental was transformed into the terminal, the means into the end. 
,Thus fortified, the scientist came to regard himself as independent of 
society and to consider science as a self-validating enterprise which was  in 
society but not of it. A frontal assult on the autonomy of science was 
required to convert this sanguine isolationism into realistic participation in 

' thr~ revolutionary conflict of cultures. " 

nut that dependence was mutual: "sciehce is afforded opportunity for development 

- In a democratic ovdel which is integrated with the ethos of science."13 Thus the ethos of 
C 

science is an ideologic~lly framed formulation of science, put forward a t  the time of crisis 

f i l l .  twth democracy and science. As such, it provides an excellent set of operational 

cutcpcwics with .which to conduct a rhetorical analysis of opular science communication Jk 

The institutionniized goal of science is the extensiod of certified knowledge. ' 

The technical methods employed toward this end provide the relevant 
definition of knowledg~  empirically confirmed and logically consistent 
statements of ~.egularities (which are, in effect, predictions). The 
~nstitutional imperatives (mores) derive from the goal and the methods. The 
entire structure of technichl and moral norms implements the final 
ob.iective. The technical norm of empirical evidence, adequate and reliable, 
1s ;I prerequisite for sustained true prediction; the technical norm of logical 
consistency, a prerequisite for systematic and valid prediction. The mores 
of science possess a rnethodologic rationale but they a re  binding, not only 
because they a re  p1.ocedural1-y efficient, but because they a re  believed right 
and good. They are  moral a s  well a s  technical p~-escriptions.'" 

The ethos of sciewtb thus defined has four constituent fields: universalism. 

communism. disinlt.rwtrdness. and organized skepticism. 

~Iniversalism: "The circumstance that scientifically verified formulat ions~efer  in 

that specific sense to objective sequences and correlations militates against all efforts k) 

Impose particulliristic criteria of validity." This characteristic institutional feature OF- G- 



science certifies only those truth-clai ave  been "subjected tx) prtwstublishej 

impersonal criteria," and  are conformable with esistinp certified knowledge. "Objectivity 
= 

precludes particularism," and  knowledge claims a r e  accepted or  ~-ttjwted independwtly of 

a n i  personal o r  social at tr ibutes of their claimant -- including r w c .  cluss, i.eligion, ut.c. -', 
Democracy, too, includes a n  ethos of univer.salism us a dominant guiding principle - 

- "[h]owever inadequately i t  m a y  be put  into practice ...."-- because impersonul criteria oI' 

aceornplishment and not fixed class or economic s ta tus  a r e  chatxctei~istic of open 

democratic 3ocieties. Full democratization is achieved t h h u g h  thv pi-ogtvsuiye el~m~n;\twrr 

of such obstacles to the fullest possible development and esercise of socially vidued - 

capacities, just as certified scientific knowledge is nchicved thi.ouph the* pwgrcssivc 

elimination of' any subjective, particula~izcd elements. 

Communism: Merton means,  of COLIIW, " t h ~ ~  nontech ical and c~stc~ndcd sc*~\sc* of G 
common ownership," in which knowledge, the  pr~oduct oS scientific labour, is considtwd t hv 

product of' social collaboration and remains a "common heritapc in which Lhc chq11it.y 01' I h t ~  
t 

individual producer is severely lirhited." The reward system of science (which Mc!r-tirn w m t  

on to examine in some detail) escha p e s ~ ~ w o g n i t i o n  and esteem in d o p c v  10 lhc. P 
significance of the knowledge contribukd for the product of individual scientific I r t t ~ o u ~ .  

Three char-ac@~-,istic "traits" of' scient.ifi,c communism a1.c oS ~ ) a t t i c u I a ~ ~  inh:r~'st.. 'l'hc' 

first is a concern with scientific priority or discovcry, that comes I'ieorn the intilitutiond 

emphasis on ~wxjgnition and peer esteem 3s thta "sole pl.opcrt.y right." This etnphatiis 

produce's n form of competition --"competitive. cooper.a~ion" --- in which thc: ~ ) t ~ o d u c . ~ s  ir tx: 

communalized. but the rewatds  accrue to individual pt~oduccrs. Thcr.ih is also an 

"imperative for communication of findings. S c ~ e c y  is the  an~i thvs j s  of th i s  norm; full ;IIIO 

open communication its enactment." The communal nature  of' the scientific e n t q w i w  

provides a pressure fbr dissemination, and the  ethos reinforces it with the  incentive* of 

L 
recognition t h a t  can only come from publication for approval by the  community at large. . 

- .  



'? 

recognition of' the essentially cooperative and selectively cumulative quality of scientific 
? 

2chievt.mesi.' ;" 

L)isinterestedness: Disinterestedness is supported by a complex $of institutional 

controls on "a wide range of motives which characterize the behaviour of ~ci~entists." The 
!3 

prime control is ;I peer accountability deriving from the public and testable requirement of , 

scientific knowledge. 

Organized skepticism: Both n methodological and an  institutional mandate, 

organized skepticism requires the suspension of judgment in order that  beliefs, phenomena , 

1)s sc~.utinizid in terms of logical and empirical criteria. "The scientific investigator does 

not pr.tSselve the cleavage between the sacred and the profane, between that which 

~ x y u i w s  unc~i t icd  respect and that which can be objectively ana ly~&d. ." '~  
' ,4 

. . 
The ideal citizen 

2 Ywon mahi cogently observes that in the formulation reflected by Merton, ,, 

sclcncc hits hec'n appropriated a s  a symbol of' the ideal culture of politics in liberal- 
> 

democratic society. exerting a cultul~al force a s  n "simpler exemplification of the principles 

of d ~ s c o u ~ w  In which open criticism and diverse positions a re  resolved in authoritative 

consensus...."'8 As John Dewey had put it in a contemporary study, Freedom and Culture, 

1 .  - ' I ' Il'jhe operatioy of cooperative intelligence a s  displayed in science is a 
wh19iinp model --of t.he union of freedom and authority [relevant to the 
politiwl. economic and moral spheres] .... The very future of demcicracy is 
.attied ,,with th; s ~ s a d  of the scientific at.titude..>t is the only assurance of R, the possibility 0 1  :I p b l i r  opinion inielligent enough to meet piesent+socinl 
yl.c!blcbms. 1'' 

a 

In the e radition in science, begun with the Enlightenment and continuing 
I 

in dominance. wuth &ts on t i e  accumulated "testihoniesw of observation, rather than on 



the inferenses of classical sciencc in mathematics. The e>;pe~.i~nc.nt;ll s c i c ~ w ~ s ' i i p p t u r  ;ib :it\ 
* i 

intersubjective s t a n d a J s  rests  u p m  tho coordination of indi,+iuitl ronkbtkiona." And the 
P 

1 
communal, aGd disinterested norms of scie*cr identified by Mvrton nf1c1.s. in thth s r~cn t t s t .  

.' ; 

a model of the  liberal-democratic citizen: "a public-wgwd~ng e~dividuul with a n  t-spl~ctt 
b 

moral commitment to publlc ~ a l u e s : " ~ '  

tl i. 

The evolution of scientific constructions of tx<;~tit.v from i mulr ipl i r~t \  of' . 
mutually corroborative and con-ective individual tcstlmonic;~ and thc 
certification of empirical t ru ths  thtlough imprrson;il technical discourst.. 
teamwork and cbrnparisons. have made the empit.iral tt.adition in stitwc. :I 

cultural model particularly relevant to the t a s k  of b d m c ~ n g  t h t ~  ~ n d t v d u i ~ l  
and t.he public realms in libe~al-democ~.atic politics." 

unaccountnble authority in Church and S ta te  in tlw scvc~ntccnth ccSntut.j.. s c . l c ~ ~ ~ ~  liirh 

preferences, and  permission^,"^^ a r e  the literal embodiment of scicvw in the conduc+t of 

! 
the scientist. thus  fashioning his scientific cttnscicncc ....It&: Awl in the fw i tc~ :ss .  t.ht. t a t l t c t t ;  

demonstra t~on of virtue worthy of the term r.hetor'i~>$ 



of' t e x h  of' popular science communication in the following chapel., 
V 

thrd r cprcncn~tton of scientjsh will be examined for the rhetorical attachment of the 

vrt1uc.s of the ethos of' scwncc. If it can he demonstrated that popular science A &  

wmmun~cation makes use of this form of epideictic argument, grounds will also have been 

rnadc'lbr an inkrpr-~tatlon of popular science communication as an ideowcal  appeal w 

~ h c .  vaiucs of duthorlty. 



Part two:  ent troll in^ meaning 

In addition to a pel-smsive mode ol' commitnication th;\t can be upp~.o ir ihd itst111: . f 
the  techniques of 1.hetorical analysis. populal. scienw cornmunrcarion has iinothcv 

alternatives and closing off the possib1i:i~s of' analysis. thus si t lm~.dit i :r t i~~ thc postt.ion 01' 

the  inte~pr-eting sitb.iect. 

The presense of,a contr-ctlling mttdt. in p ~ p u l a t  srtt.nctt comlntrnrc..rt 1011 tn+y IN.. 111 

have become, increasingly alienated ,f'l.orn thc nonscic~ntific. culture. 'l ' l~c. i n c ~ ~ c ~ r s ~ r ~ ~  

War  have caused tht. scientific communrty and thcb i n ~ ~ ~ e s t s  closc~ly ~ t l l ~ e d  to t h t w  t o  sc l i t l  (-11 

eff'ective.,and more predictable than persuasion. 

This positidn is s imila~.  to the "e~~codingldecoding" modc4 of' com~ntrnicat.~or~ 

developed by David Morley and others,"' which suggests that the ~ ~ r ~ o d i r c t ~ o n  of' rnc .~ l t~ i r~~f ' t~ l  

messages is always "p~wblematic 'wo14i'. The same event can be cncodwf In r7torr t h t t  orlc. 

way." Messages may proposc a n d  pi-efer certain readrngs, t~ut mclttling c:tn nt*vt*r br 

completely c o h t r ~ l l e d . ~ W ~ e a n i n g  is generated in the "complex articulations of' class, 

ideology and  power, where social structures a r e  conceived as also the social f'oundntitms of 
S 

language, cmsciousness and meaning." An  analysis of meaning must incorporate a n  
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Jatcount of the contextual or situational social conditions that generate different cultural 
. 

and ideological competen~ies .~ '~  Messages can te encoded one way and read another, 

according to the cultursl/ideological competency and specific context. 
d 

[Tlhc communicative form and structure. of the encoded message can be 
a n a l y s d  in kkms of 1t.s preferred reading: the mechanisms which prefer 
one, dkmrnant reading over the other readings; the means Ghich the 
encoder uses to try to win the assent of the audience to his particular 
reading of the message. Special attention can be given ...to the control 

%- exercised over meaning, and to 'points of identification' within the message 
which ~ r ins rn i t  the preftrred reading to the audience.27 

* 

.& MorIi~y's work has tended to concentrate on creating ethnographies of audiences, 

dl a w n g  thc ' l g ~ l t ~ ~ . ; l l  map" show~ng the "varlous culeural repertoires and symbolic 
5 

~xw)ur'ct~s avai1al)le IAJ difl'ei~ntly ,placed subg~.oups" within and audience. Interpretation 

meaning follows f'rorn' rather reconst~wtions of messages through fieldwork 

involvin~ intensive and divectad audience inkrvicws. 

, P 1  

This element of thtsencoding/decoding methodology. although appropriate within 

thc thcwctical scope of this Zhesis, is not undertaken here. The focus of the analysis in this 

thesis will remain with the construction of meaning in popular science communication a s  it ' 

is cncotlid in ii controlling, preftrlx~d mode by producers. The vast amount of audience 

rcscal.ch done over the lus? : { O   yea^ by thtl initiating communicators -- by the National 
b 

Associiition of Scienct* Writers, in the Scicwtv Intlicc~tors project, and on behalf of the 

Arnprican Association for the Advancement of' Science by Jon D. Miller and others -- 

suflices ~ A J  document the dominance of the decodtbd preferred meaning made by the 

Ikrthc~r. malysis of the ideological positioning encoded in popular science 

communication will be forwarded by csamining the patterns of relations bef-een fbrmal - 

1inguist.i~ f'thtures of its texts. showing their conditioning by ideological frameworks. ~ a s e d  

an the preceding arguments drawn from the sociology, history, and philosophy of science, 

the methodology of critical linguistics will be used to analyse popular science texts for 



accounts of  the production of scientific knowledge. If' these accounts can lw shown t?) 

at tempt  to control for a positivistic idealization of scientific knowlt~dpc, r r p ~ . c . s c n ~ ~ ~ g  11 a s  

unproblematic, incontrovertable, objective -- constituttd, in short. in a way that dcnrvs 111, 

conceals a n y  soc~a l  origin ohconttngency -- then t t  w~l l  be hken  to be un uucmpt to ~ O I I I I ~  

meaning for ideological rtxnsons. A partla1 esplanatwn of those rtusons has htwn ~ ~ ~ ~ w w t t d  

in the relationship between the funding cycles science and llw sa l~once giviw public' 

awareness  campaigns in effecting them. This has  btvn supy lrmenttd w ~ t  11 ;in iwwunt- ol' 

ideological usefulness of a particular view of scienct~ as  a model of' lil)e~-d-dctnoc-~.at!(. 

such s.vstems. 

a Language and ideology 

[Llangurrge. typically, is immersed in tlw ongoing l i f i b  of' ii s o c ~ c ~ t ~ ~ .  ;IS 1110 

p l x t i c a l  consciousness of that  socicty. This c o n s c i o i s ~ s s  is ~nc*vit,al)l>. ;I 

partial and false consciousness. W* can call i t  ~dc;ology, tldining 'itli*olo~s' 
a s  a svst.ematic body o f  ideas, organiztd 1'txm-t a prrrticuln~ point of' vichw. 
Ideology is thus  a subsuming catcgol.j- which includt~s sc ic~nci*~ :rntJ 
metaphysics, a s  well as political idcolo ies of' various k ~ n d s ,  w ~ t l ~ n ~ t  
implying anything about their s t a tus  and I. iabilily as guides t~ I . c ' ~ I I I ~ .  
~ a n g u a &  is a n  irrstrumenl of' control ?I s wt.lII as of' comrnunicc~tiorl. 
Linguistic f'orms allow significance to bt. ~ 3 v c . y c d  and 1.i) be clifitort~tvl. 1 1 1  

this bay hearers can IJV bot.h maniy~ula~ecl m d  infi,rrncd, ,)rc-fi*~.;il)ly 
manipulated while theby supl)osc t.he,v w c 3  being infh1.rnc4.~!~ 

-a 

Critical linguistic analysis wasilleveloped f'lurn thv Ianguagtb t.htwic*s of' M . A . K  
k " 

Halliday, who suggested t h a t  lanpuage'was\socid semiotic. 'I'rocing ;I t . h ( w e t ~  Ilnc. 

through Malinowski, Fir th,  Jakobson sand k v i - S t r a u s s ,  tlalliday const.r~uc!tl r.htb soci;rl 

sys tem as a system of meaning relations. These mcbaninp, rclationh were r~!;rlizi.~l i t 1  ; I  

multitude of ways,  but most  powerfulljl in t e rms  of mnintcntlnccb and t r ; lnsmiss io~~ of' t h e  
+ 

sys tem through encoding in language: 

Z 

The  meaning potential of 2 language, its semantic system, ih ~ t ~ o . c f i ) r t ~  hwn 
as realizing's higher sys tem of' relations, t h a t  of the social semiotic, in just 
the s a m e  way as it is itself r e a l i d  in the lexico-grammatical and 
phonological systems.  



A child who is learning his mother tongue is learning how to mean. 
As he builds up his own meaning potential in language, he  is constructing 
for htmself a social semiotic. Since language develops as the  expression of 
the  social semiotic it serves a t  the  same time as the  means  of transmitting 
it , and also of constantly modifying and reshaping it, as the child takes  
over the culture, the received system of meanings in whic! he is learning to 
share."' , 

/ 
\ 

Halliday's conceptb provided of i d e n t i f y i n p n d  

analysing idcolopical discourse for a n  interdisciplinary group of linguists, historians, 

11t~'t.ary critics, and social scientists in a n  approach they termed "critical I linguistics". 

1:ollowinp Hulliday, the critical linguists took the position that  language sewed ' 

1 
spc*cific ~ o ~ ~ i ; i l  f'unctions, and that  social relationships -- the  interpretation and evaluative 

lmsrtioning of su1)jects and ot~jects. source and addressee -- in turn  influenced language 

s~ .~ .uc . t .u~~e~  and use. nu t  social structures determine linguistic production, and the social 

rntcrwtion r h t  is encoded in language. that is language, is governed by I-ules or relatiops 

I h:it ar.eb not consciously, immchditltely available to speakers as they interact. 

All discoursc~ is socially conditioned, not only the face-to-face interactions, the 

tli:~logucs 01. spc~cdl ac ts  of individuals. Language ability is also a product. of social 

s t ~ . u t - t u ~ ~ c .  the- codification of t.ertain styles of speech.*The choice and use of styles is the 

~xt;ilization of: tht. ?&id meanings s p c a k ~ s  encode, meanings which a r e  drawn from 

spt-cific ~~tywt .oi res .  The inrquit.y of power relations and the  stuggle to maintain them with 

a limitcd oppositional struggle a re  the  principal social relations conditioning language 

cc*spi~r.i~ilf\ t h i b  public. social discourses of media, advertising, education). In this, language 

is I~ot h a cons1.it.uting and c:nfolring or I-eproducing instrument of relations of power. 
i 

hlcsning is bound up with ideology in language, and  both a r e  dkterrnined by -social 

~.~lationG. Linguistic analysis oriented towards the  social basis of language then. ought to 

be a sensitive and effective obsy-vational txml for examining the  ideological conditioning of 

language to "mediate relationships of power and contr01."~~ 
# 



The f'us of critical linguistics is not. so much on l u n j i u i ~ ~  itself. or i~$ividuul 

/ 
speech performance, but on the "social processes that makc lunguuge work in 

communication as it does."31 Because discourse is pl.oduccd and orgunlzt~d in i1 r o h t w n t  

manner .  and one that  represents the social contingencies and put.poscs o f  thcb prodirwrs 01' 

t h a t  discourse, it represents a socicrl phenomenon thrit can be analysed. The linpuistic 

sys tems  used by cri t icd linguists and some of their social corrc1:itrs artb given I d o w :  

1) the  g rammar  of tl-ansac1.ivit.y: events,  s h t c s ,  prmresses. and tht+ 
correlates of power in th r  attribution or attenuation of' ngcbncy iind C H L I S ~ ~ ;  

2 ) the  g rammar  of modality: the interpersonal 1.~1ations of spcakel. and 
hearer. and the  corl.elates of relutions of solidarity or. commctncl, ;iut.horlt\. 
and other specific social 

3)transformations: the  manipulation of basic modvls - -  sul)ntituting, dt4t*ti1lg. 
combining or reordering --- and their meaning implic:tt.ions such a s  ttw 
rendering of agen t s  or  processes as objects through nominalizst.ion 01-  

passivization t.ransformations, the~.eby rnystif:ving p ~ w c ~ s s t ~ s  01- s t ~ ~ ; t t t y ~ c - ; ' ~ l l . ~  
disgui:iing agency; 

4 )the g rammar  of classification: the linguistic, ordc~rinp or ca t tyor imt iot~  of' 
items. and their correlatrs  in the eva lua~ ion  placed on thPm or t.lrc*~r 
ideological positioning: and 

5)coherence, order and unity of' thc~ text or discoursc, cot.t'el:lt~ng w ~ t l l  ;I k l m l  
of polit.ical economy of the social ideology. 

g r a m m a r  of' reai'ity. There  a r c  thl-rle t~as ic  modcls. 

In the first model, there arc a t  least two entities, rclared 1j.y a ~)twt~ss. O t t o  canllty 

is  the cause  of t process, the o t h t . ~  is effc.ctrd by it. T h e  action is 3 
from the agentrto the effkckd.  This is the t,rmsactivtr modtd. 

In the second model. o n t  enti ty 1s r c l a k d  tr) a process. W ~ t h  or~ly  o w b  c.nlrt v.  r l  IS  

not clear whether it is a n  actor or a n  erf'ected, and the  model does not clc~arly drstinpuish 

causal  s ta tus .  This model is the  nontransactive. 



iCritical linguists a r e  careful to distinguish between transactive and nontransactive 

models, and transitive and intransitive verb forms. Transactive and nontransactive models 

dehcrih the "real" or observed nature  of event and  participant, action passing from a n  ,- 

* 

actrjr to effected, or. action restricted to one entity. Transitive and intransitive verb forms 

n o k  whether the verb may take a direct object or  not, but make no existential statements,  1 ' 

A third mudcl involves not relations of action and effect, but  simple attribution of '  

qualities or equation of entities 01, qualities. This model, with its two subcategories of ' = 

U - 

eqi~;~tivcb and a t t r i l ~ u t i v ~  is the relational. 
.- - 

'l'ht. w o ~ l d  is gvrisped thwugh language. But in its use by a speaker 
hnguagt.  is more than that. I t  is a version of the world, obered to, 
on. exacted by. someone else. The syntagmatic models offer t h e ,  
classification of an  event, in one or another of the meanings of the models. 
13ur no model can be offered directly from speaker to h e a t w .  Every 
sjPntapm (t,he lineal and s t ~ * u c t u ~ ~ d  form in which the models a p p e a l  in 
actual I l~nguagt~,use) is classified many times over, as a whole and part  by . 

,)a,.t. :i? 
k .  

Among the classific.ations performed on these sytagms a r e  those of tense -- 

indic.;iting w h t ~ t h c ~ ~ .  the utterance is true for the past, present or future -- or  modality -- 

indic:it ions of d t y r w s  of' certainty, p~.c)bability, or autho1.it.y which d speaker at taches to an 

The contexts of situation in which language is used, and the ways  in which 

h1ti1,ttlon.s v q . .  condition the selection and use of linguis~lc-elements. - "Register" is the set 

of' gcwcl.d c i ~ ~ c u m s t a n c t ~ s  m d  principlesthat determine the range within which meanings 

a1.v s tk - t . ed  ;md 1 . h ~  fot.rns which a r c  used for the ehpression of meaning. Register 

dt.sct.ilws the ct)mtnunicatntn instance in three aspects: who is speaking; who is taking 

part: and what function the  language performs. 
1 



A11 language functions in contests of situation. and is 1-clatublr to thosc . 
contexts. The  question is not what peculiarities-of vocubulrwy, ot. pr.ummur, 
or pronunciation, can be directly accounted for by ref~renct .  to the sttuution. 
I t  is which kinds of situational factor determine cvhich kinds of selectioh in 
the linguistic s y s t e q ~ .  The notion of ~ v g i s k r  is thus  ;r form of prediction: 
given t h a t  we know the situation, the  social contest of language use. wc cltn 
predict a peat deal about the Innguagr that wiH orcur. with ~~e~ason;tblc 
probability of being 

The social situation of language is st!-uctul-ed a s  i t  field of' sipnificunt soc~ul  uct~on. ;i 

tenor of rolt* relationships, and a modc of' symbolic orpanizi~tion. ' I ' h t b  sc~lc~rt.ion of' ol)t.ions 111 ' 

P such as in systems of mood. modality, person, kej,, ev;kluation ilnd comrntwt, arc3 

, ,  

such a s  theme, information and voice. the cohc~sivc pdttt~rning of. ~ ' e f c ~ ~ . c ~ ~ w i ~ ,  coylunctiotl. 

role of' the text  in the meaning e n v i ~ . o n r n e n t . : ~ ~  

communication is translation and articulation of' scic~ntific and n o ~ ~ s ~ ) ~ * c i a l i s t  knowlcdpc*. 
, , 

Thc tenor ct,elationship bc~twctbn participants) is m t d i a k d  e ~ l , ~ ~ . i c ~ n c c * ,  c*sl,os~tion, ., . 
, 

inst~.uct.ion, information arquisition. journalism, writ~cw tclxt.s. 'l'ht* mod41 is control. 
i 

legit~mation. It. is the mode of' popular science comrnunicatior~ that will I J ~ *  t h c *  fiwirs of' t.I11.'r . 
a 

analysis. 

Ideologies chat-acto.istic~11I~. at tcmpt tr) ~.c~+olvc' awkward f'acts or. :inornaltc:s i t 1  1 1 ~ 3  

, 

Kuhnian sense, by suppt.ession. denial, or suhsumption thtwugh t.einter.l,~.t~t~ftio11. ' l ' h ~  

process of' r.eint+trpr.etation, explanation. and a s ~ i g n m c n t  of' c3ufic1 in ~.cwolving t.ht:nc. 

- 
awkward facts -- which might be oppositional discourse, challenges to trutbclairns ot 

legitimacy -- use in the  creation o! discourse. In examining a particulur 
C 

t h a t  an analys t  can correlate linguistic 



tr.ansfi)rmations with ideological transformations. 
\ \ 

\ 

~ d e o l o & i n n o t  be simply read off from 

a text. But rts effects, the ongoing process of its conditioning of utterance can be 
+ 

characterized: 
I 

f in general the original mahrial  is not recoverable by a linguistic 
analysis of the final product, then comparison of initial and final material is 
significant. I t  is beca there a re  linguistic options in handling the original, , 
tha t  i L  is not Which option is used can be explained in part  a s  

A typical idkologcal transformation moves representation of an event having cause 

or agency towards a reinll;lprehtian that locates it in a context presenting more general or 

less immediate causation. ~ t t r i b h h  of agency or causality is weakened or delete % 
sclcctwg 01. abstrxtion of effects, coupled with an explanation of those transfprmgd effects 

hy C L ~ I I S L * I S  of' hipht.1. generality or abstraction. When language is operated ideologically, 

mtbaning is dislocated from its specific context and concrete exbression, and then 

rnanipulatwl to es  hlish control and resolve anomaly. S 
(;eo~.ge Chwell's 1984 is the archetypal presentation of language and control. In 

thc novel. Newsped  engenders doublethink and a set of power relations in which the rules 

and ~xyzulal~ons of soclety have become completely ideological: "totally deleted, so that 
h, -< d h t y  ;rw disembodied, invisible. and hence. unasssilable.""Power - becomes purely 

ideological, iind the mechanism of control is mystified, iri-ational. and strengthened. 

Anyone who can give orders without even acknowledging this in the surface 
of his u t t e r p c e  has access to an  insidiously powerful form of command. 
For instance, someone who can say 'the door is open' and can be 
interpreted a s  saying 'close the door' has issued a n  imperative which has 
hhen totally deleled yet is fully effective. The person who obeys accepts the 
reality of a power that has not been-claimed, which has been completely 
mystified into the form of a n  apparently neutral. factual o b ~ e r v a t i o n . ~ ~  

ad 

a I t  is the sequencing. movement, and direction of change that makes an  ideological ' 
I 

p:~tkrning apparent to analysis. The operationalized linguistic elements of transformation 

that will be used to examine popular science communication a r e  the "patterns of 



categorization of participants, and the  relations of \I-ansitivi'ry ithcrt is. thc ~ ~ t ~ p r c s e n t c r t i o ~ ~  

of causality in the process words and clauses)."38 

The  ideological conditioning a t  work will be located through c h m g e s  involving 

passivization, agent  deletion, rewording, nominalization and embedding. T e s t s  will I; 

analysed for transformations t h a t  move the  representation of scientific knowledge 01. 

methodology away  from a n y  social contingency, or  ~*ecast  its certainty and authoritv 111 

idealized manner.  

Fahnestock is helpful in providing another set. of cool.dinaks fiw this i i ~ ) p ~ . o i ~ ~ l \ .  In 

comparing original scientific reports and their stibseywnt. tl.;msf'o~.rnst ions inti) poptlln~, 

accommodations, she  identified appeals t o  cwtainty as a n  import.;tnt c lc~~ncnt  of' t hcl 

a t tachment  of praiseworthy values to science. I t  is not possible t i )  t.r~tc.t~ the p o l ) i ~ l ~ t ~ .  s c i ~ ~ l w c ~  

texts tha t  will be used in this analysis back to scicntilic or ig inds  - -  solma I~:tvc+ no orig~nals,  

being independently generated accounts, some have too many soul,cths in thcl sc.ic*r~tilic 

literature or  to personal interviews with scientists. Howcver, this description of' st.icwt.ific 

accommodation, together with the characterization of' expository scicnccb prx)vitlcd t)j' 

\ Cloitre and Shinn ( w h ~ c h  follows), suitahly dcfines the rcgistclr. of' populr~r wicnw 

communication for the purposes of analysis from a critical l i ngu i s t i c , u l~ l~~o ;~c .h .  'l'hat IS, t.hd5 

social context is epideictic, one of attaching praise or hlume'to scicnc'c, 11, ~ w d c r i n l :  

judgment on the legitimacy of its authority and trwstworthiness. The usc of' c.c*rkain 

linguistic features to a t t empt  to control the  outcome of this judgment pr.oc.c8ss - -  or  rxt.hcr, 

to subvert  the judging in favour of' imposing 3 prc~lc~l.twI mea~l in  1s all idcwlogicully P- 
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CHAPTER FOUR: 
1 

TEXTUAL ANALYSIS , 

Sample description 

The  material selected 

Part one: sample and target 
7 

- 

winnevs of the .4AAS-Westinghouse S~.ienct. Journalism Awards fhr  ncawspal,cbr:, 01 

100.000 circulation and for gene1.d ch%+dntion m ~ t g u i n t ~ s .  rn the p r l x ~ d  f'lwtn 1 !)HI) 

The American Association f o ~  the  Advancement of' Scir~nct~ ( A A A S )  1s tlw wo~.ltl'> 

largesffederntion of scientific orglinizations, and also a n  association of' inZlividir.tl st'ic~ntist~s 

-- 

and of other persons interested in supporting the a ims and activiticti of' thcl A A A S .  A s  

v n 

such, the AAAS is also one of' the leading inst.it.utions ?or the. jwornotion of' [hi: in~cblx*sts of' . , 

the  scientific community in North America ( togc the~  w ~ t h  t h c ~  National Ac;i thm\ ol 

{Flul-thel. the work of scientists. to I'acilitatib coopet.at,ion arno11gAc.m. 1 4 )  

i m p t w e  tht* cfl'ectiveness of science in  the p m m n t i q  of' human wctfhrc, and 
to i n c r e ~ s e  the public understanding and r\pp'hcintion !~f' ~ h c  rmpot.tancis and 
promise,of the methods of' science in human p r o ~ r e s s .  ' 

P a r t  of the  project to increase pu rstanding and appreciation of' Lhc. 

methods of science has been an  awards  pro for science journalism, beginning in 1946 



r" - 
and continuing in various forms to the present: "to encouiage ahd r6cognize outstanding 

reporting on thg natural  sciences and their engineering and technological applications, 

excluding the, field of m e d i ~ i n e . " ~  These articles, selected first by a screening committee 

'* ~2 

made up of scientists and academics, then by a panel of judges composed of scientists, 
t 

acudckics and senior journa l i s t s ,~ repr~esen t  a n  ~ x e m p l a r y  se t  of popular science 
: ." 

communication texts. 

$5 
1 

% 
Motd of the'bexts.(Ci2%, N = 36j were deliberative, t h a t  is, accommodations of 

- 
.i&ntific information strongly featured fbr decisionmaking:Examples of deliberative texts - = 

& 

; ~ncludc* tl~& on the responsibility for acid rain problems and potential solut~ons,  or 

r i s ~ w s r n ~ n t s  of' the space shuttle program: "Space shuttle -- costs, goals. technology -- is i t  

wbrth ~t:'". A smnllcr propo~.tion f38"i .  N = 2 0 )  were expository. that  is, more strongly 

lilat.u~.i~d li)r description 01. explanation Examples include a l ~ i c l e s  on theoretical physics, or 
i: 

spcbcilic. ~,cscat.ch ptx)prammes: "Space telescope holds NASA's hopes fbr grand discoveries 

In univc~.so." tA fullc~, account of these ixt.egories follows in Par t  Three, typology of 

$9 

'I'htb .sample. c.ont:iitwd more ncbwspcrper texts tN = 501  than magazine texts ( N  = I;). 

1'111b 1s ducb to this b r e v ~ t y  of most news features: in o r d e ~  that<the  awards  recognize 

s t r i ~ s t m t i v c  acc.omplishmcmt. tlacy considtbr series of d a t e d  articles, or  a number of' 

ii~.ticlt~s w i t t e n  ovef  a vtw'-long pel-iod to be ~.cpr.esentative of a body of work by a 

~~11~11cul;ir joulmalist: Not suprisingly. deliherative t e s t s  outweighed expository ones in the 

t l  I hi. p~wpol'tions of dclibe~.ative and expository were ~.t*versed in the  magazine set. 

whc.rcb i~spository tests outweighed deliberative ones i 7 : iCr ,  N = 6 ) .  This pvoportion likewise 

~ . e f l c ~ c ~ +  the  conventions of thtl magazine genre for m o w  textual elabol*ation. A crude 

tsbulitr presentation of this d a t a  is given below. 



As research materials ,  they a r e  illustrative, ruther than  r .epwsttn~~t. ivt* in thcb 

technical sense of statistical sadp l ing .  The award articles h ; lw btvn plvnclcckd f r t m  
I 

. w h a t  is a very large universe scienw w i t i n g  by p~.artitioners nad intrvrated 

participants. In a n  ethnomethodologicd sense, then,  since tlwsc articles ttrc idcntilitd fiw 
6 

reward as certified models of popul:u. scienct communicat.ion I,J~ t.hc signific:in,t " c ~ w d i n ~ "  

participants. they should provide a n  excellent s ~ i c  fiw a n  investigation ol' I~ow h w I i  

communication is constructed. and how i t  is conditioned by ideology. 

1 -As to the "decoding" participants in this c o m ~ n u t ~ c i ~ \ t i o n ,  Millel. h a s  ~ ~ r o v i t l ~ v l  ;r 

wealth ofi audience ~ .esearch.  Millel c l a m s  to hiivc emp~~ic ; i l ly  cjcsc~d)c~J the .~ttc*n~~vcb 

public to science, using measures dtlveloped and applitd over h n o s t  t hirty yi*ii l .~ 01' 

national public opinion polling and survey da ta ,  cutminclting in the instit.ut i o n d i m ~ . i o ~ i  of' 

measures  of thc  public understanding of scierice in t.hc biannual d a t a  c.c+Icl,r~;tti,o~ of' 1 111, 

4 I 

Sctence Indicators serres. undertaken by the National Science Founda~~ron In t hc. I j.S.A. 

About 20 percent. of' the American public a r e  at tentivc~ to scicnccl, and ;inot.hc:r 20  

percent are "interested." The at tentive public h a s  a high level of' interest rn sc~c~ncc~,  a 

functional level of knowledge in certain a r e a s  of'scicncc. and a ~ ~ a t t c r n  of' g ~ ~ l I ~ * l . ~ n g  

relevant infbvmation u) keep their stock ol'knowlc*dge c u r w n t .  ' l 'h~s .sc*grncant IS  "voirnpc*~ . 

predominantly male. better educated, and-more likely t c ~  huvr. taken ,I c~oIl~~gc+-l1~vc4 scn*tlc.c' 

in science and technology issues, but  lacks the f'unctional knowledge of' the attc.nttvc*s In t.hcb f 
various fields. T h a t  is, although the  interested public expresses "u high level of' ;t$krt in 

science and technology mat te r s  and perceives itself to be at least  moderately well 



informed ...[ they arc] unable to demonstrate adequate rubstantive info&ation to remain in 

t b ~  n t t cnhwwss  clas~ification."~ This segment follows an  in mation gathering pattern 
I 

~ i m i l a r  txt  the atkntivcs,  but less intensive. 

Although Miller does not describe the attentives to the extent of what their 
n 

favourite beer is, or the kind of car an attentive might drive, the picture tha t  emerges 
*% 

conforms with ihe conventional elite of North American society: male, primarily between 

the ages of 17-35, collegd-educated, and with the perhaps more special characteristic of 

having been exposed-at the college level to a science course. 

This interest typification model, developed by Almond and elaborated by Miller, 

tool of ana lys~s  and segmentation of audience it - for popular sclenceV- ' 
% 

. &  

All levels of aud~ence on the  science policy pyramid have characteristic 

n w d s  -- LISPS, and gr:~tifications -- for i nhmat ion .  

il 

1)ecisionmakers need information to guide judgements: empirical measures f o ~  

~ x h b i l i t y .  Such information u s u o l l ~ ~  comes to the decisionmakers fvom the science policy 

Ptdicy lead& need similar empirical data  on activities in the scientific communities 

which they lead, a3 wdl  us substantive scientifjc material;' Such info;-mation comes kom 

disciplinary and interdisciplinary fo1.a. such a s  the AAAS. - 

Attcntives need information on the controversies and policies for which their 

support is sought. This specific. inl'ormr\tion need can only be addressed provided there is 

- a n  ;idPquate Iihvcl of sriwtific literacy to background or contaxtualizc issues. The principal 
I 

sources of infot+mation 'for attentives a re  usunliy influenced by the agency o f the  policy , 

lei\dei.s in seeking participation. that  is. in the specialized science magazines that  are  the 
. d  

media of policy leaders and the scientific community, or through news channels tha t  have 



S . 
been alerted to an issue by the policy leaders a s  part of ut.tempts to pain s u p ~ 1 . t  fo~. 

contested positions. 

The interested public has information needs similar to the attentives, but with the - 1 

distinction of neither requiring, nor being capable of using, highw-order scientific 

informition. Plausibility and social context a re  required by the int&csted oudicnrc?n order 

to make meaning of science communication -- us distinpuishcd from t ~ m p & w l  d~tt:l fo~, 
3- 

Y 

'* 
decisionmakers, specialized and "community" information for policy leaders, ikgd wmc* 

- 
measure of substantive sc~entific information, conkxted by :I generd scic~nce litcb~.iwy, f o ~  ' 

-> = 

attentives. Sources for 'the interested public are most likely t4)  be thy media, t)ro~idly 

defined; radio, TV. and general cilxwlation magazines. ~,altir.ular.ly. 

Nonattentives need practical inf'oi.mation, of' a sort thnt I ~ t s  

immediate application or a1.1~ Icast likely to 1)articilr;itt. in ~wl ivy  

? 
processes, attempting to create a scieptific l ibracy among the nonatknt ivvs is  not lili~~it)l~b, 

according to Miller. The principal information s o u ~ w s  of nonatt~mt.ivcs arc likt4y to 

newspapers, TV, radio. U- + 

a 

~nformbtion &herkg pt te&r 
w 

An important component iq the typology of interwt and at~entiGcnt.s,s IA, w c w c  

and science policy issues described in chapter one is a pattern of regular infi~rmation 

acquisition about science: , 
1 ' 

While no single variyble can complekly capture the r)l~obnhilitv ol' von~inucd 
interest and activity, the existence of' a pr.rvious pattern of' inrr~rrnation , 

acquisition on the topic or sut~ject area is n ~~casonahlc~ sur rogak  measure. 
Given the cost of inf'ormation acquisition in both time and rvsout~ccs, a 
pattern of regular information consurhption ahout any sl~ecilic t q ~ i c  or. set 
of topics would appear to offer a reasonable probability of' n continuing 
actiirity in regard to that  topic 01- area.'; 

Survey data on information gathering activities showed that 59 percent of 

attentives were regular vieivers of a TV science show, and 80 percent writched TV news - 
B - 



," 
- regularly; 75 percent of attentives were regular newspaper readers (but onlyY9 percent 

r a k d  newspapers as a vary good source of scientific information); 50 percent of attentives 

- I-cad one or more science magazines, and 50 percent reported Yeading a general 

Miller and colleagues, in appying information acquisition behaviour as a 
.z 

b' 

- - 

variable in 

their exarntnation of attentiveness to science issues, reasohed tha t  the patterns of a 

~%ormc~tion acquisition showed evidence of sufi+nt co cern over the issues to expend --2,, 
time and effort. Lnter~cstingly, their i.esearch lead them to judge tha t  "reliance on pr& 

inlimnation represented the best measure of a persistence of information=ng 

USC of' television and ~.adio wwe  discounted 2s measures of attentiveness because 
* 

thcb widc~s,)rcatl and eas?: ac&s to both mc~diums l q u i r e s  little effort on the part  of 9 user 

s, 
und ~her.cli)lv "does not ~ ~ e p ~ y s e n t  cvidence of a sufficient intarrest in public affairs to 

expend sc;irce time and resources to become and remain in f~ r rned . "~  The researchers 

disptbnsc. with the scope and qua'lit.y of televised news and radio a s  being generally lower 

. v ,  
In t.twns of t:hc confidcnw placed in sources of information on science and 

techpohgy, i,t appears ftwm the samcL survey data that the audience for popular science 
e 

comrnunicat.ion, although -it rnuy makc significant. use of the media fo'i. information, trusts 
4 

j i t  less than wholthhe;wtrdly. Institutions. such a s  a Conp~.essional ~ o r n m i t t e e  on science 

ilnd l'tvhnology. "a university profi.ssor." and thib Envi~wnmental Protection Agency 
? 

c*n,jnyd hiphcr lrvcts of confidiwv than newsmagazines, teltvision, or radio. Miller -- 

S U ~ ~ C ~ S I S  that the ~ . I I I S ~  placed in t.he media is not in t.he mkiia per se. but rather "in the 

\ 
pclwns  and organizations whose statements or actions a re  reported by the media."Vhis 

I 

suggestion will be more fully developed in the rhetorical analysis to follow. 



- 

The attentives.ure the most ~ w e p t i v e  iudience for science policy rommuni~ t i ans .  
- 

-- - 

a s  they are for science hteracy. The attentives seek more sophisticated pt.esenktions 
? ,- 

current science policy issues, but: 

This group will be ~elatively unreceptive to one-sided exhortations on policy 
issues. On the other hand, given some of their dificulties with basic 
scientific constructs, they a re  unlikely to be responsive ,to exccssivt$y 
technical presentations. l o  

< 

Miller notes tha t  increasing scientific. literacy among mc\mbtw of the uttentivc . 

public is critical -- eventthough the evidence that scientifically l i t twte persons tcvid to livl 

more positive about science is not conclusive. 

understanding and appreciation of science for 

policy issue and provide intelligent discussion 

A communications strategy fi)r irnpl-oving t lit, 

this audience, thcrd'wc, "should focus oil the 
Q 

of' the policy alt.erm;~t.ivcs," l i c i i ~ t  han v i t  hcl. 

attempt to create literacy or crudely advocate. 

a _ (Since the barriers against increasing scientific literacy amdng non;ittcntivcs a1.c 

even stronger., Miller suggests tha t  the principal communications pod "in ~.eptlr.cl t,o this 

section of the population is to persuade them that it,  is impott.ttnl to bc scientifieittly 

1iterate.")l2 

. I  

In its "pu~*est" or alVchetypal form, then, popular scicnccb communicatwn targets L ~ I I  

attentive audience through their preferred medium of print. 'f'hc ;:wq.ds mibc.htlnlstn allows 

further definition of the phenomenon through u kind of self-selcctron. The :inalyLlcal t r d s  
, 

developed from rhetoric and critical linguistics, if brought h work o n  this rnutr~r.ral, should 

be able to determine whethe] popular science communicut~otl has h v ~ n  ; N ~ J ( / I I ; I ~ C ~ . Y  

a 
J 

' characterized. 



w 95 
i 

* 

9s 
Part two: Rhetorical analysis 

I- 

- 

Tlw practice of science would seem to cull for valor. She trades in knowledge, which is the 
prodpct of doubt. And this new art of doubt has enchanted the public. - -from Galilee's final speech, 

Bertolt Brecht, Galileo l 3  

A Where normal science p v m  extending and elaborating p&adigms, the 

popular representations that-follow trace the surfaces of certainty to marvel and celebrate. 
; 

When paradigms are  perturbed, scientists a re  thrown back on their cultural certainties in. 

the face of changing and contradick* puzzl&sohing sets. And popular science coverage 

then approaches even more closely the classical forms of ~~hetol-ic in attempts to present 

the same controversies to everyday reason. The scientific ethos, underlying and 
2. -, \ -- 

functioning in a transpwent manner during normal times, becomes foregrounded both in 

the scientific community and its reflection in science coverage. . 
: > 

. 
T h e  norms of disinterestedness -- 01. rather offences against it -- seem most. 

commonly evoked in controversial science. There are  two reasons for this. The first lies in 

thc framing of drama; conflict, spectacle, and the  personification of' issues given science 

covt*rupc t.o snt.isfy the stru"cural needs of the media. The second is tha t  in the coverage of' 

.xdisputcs, scientists are  presented using arguments more directly indexed to the ethos to 
\ 

discredit. or impugn rival theories. The scientists seldom seem to oppose fact (when the f 

facts spcuk for thcmselves, scientists do not argue). but interpretations. And in the 

repertoil-tl of discursive strategies used in scientific controversies, attf'ibuting art interested - 
mntivution is a damning criticism. But i t 4  used with cautim: to suggest b t ,  same 

f 

scientists a re  not motivated to seek knowledge in a pure and disinterested way - is to 

-i 

besmirch all scientists. As an  accounting device, these sort  of appeals to the ethos of 

disinterehtedness a r e  not evoked lightly. 



An excellent demonstration of this confirmation by negation is presented in the - 

- -- 

award-winning articles foxs'1986. Uoth concern scientific riism emitxed on nuclear war - - 

'=.. 
and the a rms  race. Themagazine category award was presented to Andrew C, Revkin for 

"Hard facts about nuclear winter," which appeared in Science Lligcst. The award for 
t 

newspapers over 100,000 circulation went to Boyce Rensberger for ; series of articles in 

the Washington Post on the  Strategic Defence Initiative program, a.k.3. "Star Wars." 

Both articles introduce controversy in dramatie-leads, and in u mtlnntv thlrt, 

thematizes scientists. The possibility tha t  smoke from a nuclear w w  "could provtb to hc , . , 
more devastating than any of the other effects -- including  he blast and rildiu~ion," "came 

0 i a s  a complete suprise, stunning scientists and defense exptsrts h k c . "  (Revkin, p. I Thcl * 

Stvagic Defense Initiative has "American scientists.:.split into 1.ivn1 camps on wtic>thcr ttw 
-7 

exotic concept makes technological sense," from which camps  scientist.^ ut-c "z~~pping  t w h  

other with hypothetical senarios, mhthematical formulas and just plain nas1.y I:~nguuge." 
. . 

(Rensberger, p. 1) j5 Scientistdxcomc either "p~wponcnts" or: "critics" of'count.rwnilin~ 

theories. , . ,,. .,+. .\ 
P - , , - _  

7 +Y 

/ 
I 

i In #he Rensberger article, the proponents of Star  Wars l l ; ~ c ~ ~ ~ ~ ~ ~  their clifks of' 

f 
"shoddy work," while the critics "denounce the proponents for 'liycna-like' behuviout~." 

aThroughout the article, the proponent and critical technical argu@ents arc1 p ~ u e n k d  

alternatively. The more fantastic rehches of destructive techno~o$ -- particle h a i n  

weapons, orbiting battle stations, X-ray lasers powerthd by nuclc,a~. cxplosionh in H ~ L I L ' C ~  - -  + 

are consis"tnt1y countered by mult~plc, ~~idependcntly targetuhlc recntr y whiclcs (M!v~I ,  
..> 

"4lardened missles, decoys, aiming-Minding lasers, space mines, and a va~.ii'ty of non- 4r 

adversarial trchnical chal16npes. 
& 

The "bitterest and longest running" S tar  Wars technical dispute involvcn 

calctllations of how many orbiting battle stations would be needed to provide a c 9 

comprehensive defense against Russian missles. Two different sets of calculations, one 
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'- ~ ~ H i k d  by the Union of Concer~ed Scieptists WCS) and identified with Richard L. Garwin - - -- 

,. ("a physicist who worked on the hydrogen ~QUIII and is now a. defense c o n s u h t ;  _as he is 
C 

described: presenting credentials to suggest he is not simply a n  advocate, but a n  

experienced scientist familiar with the field), the other with military-oriented national 

laboratories, but identified in the article wjth Robert Jastrow, NASA (National Aeronautics - 

9, 
and Space Administration) astrophysicist. 

* 
The UCS calculations based on the deployment of the most promising weapon -- 

I 

orbiting chemical laser -- initially showed that  it would require 2400 battle stations and 

extremely high energy inputs to operate -- figures that  placed the program cost so far 

beyond the economic capability to realize that  it appeared patently absurd. This argument 

is counte~xxl by proponents suggesting tha t  the "true" number of battle stations required 

was closet to 90, and that  " Ga~qwin and the UCS were either bad mathematicians or 

trying to kill S ta r  War?.!' (Rensberger, p.7) The UCS discovers errors in its calculations, 

and substquently revises its estimate downward to a battle station requirement of 800, 
Z 

then 300. Jnstlww "pounces" - on these errors "citing them as evidence tha t  Garwin and the 

LJCS were misleading thepublic." Thehisinterested scrutiny and self-policing ethos 

-$ :\ppears to have forced an  inte~vsted scientist into revealing -- and thereby discounting as 

nonscientific -- motivated error. Jastrow is quoted calling the work of the UCS "the poorest? - 
1 ,I 1, 6 

that has appeur6d in print" and "shoddy" in contrast to "some fine work by the dheoretical 

physicists a t  1Jos Alamos." (Rensberger, p. 7) v. 
' *4?. 

''e 
'l'hc article reports Garwin's response: -2 

Denouncing Jastrow's article a s  a "screen ... rehashing the same demolished 
c~.iticisms."(;arwin added that Jastrow, who is not an  expert on strategic 

f defense technologies and who used other people's data,  has "made a career 
of hyena-like Iwhavieur." + 

Not all of the clashes between Jastrow and Garwin, a re  so 
emotionally worded. Some are more factually verifiable. (Rensberger. p. 7) 



In casting Garwin's-response a s  "emotionully worded," and contrasting it to emart' - . . - 

- - factually verifiable" differences, the article rhetorically attaches n ncpativc valuation - - -  - to o 
- - 

position tha t  seems to break with the norm of disintc~.estedness. This manoeuver is 

---- 
reenforced in the article's next paragraph. Jastrow is presented critiquing the UCS report 

(not Garwin himself, as Garwin had been presented, attacking*Justrow in an urf horninurn 

fashion) a s  deliberately chosing to bias the facts toward "t.h most pessimistic cnd ol' u 

range of performance possibilities." 

"All the errors and omissions," Jastrow wtbot.e, "go in one d i~wt ion  only -- 
toward making the president. '~ plan seem impracticd, costly, and 
ineffective." (Rensberger , p. 7) 

2 *  

station hardware. requirements that  seem to address the criticisms oI',Jitst~ ow, ;mJ return 

UCS figures to the levels first piwjected. 13ut the al*gumtxnt. ~ . l w t ~ ) ~ ~ c , l l l y  at I t ~ l s ~ .  IS lost. 
0 

The new figures a re  countei.ed again with a suggesbion th  

distinterestedness a s  the S tar  Wars advocates "complain that G:irw~n is inl~wiJuc'ing ... 
a 

factors to recoup the position lost when the UCS el.1.or.s wew fimnd." {Ilc~nst~t~rgcr, 1 ) .  K )  

The article ends in rhetorical judgement with a crit.icluc ul)l)eitling tl i r  t ~ t l y  to 1 1 ~ .  

norm: 

11 , C~wwin isn't playing by the r.ules," said G1.egor.y Cunnvcm. ;i ~~.o-St.:w 
Wars physicist from Los Alamos. Canaven said thut without. Gar'win's 
newly int~aoduced factors, they would be close tr) agrcemcnt on the n u m t w  
of satellites needed-to counter the current Soviet misslc li)rr.c. (k?ns t ) cqc r ,  
p.8) 

The calculut.ions would agree if' disintewst operated ;is is normal and csscwt,i;~l to 
/ .  

the pr.oduction of scientific knowledge, if' Garwin was not rnot.ivatcd t ~ j '  non-scicwtific. 

interest -- the facts would speak. The same~'fiencl.alst~.atcg~y holds in thy. oLhcr t.wo ~~rl.it:l(*s 

in the series. 
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q Personal computers ?-- 

In "Compute~+ bugs seeq as  fatal flaw in 'Star Wars'," controversy surrounds 

technical possiblility of designing soft&are for the supercomputer applications needed 

the 

to 

control the defense system. Because the Star  Wars system would have to respond so 

rapidly and be so highly effective -- perfect -- there would be no time for human 

intervention, no time even to "wake the president." Thi6 requirement of complete reliance 
2 

on computers -- in actuality perhaps, one supercomputer -- entails a program of 

unprecedented complexity and reliability. The fatal flaw that  critics point out is that  no 

pogram ol'the txquisite length and complexity has ever been written, that the normal 

14: 
pwgrams arc ncver ert.01.-free, and that there will never be a way of t e ~ t i n g ~ e  Star Wars  

program under, ~~calistic conditions. , 

i 
The argument is again plvsented in the article in turn-taking debate sequences - -- 

bib1 w c w  "opponents" and "advocates." The. "spokesperson" for the critical argument is 

David L. Parnas, "one of the cornputel world's most respected authorities on large-scale 

programminfi." Palmas is given a measure of credibility, a s  it is noted tha t  he was 

~ippoi~ited 1.0 t hi. Pcntagon's Stvatepic Defense Initiative Organization (SDIO) to the 
v 

xlvisol-y pant4 on "b;ittl$management software," and tha t  "he supports Reagan's goal of 

idirnin~lt.ing the threat of nuclear weapons and ... has worked on military aircraft 

colnputing problems fi)r many yeul.s.ll (Rensberger, p. 9) 

PL\I.II;\S resigns from the committee after i t s  first meeting. His reasons a re  repoited 

"In Mar-ch 1983." Parnas wrote in his letter of' resignation, "the presiden~ 
askvd 11s. a s  members of the scientific community, tn provide the means of 
~.cndcrinp nuclear weapons impotent and- obsolete. I believe tha t  it is our 
duty a s  scientists and engineers to reply that  we have no technological 
magic that will accomplish that." (Rensberger, p. 9) 



disinterestedness: u d e m o n s t r a t i m f  high integrity, e unimphil-td alfhwenctb to u higher 
d 
r, 

moral imperative of science in the face of ;?lle'&nce to the s tate  and the "defibnse of 
+.J$ 

\ 

democracy." It  appears to be a dificyk decision, rhi~dt! 4y a scientist ~.epvesented iis hnvirrp 
.I '. '. 

no previous commitmenk against military resgarch. / + .  
I 

Parnas reported1 y accompanies his ~.esignation WI th tight t cchnicd pnp1v.s t ha1 i. 
explain why he believes the software will not worb, and hx@s nctions "gulvi;nizotl t hc 

\ 
\ 

software engineering community and set tho terms of' a debate tllat continues to ~ x g c  ...." 
-, 

(Rensberger, p. 9) 

1 computer panel scientists with esampl g~.ounded much mow clost4y In cspcl-icncc* lh,w 
- - - , I  B 

those of'the advocates: the Space shuttl i~,  the licld cxpcricnces of' Victnatn, :in;dogip l o  

only once touches on appeals to the ethos: 
a 

"Parnas is putting his finger on some real technical prwbli!ms," said Charles 
Scitz, a computer panel meml~er  from Califbrnin Insitutc of' 'kchnology, 
"but these are things t,hiit SI11 is researching. While 1)arn:~s ,is going al,out 
debating, we're- studying these problems. The honibst. answer right. now is 
that  thew is nothing that  assures us it, can he tlonc or that, it can't,bcb (lonib. 
Existing so1'twab.e enginewing practict. has nttver c~ncoiintelxd :I , ~ ) t ~ ? J ~ l i v n  
quite like this helbt.e." iknsberger, p. 1 1) 

This passage repi-esents Seitz acknowledging, in a way disinle~'~sl~*dnc.ss would 

calling of' atttmtion U) problems, rather than working tc) r~csolvv thcm :is good wicwtific. 

concluding that "there a re  limits to what software can do." Although thesc. arc positivc.4y 

:' valued aspects of the ethos, the strong moral character of Parnab carries the debak. 



In concluding, the article offers in a parallel 

valuation of what would seem a t  first an admission 

construction, a parallel positive, 

of defeat: "[flor all their pessimism, 
- - 

, - 

most critics concede that if '  the government keeps spending money on SDI, someday there 

will be i~ huge computer program that SIDO calls battle management software." k n d  in . 

tht: classic. close with "judgement," the debate seems decided for the critics: 

"Rut this software will not have the reliability that you or I would consider 
essential for such ;t system," said James  J. Horning of Digital Systems 
Rcscarch Center in Palo Alto, Calif. "Nor will it be possible to retrofit 
~x~liability into it. The country will be faced with a cruel dilemma: deploy a 
system that cannot be trusted, or scrap it." (Rensberger, p. 1 1 )  

The 1.h~tO1.1ca1 "judge1', Homing, has not previously appeared in the article. His 

c.losu~x~ has the illdependence and appeal to personal, everyd reason -- "you or I would 

/ 

wnsirlcr" -- t.!1;1t marks this a s  i.hetoi.ic. The issue remains technically ambiguous, but a 
I 

~ ~ ~ x * f k n ; ~ ~ t J  dtyision has twen machcd thvough a rhetoric centred on scieihtists and their 

~lt.hoh. ? 

Rcligiours wars 

In the last art.icle of' this series. "H-bomb blast plahned to test S tar  Wars idea," the 

(I~slntc~l.c*s~c*dnc~sx ; IS~LY! of' (he t~thos of science is most strongly evoked and dramatized. 

'I'hc artirlc ~ntroduces a contl-oversy: the testing and development program for a 

s~w.t)t X-l.ay.l;iser. The device entails a hydrogen bomb detonated in space that  would 

~dc:lsc. cntBrgy that 3 I;\SCT uwuld twnwrt into a burst of X-rays just one-millionth of a 

- ~ t w ~ ~ - r t I  t)cfi)~.c thch dclvicc is destroyed b ~ .  the blast. The aimed X-1.a.w could destroy a =. 

I~ostllc mlssl~b ;IS t htbiv t'nclrgy causes n sutfr~cc layer of' atoms to "boil off' next to the skin 

01% . I  ~nissle so ~.apidl\. t h;it the recoil effect damages it. Contl-oversy has arisen with the 
i.r- 

disrlosul.c~ that somtb piwjtlct physicists have discovcrcd "major flaws" in a previous round 

of tests, but that the information was  suppressed by others advocating the project. 



T h e  advocates "descr ibd the results in mislvadingly optimistic tc.t*tnsw in 

requesting a n  additional $100 trri1:ion for the project from tlw Rtbapitn :hdministrttttcm rlnd 
1 

~ongress ional  leaders:, The  actions a r e  condemned a s  ;I breach of disintt~~.t~stcdnr*ss: 

"scieniific organizations such a s  Lnwrmre  Llvrrmore iljotionitl 
Laboratories, the  developer of the concept] have a n  important ~.csponsibilit y 
to provide the most evenhanded information they a r e  capable of plwvidmp," 
said Ray Kidder, a senior leader of hydrogen bomb rescarcheat  lht. Iitb. 
"That's because the  people making the  policy bark in W;wh~ngton dPon't 
have the  t e ~ h n i c n l ' e x ~ e r t i s e  to evaluate these things. T h t ~ ) ~  hove to ~.ely on 
us  for good information to guide them. The lab - h i s  f;tlltw a l ~ t  short of 
meeting that  responsibility ." (Rensberpel., p. 12)  

1 

The  "overly zealous proponents" a re  EdwaFd 'l 'ellt~. ";I Iongtimc~ I i c ~ i g : ~ ~ ~  I'~.ictnd, 
E 

and his protege, Lowell Wood," suggesting in onc scntcncc: a scicbnt ifici~ll, cornl)~x)l:list.~~l 

# %  

relationship between Teller and Reagan, and between ' l ' c ~ l l c ~ ~ .  iind Wood. Wood 15 t l t ~ s c * r . i l ) t ~ l  

a s  "a zealot": 

"He believes with a religious f ' e r ~ o ~ :  t.h;~t the X- i . r i~r  I;tsc~t.'is goittg to s : \ \ ( ~  t 1 1 c b  

United S ta tes  fiwm the  Russians. Hv's absolut:cly convinced of' i t .  J i i b  Ilatcb.s - .  
the Russians with a passion. You've pot the Holy (;rail zce;tlt~t t , & c 4 l  
Wood and right behind him is the  political cloiit of' Edward 'I'c4lc*1 . \I-OLI t1011't 
want to base policy on the  ravings of' a zt*aiot." (Kensl~t.~.p,c~l., 1,. 1 ','I 

The article notes that repeated efl'ot.ts to reach 'l'elloi.. Wood, 0 1  OI h f ~ r  a t lvora lc~~  -01 

is stlwtgthed as the scientist "nominally in charge of' 1,ivyr~rnolv's r~uc.lcclr ~w+rg~~;rrr~" ~ ~ r ~ t l  

one of' its presumed advocates, is quoted offwing "cvtwhandcd" -infiwrnat.ion, c.;rul.ior~~np 

scientists and theil: tthics: the remainder presents a tcchnic.al cIcs(.r~~l)tlc~r~ of' Iltr cl t -vrc~.  . r r ~ c l  

t he  p l d ~ l e m s  besetting it in the f'amiliat, turn-taking fi,t.m:tt. 

willing to transgress scientific norms, the article adds a chilling Dr. Strangc'lovr. flavour ~1 

the  rhetorical th rus t  agains t  Teller and Wood. The  delivery system of' the X-ray laser is a 
ta b 



. .  
IS pop-up" approach. Tha t  is, it is not installed in orbit, where it mightqbe vulnerable ta 

nc:utralizing attacks, but is envisioned as fired from submarines. T h e  system mus t  be 

deployed a t  the instant  of a perceived attack --.presumably by the  supercomputerflware 

p ~ w i o u s l y  described -- in order to be properly positioned to fire at rising Russian missles. 

As the article notes: 

'The necessity of a virtually instantaneous pop-up, critics say ,  would mean 
the United Sta tes  would have to fire nucleal. weapons into space without 
p~~esidential  authot.ization.(Rensberger, p. 13) 

This is the  libe~~il-democr$Lir nightmare of' nuclear war ,  begun without consensus. 

I n  two of' t h e  three articles the "opponents" of S ta r  Wars  seem to carry  the 

rtlcto~.ical debute. The st~x~gglc.  is ideological: on one level it is between the  political nature  

of' thr, mandatc given sciencc~ for defense research. and the autonomv of the  scientific 

c~tltc~.l)r.isc~. 0 1 1  anot.htbt.. i t  is ~t s ~ r u g g l e  for the [,rust and authority of science. Scientists a r e  

~x~lwcsentcd in :I way that preserves their moral s t a tus  even while they al-e engaged in 

r .  I I IC  drht.cb is cast ~.heti)ricall\. in the  terms of the ethos of science, and the  

~ .hr~~oric .a l  dc'cision is C I I C O U I . ; ~ ~ ~ ~  by at.tachin,n positive and negative values to scientistS 

1.c~1~1xw~nting diffcr~bnt po$!:iyl$. The ethical behavioui. of scientists becomes the measure of 
. * ,  " <. 

...;?,. :<, : 

sc.wnc.cb, of' the- t.ruth of' sciciicb. In this w a s  popular science communicaiiori translates 

sc.ienc.c~ -- and in the process 11.unsfo1.m~ i t  in a direction t h a t  encourages relations of 

Creditdc authority 

Ed\v;i~d 'I't4ltv makes a rcappeal.snctb in Andrew C. Revkin's a r t ~ c l e  on nuclear 

\vlntrl,, "Hard f'acts about nuclear winter." But  whereas Teller's work on the  X-my laser 

was impugned for having offended disinterestedness, in "Hard facts" he  presents the  s a m e  

arguments  ngtrinst the proponents of the nuclear winter theories. 
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T h e  article reports the development and debate over the  ~ I I c H ) ~ ~  posited 1)s ti jitx)up 

of reseaixhers t h a t  3 global nuclear' war could have u catastxophic impact nn cl~mute. 'l'lw 

.. , pall of smoke from thousands of fires ignited by nuclear blasts, the  ~vsesea~.che~.s si~ggwt.cul. 

would produce surface darkening and thermal efftacts s u f f r ~ i ~ n t  tn product) widcsp~vnci 

subfreezing land temperatures for a prolonged peritid. This severe 'nuclear winter' could 
L 

extinguish a major portion of the plant and animal sprcies on the eavth -- including the 

humans  t h a t  may  have survived the  initial warfarc. 
8, 

The theory w'as proposed bv Richard I'u~.co, a n  atmosphcl.ic sciynt.ist. r~nd  three 

researchers from the NASA Ames Research Center (0. Brian l'oon, T h o m ~ ~ s  Ackcrpwl .  

and James Pollack,, d o n g  wlth astronomer C a d  Sagan.  Thcs g~.oul)  \wc;t~nt' I;1hb1Ii'd 

TTAPS, a n  acronvm based on their last names.  

article through the rhetorical a t tachment  of t.hc values of' thcl scientific c!thos. 1Sdw;rtd 

Teller. presented as leading "a small but powe~f'ul cadw of cri~ics," iltt.aclrs t hc: 'I"1'Af'S 

reports "arguing that  the studies were inconclusive and politically motivakc!.": 

"The only news." Teller says ,  "is that Sagan has  rnad~s ;I lot of' O I . O I I ; I ~ ; I I ~ ~ : I  

about a very doubtful efi'ect." (Revkin, p. 2, . 

satisfaction of the  univeralism imperative: 

T ree congressional hearings, dozens of' scicn~ific meetings, sc:vc.t,:~l L in rnational conferences and a t  least. hu t .  books I a t ~ r ,  nnc.lrmr rr~inlr,r hiis \ ' 

taken its place -- somewhere I~etween rncJgrrton and or~c,rhill - -  in t.h(. 
burgeoning lexicon of t m m s  spawned hy 'tht* study of' nuclear war.. Af'tfvt 
more than a year. of scrutiny. t.he TTAPS study has  held up, i t t  I(.ast ;i ;I 

"first order" est imate.  d 

The  theories are then r-hetorically argued against on the basis of'arnt)ipurty. that 

the  smoke pall could produce the opposite effect in a "nuclear summer." The argument  ih 

again countered by a universalistic appeal, noting tha t  the Eational Reucarch.Council (a 



$ 

"neutral" aeademyl published an "exhaustive review" that  gave as a best estimate the 

*'clear possibility" 01' the nuclear winter hypothesis. The argument is later reversed on the 

critics and pointed with reference to the interest-driven generation of a contervailing 

interpretation: 

Mark Harwell, a Cornell biologist who recently finished a book on the 
subject, says, "You don't have to go to the extreme bounds of any of these 
ranges of uncertainties to be able to generate a nuclear winter. Actually, 
the converse is true. To come up with a war tha t  does not generate a. 
nuclear winter, you have to go to extremes." Commenting on the critics of 

d 
TTAPS, he adds, "You can talk youself into saying, 'Gee, I could have a 
nuclear war that didn't lead to nuclear winter',' but it takes a lot of soft- 
shoe ~wutine. I've seen people do it." (Revkin, p. 5) 

Having established nuclear winter a s  a major new concept in the study of nuclear * 
wal . thtb artlck prwreds to another troublhg question: how could a consequence of such 

B siktllficance have been overlooked by science? The answer lies in the p1,esentation of an  

9 
al.gurncnt that seeks to show that i t  is again an  intet-ference in the autonomy of science. 3 

loosi*ninp of' the norm of disinterestedness tha t  is responsible. 

John B i~~ks ,  one of the authors o f  the Ambio study [which originally posited 
the theory of a nuclear winter], offers two answers: "Defense scientists, 
who are the ones funded to look a t  this, are not attuned to this sort of 
thing. Their jol) is to build weapons to prevent war. Their work has focused 
on plwnpt eflkcts of' single nuclear explosions. They have had no incentive 
ro look at global effects of' multiple nuclear explosions. [Neither did 
"indthpendent" university scientists twig to the significance of the nuclear 
smoktt prtll.1 "Y(ju don't pet brownie points in academia for studying 
somet.hing a s  applied as nucteav war. You don't get, promotion and tenure 
and things like that. So thwe's no incentive there either." (Revkin, p. 7) 

, - 

T h c  missing incentivt. is the autonomous, disinterested search for the truth that is 

1),11.1 of' 1 hch e l  hos ~ ~ ~ c t ~ s s u t . ~ .  to produce scientific knowledge. The article elaborateg on this 

thcmr hy suggt\stlng that  the vagaries of funding research programs tha t  change a s  

govrbt.nincnt priorit ics change has impaired science. 

In t.hv final arguments mounted in the article, the nuclear winter theorists seem to 

P 
tw chastised, nevertheless, for having jkpardized scientific authority by transgressing the 

norms of disinterestedness. Sagan and the VAPS group are  criticivd from a neutrally 



located source for "having damaged his scientific CI-edibility by discussing the politicd ' 

/ 
-. 

ifi$cations before the  validity of the  theory .is confirmed." (Revkin. p. 8) 'I'hc corrcct.ivr. is ' 
\ 

administered, in which it is clearly suggested that the  power science can e x t ~ t  comes I 'mn 

the  production of certified knowledge, and tha t  evidence of having followed thc t ~ t h o s  is tlw 

essential security of t h a t  knowledge. Robert Ayres of the C ~ i r n i - M e 1 1 0  F o i ~ n d u t i o ~ ~ :  

In  his contribution to TTAPS critic Fred Singer's forthcoming book ubout 
nuclear winter, Ayres says ,  "The tl.ansparency of Sugun's motive!, muv 
have detracted from the  effectiveness of 111s wgutnent ... Thc nut~l tw.  
hardliners in the  Reagan Administration will be ultra-suspicious of iing 
conclusions based on mathematical models that u1.e not compltbtc4\ untl fully 
tested and verified. They will point out, corlwtly,  thilt i t  would trc dout)ly 

1 ' 
disastrous if the  U.S. leadership bel~eved in thc S a p n  tIitwh wliilth tli(1 

Soviet leadership did not." (Revkin, p. 8 )  

The c o n d i t i o n s  of d o u b t  

of science is found in the article by C. P. Gilmorv, "Aftc~r (j:l years,  wlij. L I I . ( .  I I I ~ L ,  st.ill 

testing Einstein?""' The article initially plays on the wondc11, that  scientists migl~t rlirclstloll 

the theories of the u1timat.e genius and icon of' science: 

For,  though they have formed the basis l i )~ .  m i ~ c h  of' [.he thought and ~ 

exploration in physics fbr more than hall' lr ctlntuly, thv a s h n i s h i n ~  f ' x t  IS  

tha t  there is still doubt about their validity. Even 1';inst.cbin hi~nsc*lf' l 1 ; l t l  

doubts. (Cilmore, p. 581 

skepticism t h a t  challenges dogma -- even scientific dogma - -  and tclls of't.ht. c*l;if~or.atc. r c~~ t s  

of' the special and g e n e r d  theory of' relativity and  that "hundreds of' scicwt1st.s h;tvc. .spchrll 

enormous amounts of time check~ng the ~ .csu l t s  of' thest* tests." ((;ilmorc*. 11.5% 1 

to get he^.. the two theories prur~osed that  the. world is not at all a s  11 

appears  to human  senses, but has  i n s t t d  a sct 'ol '  as~onishing pr.oj~c~.tr~.s 
' that  seem tu violate common sense. (Gilmo1.e. p. 5 % )  

But scientists can accept even revolutionary theories, provided they can satid:v the 

tes ts  of organized scepticism. Organized skepticism requires the "temp6rary suripcnsion or 



judgedent and the detached scrutiny of beliefs in terms of empirical and logical criteria," 
< 

and the courage to disturb the "cleavage between the sacred and the profane, between tha t  

which requires uncritical respect and that  which can be objectively analyzed."17 

The Cilmore article is a sustained documentar of the length (widths, heights, and A 
other calibration3 to which scientists go in order to Einstein's theory, purging it 

d' any particle of dogmatic belief. Scientists shoot moon, signal spacecraft 

250 million miles from Earth, fire atomic clocks into space, and run calculations, based on 

the bending of stnriight around the sun during an eclipse -- performing enormously 

complex, tedious and esoteric experiments. 

"'l'cbsting relativity is a tough way to make a living," says  Dr. Shapiro. 
"First, t h e  tests usually involve fantastic amounts of data,  In one test I 
was involved in, we gathered no fewer than 4x10'' bits of data  (that's 
four followed by 11 zeros). And then we had to boil all these down to 
something like one digit." (Gilmore, p. 5 9 )  

"Wtb have about 8000 roles of computer tape," Dr. Shapiro told one 
scientific gathering, "which, if unrolled, would reach back and forth from 
West Virginia to Massachusetts several times. And sometimes I think 
would be easier to do than to interpret them." (Gilmore, p. 62) Tat 

D i ~ t .  ii)r all their elaborate attempts to falsify or empirically confirm relativity 

thcw~.j., scict1tist.s appeal. LO btb actually "woting" for Einstein, an ironic demonstration of 

"Among scientists ~ntwested in relativity, there s tems to be an  
irndel.cuwtmt of emotional attachment to Einstein's theory, a hope that  the 
old master will turn out to be right in the end," reported a recent article in 
the journal Sc icwc .  That may be unscientific, but there does appear ts be a 
fvcling that Einstein. who has been hard to prove wrong f ' o~  more than half 
.I ccmt111.y. now dese iws  to be considered right. (Gilmore, p. 641 

0 
Coming as i t  does n e d y  at the conclusion of the article, this admission that 

srirnt.ista n1.r nohsimply I-ational automata, but. human too. also serves a rhetorical 

function LO attach an everyday sense of justice to the constant inquisition of experiment. 

Scientists a r e  not presented a s  so detached from ev6ryday experience tha t  they a re  

itlienuted from the common person. Scientists a re  just more determined to reach the 



- 
objective truth. less willing to accept even an  ext.remcly powerful theory. until t,hr\ 

b- 

institutional and normative imperatives of skepticism have been sat.isfied. 

1 

Although some m y  unscientifically root for Einstein. even as t.ht3-y try his thcorios 4< 

- 3 

in the in the court of skepticism, the ethos of disinkt.cstedness prtbscg.vt.s the inltlgvity or 
b 

scientists. The "rigorous policing" and "exacting scrutiny of fcllow expi?rts" thttt is cntdl td  

in the "public and testable character of s ~ i e n c e " ' ~  and the ethos ol' disinterestcdncss mtb;ms 

that scientists produce knowledge without favour or. ptxjudicc. This srlf-policing ;lnd thc 

integrity of knowledge and action that come from it arc critird Lo the p;~bl~c ;icc.cptiuic.c ol' 

scientific knowledge and authority. Because t h t ~  ethos ptwhibits it.. scit~ntilic. k~iowlcdgc~, :111d 

scientists are trustworthy: 

The possibility of exploiting the credulity, ignorance. and dc~pcndc11c.i~ ol' thc 
layman is thus considerably reduced. Fraud, chicane, i~nd  i~.rrrspon.ril)lc 
claims (quackery) are  even less likely than among the "stvicc" profkfisions. 
To the extent that the scientist-layman relat.ion docbs t~tvomt. ~ )~ l r a rnou~ l t .  
there develop incentives for evading the* mows of sricnrc.. 'I'hcl d)irsc. of' 
expert authority and the creation of pseudo-sciences arc  callcd ink) pltby 
when the structure of conl~wl exercised ~JJ?  qualified cornpcc~s is 1wdcw.4 
ineffectual. I "  

The meaning of life 

100,000 cit-c~lStion.~" In an ai'ticle covering the Fifth Intc.~.national (:onfi.rxww or) ~hc.  

Origin of Life a t  UC-Berkeley in July oF1986, Ihvidson depicts scicntisl.~ a s  arl 

life. "tempers have flared, scientific ~,cputations firuntlcr~d, and I ' r i cnds l~~l ,~  sour.c!cl" ovc.~ :I 

"gaggle of possible answers." (Ilavidson, p. I ) 

Rhetotixdly, this article accomplishes a disparagement of' origin-of'-lifi~ stud~c*h, 

li 
rendermg them a s  incredible, and pseudo-science -- an exemplary warning of the 

consequences of deviation from the norms of science. The theories are  reported in a 



C 
\ 

sequence that moves outward f k m  probability and upward on a scale of grotesqueness: 

the origin of life is presented as the chance cornhination of chemicals in a primordial soup; 

descending from creatyres emerged from crystallized clay -sits; as the spew of 

undersea vents; as borne on comets and meteorites that crashed 04 earth; and as 

dclilcrately deposited on the planet by aliens. 

- .  . 
The field is a "tiny"'and an "emotional one," represented as having more to do 

with personal beliefs than fact. Critics from "legitimate" disciplines a re  drawn on for 

comment, and s u g g e ~ t  that "origin- of- life researchers, eager to prove some pet theories, 

have prc~duccd a huge pile of terrible science, really poorly done science tha t  just doesn't 

stand up." Chemist Robert Shapir o is accredited critical commentator s ta tus  

t h l ~ ~ g h o u t  the article, describes 

... havlng a tainted 'reput esembles the one, in days gone by, of 
;1 muidem of doubtful virtue, whose every appearance in public was 
accompanied by a background of unpleasant whispers.' (Davidson, p. 1 )  

'I'hcl Icading theory, that life originated when electrical energy passed through the 

primcvul atmosphel.c to produce amino acids, the basic units of organic life, is reported as 

Iwing disprovcn in subsequent understanding of the compokition of' that early atmosphere 

and con~rridictions in the amount. of time such an evolution would take. Stanley Miller, the 

theory's proponent is repregented as "still clinging" to a modified version. The critics " a r ~  

dismayed," by this behaviour, and a s  Shapiro is quoted: 

Many origin-of-life scientists "have not responded to increasing adverse 
cvidtww by questioning the validity of' their beliefs, in the best scientific 
tradition: rather, they have chosen to hold it  a s  a truth beyond all question, 
~hercby  enshrining it a s  mvthology," Shapiro charges in his book, 'Origins . 
- A Skeptic's Guide t the c r e a t i d  of Life on Earth'  .... (Davidson. p.2) 

Sh,ipiro here is the spokesperson of organized skepticism. as if the title of-his book 

did not clearly indicate. When the norm is not followed, Unquestioned beliefs become no 

better than enshrined mythology, equivalent in rhetorical terms to the 

fu~idamentalist/creationist interpretations of the origin of life. 
- 



Generally rare  in the sample of articles examined, in this arliclc the yhysicr~l \ 
1. - 

appearances and personality quirks of scientists are  given prominent pltyv, They ser.vtl Ltr Y, 

reenforce the confirmation-by-negation of the norm. Miller is a "short, mild munnertd" 
, > 

man, "whose eyes da r t  about nervously and whose softspoken comments sometimelj tmi l  
C 

off into mumbles." His chief antagonist over a specious scientific* argument is "Fox (IT 

Miami" a "tail, rather handsome man in his 70s, with a cunning smilc." Thc cxchunge 

reported between them is pettf and ill-tempered: 
i 

Like generals on opposite sides of a battlefield, Mi1lt.r and 170s ti;~vc ~i 

relationship tha t  is less than cordial. Fox, Miller said, "spt!uks in, Id 's  say, 
a different tongue. He doesn't talk scientific sense, in my book." 

Fox responds that Miller feels insecuw because the originul 
experiment wasn't his but, rather, th>at of' his doctoral supervisor, U r c ~ . '  
"Stanley did a good job a s  a technician. but it's a question whether I1l;~t's 
enough to earn a Ph.D," Fox added coldly. (Dnvidson, p . 3 )  

-. 
Neither speaks scientific sense, but rather a discrediting discouwe. Elspwtic~~.i~, onp 

of the theories is described as "flamboyantly i~.rcsponsiblt- ... wantan, amusing, p~.otnisc.itous 

fictio;." The final insult of the article juxtaposes the "scientific" theories, now t.hor*oughly 

discredited by the deviant behaviour of their proposers, with "owt ion  scicwc," which 
I 

teaches a literal interpretation of the Bible. The origin-of-lik scientists "scorn oncb 

viewpoint eyen more angrily [than the most outr~ageous of their own] --, that ol' t h  
'It 4 

creationists." - 

"Everyone who is hq.e believes there's a scientific solution Lo the rwot~lcrn 
of the orign of life," Margulis [Lynn Margulis, a Boston Ilnivc!rnil,y 
biologist] said. "Nobody here thinks thercdis an  'extt-asensory' solulion or 
theological solution or 'divine intervention' so~utio~n." She is an athcisr ar~d 
thinks many other biologists a re  a s  well, (Davidson, p. 5 )  

This is the ultimate offense. Clcarly throughout the articlc~, thc va t  ious t.hcr~lwb:, i1t.c. 

presented a s  beliefs, vociferwusly, un&ientifically held -- a s  unyucstioncd, as cnshr~nr-ld, 3s 

mythologized a s  creationism, so adroitly referenced a t  the close ol'the articlc. Suggesting 

tha t  many other biologists a re  atheist drops the debate to one motivated by dogma, and 

most certainly attaches a negative rhetorical value to it. Origin-of-lire science is relegated 
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r 
to the status of' 3 pseudo-science, fi t  only to cont&id8with other 

And finally, in the closure of judgment, one A. Graham 

pseudo-sciences like 

Cairns-Smith, proponent of 

the theory that life began with inorganic matter -- arisen fro? clay. Cairns-Smith has been 

9 
pyeviously described, virtually a s  the pagan ,god Pan incarnate: "a slight, witty man with 

-a puckish grin and curly dark hair:" 

"It's a half-baked subject," Cairns-Smith joked. "Sometimes 1 wonder 
whether it's real science." 

"But that's what cutting edges a re  like." 

This comic piece illustrBtes Me -ton's warning observation that one of the s 
connections between science and the social order, is one in which esotevic science has 

- .. 
Iwcome a popular mysticism.*' The increasing complexity of science and the specialized 

training necessary to understand or produce it has meant that scientists have "necessarily 

subscribr~d to a cult of ~nintelligibi1it .y. '~~~ The understanding gap between the scientist and 

the laity has been extended so wide that the lay person must take an faith "publicized 

stutcments about relativity 01. quanta or other such esoteric subjects" tha t  run counter to 

common sense. Science and esoteric knowledge are  often linked in a vocabulary of 
-> *' 

j~opularization that seems to stress, through invoking wonder and amazement appeals, the 

dissonmce between scientific knowledge and common sense. The danger, +Melton warned -- 

a( u time when the racialist policies of fascism were b&ng given scientific camouflage -- is 
P that such a mode of communication can become part  of the mechanisms of dominance. 

Tlw pt.esumubly scientific pronouncements of totalitarian spokesmen on 
race or ecpnomy or  history ore fbr the uninstwcted laity of the same order 
as announcements concerning an  expanding universe or wave mechanics. 
111 both instances, the laity is in no position to understand these concept~ons 
or to check their scientific validity and in tmth cases they may not be 
consistent with common sense. If anything, the myths of totalitarian 
theorists will seem more plausible and a r e  certainly more comprehensible to 
the general public than accredited sc i en t i f~  theories, since they a re  closer to 
common sense experience and cultural bias. Partly as a result of. scientific 
advance, therefore, the population at large has become ripe for new 
mysticisms cbthed in apparently scientific jargon.23 

- < 



What Merton did not anticipate was the contribution his own work would make to a 

a 

that process, nor that the closing of the gap could beco~m one of thc ways in which scitwrtt 

continued to be mystified and used in cont~.olling social order 



* 
Part three: Critical linguistic analysis 

Don't you src that the whole aim of Newspeak is to narrow the range of thorrght? I n  
the end we shull make thoughtcrime literally impossible, becausc there will be no 

u)ortls in which to express it. E v e y  concept that can ever br needed, will be expressed 
bby cxact1.y one word, with its meuning ridgidly defined and all its subsidiary 

rnct~nings rnbb~d  out urul forgotten ....' Hus it ever occrrrred to you, Winsfon, that by the 
yew 2050, at the very latest, not u single human being will be ulivr @o could 

rtndcrstund such u conversation [LS we are having now?' = 

- -Syme, philologist and compiler of the Eleventh Edition 
- of the Newspeak Dictionary, to Winston smith .  

George Orwell, 1 984.24 

As defined in the preceding methodological chapter, the language of popular science 

communicution works in a n  ideological manner  to control meaning. A characteristic 

linguistic. S e a t u ~ ~  of this ideology is the dislocation of meaning from a specific contest  and 

c.onc.t.ctc cxl)1.css~i7T with c lew cause-and-ef'lkct statement,  and the movement, through 

syntuctk  t~.ansfor~mation, of the ~-epresentation of an  event having cause or- agency - 
towards a ~.cinttb~.p~.et.ation that  locates it in a context presenting more general or less 

immetli;~t.e causation. At,t.ribution of agency 01. causality is weakened 01. deleted by selection 

or ,hsr~.;~c.tion ofcllkc.1~. coupled with a n  exp13nation of' those transformed effects by 

causes of highel, g e n r ~ x l i t y  or at)st.raction. In this way, ideological work can be 

C 

I n  'popular science communication, the ideological work accomplished is to deny any  

soc.id contingtmcy or iincertainty of scientific knowledge, in order to create and maintain 
d 

its a u t I ~ o ~ . i t a t i v ~  status.  Thc ideological conditioning at work will be located through 

c l ~ a u g ~ s  involving passiv~zation, upent dcletion. ~wvotding,  norninalization and embedding. -- 
'l't~srs will btl :\nal.vsi.d Sol tt-ansSo~.mations that  move the 1.epl.esentation of scientific 

knowledge or methodology away fi'om a n y  social contingency, or  recast i ts  certainty and 

authority in a n  id6alized manner.  



Performing a l inguist ic-bas4 analysis on whole tests ,  as distinguishtul from t.ht1' 
, '  ? 

sentence or  phrase constructions tha t  a r e  the  usual g ~ w u n d s  of such unalyses. would bt. u 

daunting task. It is not possible within the scope of this thcsis to &womplish such an 

analysis. (Indeed, there a r e  few attempts.  The most o u t s t q d i n g  is Ttwn A. van Ilijk and 
I' 

- - 

Walter ~ i n t k h ,  Strutegies of Discourse Comprehcnsion, which a t tempts  to dcvelop :\ test .ud 

linguistics based on cognitive and interpretive processes. Over 4 0 0  pages of unalysis fo l rw 

from a two-page text  d rawn from Ncwsumit magazine. Evcn so, the nuthors do not claim - 
e s h a ~ s t i v e n e s s . ~ 9  Th$ developrne'nt of' more soph~sticated computer-assisted text.utll 

analysis based on artificial intelligence languages and linguistic syst.cbms may pennit t.llis 

type 'of "megacontent. analysis," or "content mega-analysis." Howtwx.  fiw tht. p u ~ ~ p o w s  ut , '  

6.f . i, - 
hand. a very careful selection from the repertoire 01' an:il.vt.ic tools has  Iwen ]nude. T h e  

a t tempt  to use these tools appropriately follows from certain assumptions rnadcl :dlnul 1.h~) 

larger textual characteristics of' popular science communiwtion. 

Typology of, popular science t e x t s  

% 

I t  is useful to make a further distinction within the  range 01' popular ~ c i e n c e  texts 

in the  process of analysis. Of the two social purposes g,rene~.ally granted p o l ~ i ~ l a ~ .  sclc*rlcca 

communication -- the  creation 01, dr!velopmcnt'of science 1itetac.v and the provifiiorl ol' -p- 

information appropriate to decisionmaking on issues involving scicnw policy -- thc. Ijl,.rt 

type is closest, to exposition. 

In ihe sample under analysis, fbr example, thew an: articlcs that. ~ i r c ~  rnor.ca 

explicitly dir&ted towards infiwminp policy. Policy ;~rt iclcs arcb those* such ;IS t . ho~o  o n  t h c a  

space shuttle program. One series, wr.it.ten in 10H 1 befi)rc a n d  at t.hc. tirnc* of' the firs1 . 
launch, looks a t  the endeavour in terms of' numtw~.  ol' questions on t.hc k a s i h i l i ~ v  of' the* 

program against  a technical background. Another set, written in 19Hfi in the* wake of' tht. 

destruction of the  shuttle, addresses the question of r.esponsibility, technical and other, fiw 

the  explosion. Both clearly involve public issues. On :he other hand, a number of' the 



articles have no obvious policy connection. Examples froin the  awards  sample include 

a r t ~ c l e s  on the new theoretical physics, the continual testing process involved in acceptance 

of reI;~tivity theory, or  the construction of a space telescope. These las t  would seem to be 

simple exposition of scientific knowledge, which requires no public decision. 

Cloitre and Shinn s e t  out a typology of scienLific exposition that9can be used to 

ch;lructehze specialist, inter-speci$list, pedagogical, and popular forms.2" 
0 

Tes t s  arc1 analysed according to three categories of discursive features: argument,  

lx~filrcnt, and imagery. Classes within these categories further specification of features. For 

c~xnmple. thc ~ w f i w n t s  one might find used in scientific exposition would include 

I h t ~ m o n h ,  the* material entities or processes that  a re  the objects of discourse: the  d 

c ~ s l ~ c ~ . l ~ n c n t a l  protocols and techniques used in the scientific practice, including methodology 

; I I , ~  Inst l.iimsnt;,t~on: &scaruh results in allied 01. neighbourinp fields: histo~.ical a ~ 4 -  -' 

?- 

a 1 ~ 1  indust.l,y, including technological and economic factors. 

Irn:iger!. can be furt.her specified: graphs; geometric plots; icons, or "natural1' 

~~c:pt.t~sc~ntut.i(ni s i ~ c h  a s  photog~.apFls 01. drawings: reified imagery. 01. the  iepresentations of 
. -- 

tllcwc~t.icul t\nritics ~ i n d  forces; scllem:is. or selected st i~uctural  features: and metaphors,  

\r.hlr.h in Cloitr.i> and Shinn's definition a r e  linguist.ically based, multiple-veferent 

constructs. 
A 

* 1, 
i 

Argument in scientific esposition is I-estrictive, that  is, circumscribed in order to 

? 

.wh~c~vc\ 111 C W S I O ~  01' In which p~mposit~ons x c  strongly entailed: qumtl ta t ive;  and 

qu:~l~!:it~\.c. or i n t i ~ i t ~ v c .  

When this system is used to describe scientific texts, certain pat terns  serve to 

ch:wacte~-ize - the different types of exposition. Specialist communication, by this scheme, 



makes  much more use of references to experimental pl.otx)col m d  phenomena. u s ~ s  p11y11 

imagery,  and restrictive, qunn t i t a~ ive  argument.  Such spccitilist exposition only wt\ukly 

Popular science texts  can also be identified in the field of scicnt.ific i~sposition :is 

? - exhibiting more strongly certain qualities of discursive fi.atu&. C1oiti.y and S h i t ~ ~ >  nottb 

especially the  stronger presense of historical referents, the predominanw ofYconic iknd - 
metaphoric imager~r ,  and  the preferred use of qualitative arputnc~nt. 

Scientific exposition can be viewed a s  n continuum, and t,he various I v p ~ s  ;IIY 

placed within ii according to the characterizing strength or  weakness 01' libat uves ~ I . ~ ~ M ' I I  

-- 

from this typology. Scientific exposition i s  a y ~ t  of dist.rit)ut.ivc fitbld, Iiktb u gr;1Inln;il,, 

r a the r  than  a set of exclusive branchings. A,,-\' scient./fic text. could incldc.  it11 or. rn;\rl! 01' 

the f'entures. I t  is in the strength of manilkstation or of'~.clat.ions among I IN. l i ~ ; t t i ~ ~ ~ ! ~  I , V ~ N ~ ~  

and qualities t h a t  determines the &turtb of the Le'xt. 

Popular exposition, f ' o ~  example, "Anosr  alwavs cont.ains LI cluantlt;ttivc~ 

dimension." But the quanti tat ive arguments  or elements f'unction not to 1.clinc. arid rchstr.lct 

with analogic imagery more frequently used in other texts: 

The  knowledge derived horn the type of' communication strongly c h a r . a c ~ c . r . t ~ ~  t ) y  

the  use of metaphoric imagery,  non-quantitative argument ,  r e f r e n t s  other than 



phenomena or the  observational techniques used in the examination of phenomena is 

mystified. I t  IS: 

[Dlugeneratrd knowledge ... knowledge which is so  constituted so that  the  
nature a n d  relationships of its component elements totally preclude a n  
unequivocal, o r  even, a coherent 'multivocal' g rasp  of the  p h e n ~ r n e n a . ~ ~  

> 

r 

But while such degenerated knowledge impedes a reconstruction of phenomena, it 
A 

p~wvides a n  excellent substitution in an  "elaborately extra-phenomenological cluster" t h a t  

g v c s  the exposition a persuasive coherence and usefulness. Cloitre and Shinn provide a 

usel'ul "wholc. text" parallel or fi.ame for a n  analysis using linguistic categories on smaller 
k 

ttnlts within k x t s .  The transfo~.mations of transactive and nontransactive linguistic models 

rn tlw texts undet. anal8sis is in te~pre ted  in much the s a m e  way -- as degenerating the  

context and contingency of scientific knowledge in ofder to I-eipscribe it in new models that  
I 

give i t  m o w  powerful coherence and certainty. In popular science communicatio'n, the 

I)ound;ir& of' meaning a r e  blurl.ed in traqsformation, both metaphprically and 
d 

synt.ar.tically, and new meanings cveated. Critjcal linguistics seems more appropriate to 

rxpos i t r ) ly tex~s  -- as defined by Cloitre and P i n n  -- than to the type of "provision of 

," rx~lc~vant policy." Rhetoric. adequately analyses the policy texts. as tha t  is iks  function -- to 
- ,  

~~c~~.su : rdc~  ~,irl,lir.s on issues of concern. Expositorj. texts a r e  more direcdy about knowledge 

c-liiirns. no less idt~)logic.aI, but less permeable to rhetolkal  analysis. 

In [.he following analysis the direction of the transformation is traced through the 

\.n~.ious 1inpuist.i~ 11xwx-iptions ent.uiled. ,and i t  is suggested tha t  the process prefers new * 
tnc~;lnings that cmhnncc authority. 

Thc mystifying universe 

The fivst sequence of transformations examined is in the 1982 award-winning 

cti.ticlt> by Timothy Ferris. "Physics' newest frontier," from the  New York Times 



c 

Responsible for the  breakthrough a r e  new theories ol' physics -- known us 
"unified theories" -- t h a t  seek to improve scientific understanding of how 
nature  functions from the  very smallest tt) the very liu-gest sculc. Thest. 
theories[,] which stand on the  frontier of physics. iwc most p~'eciscly 
expressed not in wo~.ds. but as mathematical equations. They imply thttt d l  
the  known forces in nature  a r e  manifestations of one bns~c. ~ n t t v w t j o n  und 
tha t  once, long ago, all werc part  of a single unive~.srtl I'OPW or  process. 
IFerris, p. 37) 

- 
C In the first sentence of this sequence, the oddly awkward thematic fi-onting of 

1 "responsible for the breakthrough" attr ibutes an  .igcncy to thtk new t\lc%~.ies, while bury11ig 

2 
the true agents -+  the  scientists who produce the theories - -  and even f ' i l~thc.~ u s u r ~ ~ s  the* 

of' the ~.elat.ions or. conditions of' pi.oduction has  becln lost in this t~.ansfi)r .rn~it .~or~.  Irl I';~t.t, 111 

the next phrase\ the anaphoric function ( the  repetition. or carlying tmck , of' t hi1 Iwonoir ti 
i 

And as if to lift them decisively out 01' the sphcl.c1 of'hurnan rnlluctw., t h ( ,  rriSw 

theories stand on the f ront ie~.  of' what is known, a l r u d y  char,actc!r.izc.d as  hc.ing "rnost 
/ 

among scientists, but: 

Like archeologsts unearthing the ruins of' an ancient city, theorjsts arc 
uflovering the outlines of a Rew, more profound and, . in  mmc. way%, 
simpler physics .... Werris,  p. 38) 



- 
The knowledge is not constructed in a n y  sense, but exists  independently, only to be 

P 
uncovered and expressed in mathematics. 

B 
I3ut scientists a r e  not just drones, labourers without power of their  own. Sqientists 

have their own agency, to wield the  power scientific knowledge provides. Almost all of the 

vt.~.bal models in which scientists figure in this  article a r e  transactive, with scientists as 

c thc subject ~ ) a r t ~ c i p a n t s .  

f'hysicists, theorists, and experimenters sec~k. probe, ponder. discover. uncouer,~ 

rrnc~nrth, sc2rJ, c'nrrrsion, f ind. report. strcdj,. reason, culcz~lntt.. postuluie, formulate, predict, 

rnru~sligcrto, uxplorv, and reconstnrct. The verb forms a r e  s t rgng mental  process agentive 
- 

modc~ls, and most ol' the activity is. of course, connected to cognitive processes, to the  

rnanil~u1at.ion of' knowledge. Notable by t.1wi1. abvense a r e  verbal forms which might be 
P 

;issoc.iatcd with inow ambiguity. modally less certain verbs such us spccr~lnte, interpret. 01. 

clvchn hclrc~rw. 

=r, The. agency of scientists practising knowledge is strengthened by contrast  to a 

~ c s t u ~ l  t~nvironmcnt of nonti.asactivity. Phenomena in tht) universe a r e  described mostly in 

n o n t ~ . : ~ n s a c t i v ~  models, and figure in the text a s  sell-generated, acausal ,  m~ls ter ious .  

h1;ignif:v .your view of this letter -- s -- one million -times, and you can see 
thc molecules the ink is made of. This is the  realm of chemistry. Magnifv a 
billion times more, and you can see  the a toms the molecules a r e  m a d e  of -- 
the ~ ~ d m  of a tomic  physics. Select one atom, magnify it 10,000 times, and 
you a1.e inside the nucleus -- the realm of nuclear physics. (By now we can 
no  longer see: light. wltvcs have become as large as Pacific, groundswells 
vicwed fvom :t ~ m w b o a t . ~  Smash  the  nucleus and its particles disintegrate in 
;t t w n b  I~l:~st of still sm;dlcl. pwticles. This is the  wol4d of the particle 
i)h\,sicist. (E'c1.1.i~. p. 381 

Jlqerllt; is a x h i g u o i ~ s .  Is it ;I command:' If so, from whom? 01. perhaps  the  delected subject . h 
/ i? 

P 
somronrb can be read back into the surface construction, as Someone mpgfiifies. The  context 

-L 



- 
suggests tha t  the  someone is the scientist, applying magnitudes of power to visiour t.0 

I 
increase the apparen t  size and  acc&ssibility of different realms of phenomena. 

The  s t rangeness  is intensified with the  shift in pronouns from you, 1.0 &. \.err, 

attributed with the  powel. of science, have mapnifitbd pheno~nena  millions and billions of' 

t imes (boggled perhaps, as Clotre and Shinn would suggest, by the  orders of rnugnitudv 

involved), put  yourself in the nucleus of atoms, and smashed t h a t  n u c l t w  t.o ~ u s t ~  :\ twrnt) 

blast. The  inclusive we, now including the author of the art,icltb and t?sclusive of' sciei~t.i..it.s, 

become blind and bobbing on a n  alien sea  of lightwaves powct~f'ully swelling f'rotn t.hc 

energy of some distant and unknown storm. Wo have been suddenly st.rippcd of'  thcl powcl. 

of science to magnify, s m a s h  and retain contxol ovel. phenomena. Thcb climax of' t hc* 

sequence is a n  explosive disintegl.ation into complexity. But, out 01' the chaos of' st~.nt~gc* 

forces, (sometimes seeming in oul.'contlvl, sometimes not.) at t.heir most cnt~pcbt.~c., t.hc* 

particle physicist emerges.  I t  is :I miraculous birth. "This is t.hc world of' t.hc* j)~lt . t . ic.Ic.  

T h e  other levels oT power, of magnification, art* the l w l m s  of'dillbrent., t.ratfitior~al, 

disciplines within science. This movement, itself' is :I neat  picu. of' Icxicaliz;~tion that 

classifies diffel.ent levels of the  material universe 3s the regal holdings of' scicsncc!. I h r  t.h(o 

most  powerfulr-ealm is tha t  of the pal.ticle physicist, who e rne rphs  in person t o  t.akc: 

possession of it. 

The object universe 

the power of' scientific knLVledgr can act: 

The universe, as astronomers have  fi)und, is expanding, the c1uster.s of' - .  

galaxies hurtling a w a y  from one another. Run the expansion hnckward, 
physicists reason, and you come to a time some 20 billion yearfi ago when 
everything m u s t  have been smashed together in a s t a t e  of titanic hea t  and 
density. (Ferris, p.4 1) 



The universe is cxpc~nding is a nontransactive, the universe expands, transformed 

with the  auxiliary be and the aspectual form -ing, to a model t h a t  ostensibly expresses 

s imul tmei ty  with a specified period of time -- in this case the  present. Bu t  the surface 

fiwm expanding takes on some of the syntactic s t a tus  of a n  attribute, and the  construction 

a relational one. Thus,  expanding is a transformed construction moved towards a s ta tus  

moly of a state.  I t  is employed both in the  syntactic position and with the assumed 

meaning of a n  adjective. 
I 

P 
B 

At a deeper level, the structure of the first sentence could be recovered as. 

Astronomers hclvc' fbicntl th(1t the universr! is expunding. (In ~ n ~ m a r k e d  
'2 

Astronomrrs find x, x = Tltc universe expc~nds.) As,'functioning as a 

intr.oduces the transactive phrase ustronomers lzuvc found. This transactive is in the pa& 

rensc., perkct.ive aspect. Tha t  is, the action is completed, and more certain. This form, 

using I U I I J O  as auxiliary, in addition to being a temporal form, also shows t h a t  temporal . 

rel;ttions a r e  at. least partially understood in terms of possession. Completed actions a r e  

In this sentence, then. we have a structure in which the universe is again 

a p p r o x h i n g  a state-like condition. This s t a te  of the  universe appears  highly energetic, 

coml~leu, and mvskrious.  Scientists appea l  clearly as agents, with temporal priority of' 

act.ion, and having a degree of possession over the Giverse .  The universe is a t  least the 

objt~ct of' their understanding -- scient.ist.s have found it to be expanding, the galaxies 

h111.rling. ~ t n d  in that discow1.y t h y  have taken a form of possession over it. 

1 '1~ t.~.aject.or\: of t.his transformation is made clearer by the next, sentence. The 

nontrans;\ctiw cxpclrzdi'ng has  been transformed into a nominal. expansion. This 

t~.;insformation completes the  effacement of agency in the universe, shifting thematic focus 

from the participants or  causal agents of action to process. The  change of verb to noun 

entails a corresponding shift in the range of meanings: process moves toward state,  



1 .  

activity toward object, specific toward genet-al, and concr.ete toward abstrnct. A complc~s of 

relations is collapsed into a sin& entity. 2nd that. entity enters  into new conatrurt ions - 

with a different function. 

In the case of this  sequence, nominalization allows physicists to appeal. to 

manipulate the  process of the universe expanding, w e n  to running i t  backw~tt-d. Ph~ys~cts ts  

remained empoweredFy their knowledge, able to tl-ansactively apply ~ x x m m  1.0 t.hp 
\ 

univel-se. The effects of applying this scientific reuson n w  to once again spuclulizc titnib ; m i  

move from a pvesent (in which the universe is expanding) to comc L o  L\ past w h i ~ c .  thc 

'universe is completely changed. Matter  and energy a r e  one, but.,t.hc~ pliysicis~, syntactic.i~l1~~ 

at. least, s tands  outside the  moment of'cr.eat.ion, assuming ;t perslwctivc and ;I Itowel, 

previously only at tr ibuted to gods. 

The lives of t h e o r i e s  

heor?& take on a life of their own J 
m a y  a p p e w  to give birth n) them, theories 

Thus:  

in popular scienccl accounts. Alt.hough scic~ntists 

quickly seem to iissirrnc autonomous s t . a t u ~ .  

The concept of ant imat ter  originated a t  the climax of' a pcriotl of' itria~scn 
intellectual ferment t h a t  s a w  the birth of a r.twolution in physics. 'I'his 
activity resulted in one of' the most powcrf'ul dcscliptions of' nat.utxb tbv tb l  

conceived -- quan tum mechanics, which h a s  been called hv Mur1 .q  (;i*II- 
Mann " that  magnificent and conl'using discipline." (Fisher, p. I )''I 

$ 
An early unified theory, created by J a m e s  Clerk Maxw$ in l X ( i 4 ,  
established t h a t  electricity and magnetism a r e  asrwcts of a s3nKlcl c~titit y ,  
the  electromagnetic field. Maxwell's success in discc~lming unity t)c.h~ntl 
wha t  had seemed to he separa te  intwactions has ~ n s j ~ i i x d  1,hvicists c2vcbr 
since. t Fer~. is ,  p.14) 

\ 

Theories ma?. have their genesis with scientists, t ~ u t  111 t.he p t w e s s  of' 

t rm-do~  A ation, move further and f'urther f'rom this sou~rc . .  garning power and cc.r.tatnt.y 

The generative agency of scientists is progressively removed as the scientific mc~hot l  rr;i 

seen to tes t  and refine a n y  contingency away .  In C. P. Gilmore's article, "After ti:$ yearh, 



why are they still testing Einstein?", a cycle of certainty is run over and over again 

thr.oughout the text. The account of a candidate theory is presented first as  i in stein's" or 

as helonging in some way, a s  to "the reigning giant of physics ... Si r  Isaac Newton," or a s  
i 

"according to Einstein." As theory develops this origin is suppressed or transformed'. While 

still quest@mble or "revolutionary," it is associated with its proposer. Once confirmed by 

the ot~jective criteria of science, theories a r e  alienated from such possession, i,n linguistic 
I 

concert to the rhetorical movement that  establishes their conformity to the ethos of 

disinter~estadness. In the. transformation, certainty accrues. Thus: 

Mass is not constant. either, he mid,  but it will appear to change a s  the 
~.elative speed of the mass and the observer measuring it change. The 
h s k r  something goes, the more massive it appears. Light doesn't move in 
straight lines, but is bent and slowed by gravitational fields. And gravity is 
not simplj' a force acting a t  a distance between two bodies, (LS Newton sc~id. 
Einstein viewcrl gravity a s  a warping of the fabric of space. iGilmore, p..::58) , . 
iEmphasis added.) ' 7 

J' 
J'ct, only two paragraphs later, the identical pl.oposi60ns a re  made, but the 

linguistic'li)l.mulation attaches much more certainty: 

Relativity predicts that size and mass change with speed, and by how 
much. It  predicts that  the flow of time is different a t  different speeds, and 

* 

again by how much. It  predicts tha t  light bends in a gyavitational field, that 
\ the speed of light is slowed by gravity, that time is slowed by a ' 

gravltationttl field. that gravity and acceleration a re  the same thing, and 
that accelerating bodies produce gravity waves. And it gives numerical 
values in a11 cbf these instances that can be checked against experimental 
~ w u l t s .  (Gilmore, p. 591  

"Rclativity" is the clear subject operator, and drives a series of parallel 

ronstl.uctions that subordinate mass, the flow of t.irne the speed of light, both syntactically 

in suho~.dinatc cl;tuses. and in verbal models that are  principally ~.elational rather than 

xt.ional. In  the first sequence. an informal usage. coupled with a weakened modal 

certainty r- including a numbel of negations -- present. a less authoritative account. The 

ptx)posit.ions about phenomena are  thematically fronted. even though in the underlying 

structures they are  predicate clauses. The focus suggests a precedence over the agency of 



the proposers, a relation tha t  is reversed in the second sequence. whew theory has 

primacy of place and action. 

These exemplifications a r e  par t  of a larger system of linguistic tl.unsformuttions 

that  kupress or alienate any contingency from the representation of scientific knowledgv. 

Further, t,hey a re  supplemented with other linguistic strategies. such a s  at.taching or 

attenuating certainty to scientists 01% theories, or focusing on thc x c u ~ x y  and p~wision ol' 
, C- 

measurement or instrumentation -- so a s  to enhance thc I-eprest~fitut.ion of' scientific. 
.. 

knowledge a s  authoritative. 
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CONCLUSION: 

. 
QUESTIONING AUTHORITY 

Authority implies some warranting: authority can only be exercised over those who 

consen1 to it, and to have authority is to be able to induce compliance or  belief in another. 

The inducement draws its force from some legitimating principle, in respect of which both 
- 

1):wties consent to a n  unequal relationship of power. But though there m a y  be a n  

incy uital,lr. dist.ribution of power in svch a relationship, the consensual na tu re  of author i ty  

mu?. px~vidcb grounds Sol nepot.iation of legitimate power. As  Connolly h a s  suggested: 

Authority is effective because the  parties believe it to be grounded, to be 
justified by relevant considerations. Thus  superior knowledge or 
incumbency in a special posit,ion, the parties believe, justifies voluntary 
obi*dicnw by I3 tm A's initiatives as a m e a n s  of supporting broad social 
interests and objectives. But c e n t r ~ ~ l  to the idea of authority is the 
possibility tha t  t,hese beliefs might be mistaken 01. faulty in particular- 
cases. Wr. can thus have efrective authority t h a t  is not grounded, and 
grounded author it.^ that. is not efrective. Debate? over the proper limits of 
aut.horit.y, then, can be understood as efforts to establish considerations 
that warwnt ,  or ground authority and to state the limits within which these 
w a n x n t s  p ~ q ~ e r l y  o p e ~ x l e .  ' 

I'opular sriencc c.ommuniration is a kind of' textual negotiation of authority for 

scic~ncc. a n d  its community of' intel.ests. But the negotiations themselves remain unequal in 

popular science communication, as the previous chapters have sought to demonstrate. 

f'opida~ science. t e s t s  persuade with a kind of degenerate knowledge, or a t tempt  to 

~ w t i t u t c  ;in ~ ~ ~ t k q l ~ i ~ l  ~* t+~t ionsh ip  of' power th~wugh discursive controls. The grounds on 

whtch :I Icpit~mittc autho~.ity might be estrtblished a r c  eseluded from understanding. or 

~xwxtin limited to the specialist domain of scicnce. ' 
0 

With the  potential for power systematically closed from negotiation by the  modes of 

communication employed, all tha t  remains to be determined is the  manner  of deference to 



the  authority of science. Popular science communication works prinripully to espund, not 
r 

limit o r  condition, the warrant.  of science. The  idrologicnl chru.ucteristics of the 

communication work to obscure o r  suppress the possibility of f:iulty or mistaken bclicf, i1 
t 
\ 

\ 
possibility which in the political domain reserves somtb of' thc power Of t . 1 ~  w i \ ~ ~ i i n t .  k 

The previous chapters have atkempttd to demonst,l.ut.c thnt p o p u l ~  scienct* 

communication operates in two modes to secure u public w;i~.~.anting of' sc i t~nw.  The  

persuasive and controlling modes both tuvn on autho~.ity. 

a s  referenced to a special ethos that  was  ;i meas1cl.e of' t~.ustwort.hincss illid ;~ut.h!)rit.y. ' ~ ' I M ,  

"moral" character of' scientists in terms of' this ethos WAS ~n;iOt~ 1 .h~ '  I ~ P ; I S L I I X ~  of' scic\nw. 

P contingency For greate l  authority. The connection to any human agcbnc>I inli)rmcvl 1 ) )  

legitimating principles that  might he examined and  yucstioned is therc~try t.rat~-sfi~tmctl i ~ n d  

thcb mechanism of authority in science itself' is hidden, distocat.ed f'rom sl~c.~cifics of' c-otitc*st 

and causal relations. 

T h e  v i r t u e s  of' r h e t o r i c  

.- 
*+. 

personal virtues of s c ~ e n t ~ s t s  1s a persuasive strategy,  not a n  e x p o ~ ~ i o n  of K C I ~ I I L ~ ~ ~ C '  

knowledge. Texts a r e  constructed not to inform decisions, hut t ~ )  guide them. - 



This is thc legitimate function of rhetoric. Given the  barriers to understanding 
Q 

prcsi*ntt.d by the specialized nature  of scientific knowledge, the boundaries erected for i ts  , 

prwluction and certification, scientific knowledge mus t  be translated into common te rms  if 

it is ~o t ~ e  communicated. Howevev, the "common terms" of the  rhetoric used in the,science 

popularization texts examined in this thesis a r e  ideological in origin, and  the  appeal to 

them serves more to naturalize this ideology, than it does communicate science. 

'I'hc ideology is particularly useful in articulating science and the social order. The  

sc.ic.nhisl, is rx~presen td  a s  a model citizen of liberzil democracy, balancing individual and 

puI)I~c intt~rests in the free operation of a voluntary community t h a t  evolves unive~~sal ly  

valid st;lrid;l~ds ;IS authority. In addition, 3 s  the  production of knowledge is bound up with 
;f 

LIII catl~oh, ;I t . l ~ ~ s t  in the ethical behaviou~. of'scientists translates into t rus t  in the  

f i h t ~ t o ~ . k  nccd not b e  malignant. There is a morai aspect to rhetoric, a s  Rom H a ~ x  

At.istot.1~~'~ tllcofy tends to enhance the moral standing of all concerned by 
c~nl)h~is iz ing that '1.1ietx)tk is the counterpart of' dialectic,' and he supposes 
t . h ~ ~ t  tlw ultim;ltc> pcl.sunsivr discoi~rsc. is r.ational .... Dialectic, the theory of 
col.r.cct ~.ch~isoning, dcbfines what is l)rwptbl. in a scientific discourse. Rhetoric. 
thtl t h l ~ o l ~ \ ~  of' ef 'f ' tdve ~~ectsoninp, defines what is potent in a persuasive 
cliscoil~~sc~.' 

I'opirl~l. science co~nmunication as practiced, however, is immoral manipulation 

. d ~ . c ~ s o i ~ ~ . c c s .  .4 vit-ti~ous ~.ht%toric. of' populal science communication would not impair reason 



Meaning under control 

Cloitre and Shinn --- than  to the  type of' text  that  seeks to guide and inf'nrm public. i ss i~cs .  

Rhetorical analysis  is  adequate to the,policy tes ts ,  matching them in t ~ t h  fot.m und 

function. Expository tests a r e  more directly about knowledgci (or knowltsdgtb claims),  no Icsx 

ideological, but  less permeable to rhetorical analysis." 

T h e  linguistic analysis  pkvided evidence to suggest I-hat popula~.  sc.ic1nc.e 

communication tends to use modality to indicate a l~thor i ty  and tlevClol, ii ccw,ainty of' 

utterance. even when dealing with theo~xt ica l  concepts in science. This movcxrnt*nt 1s ;iki11 

to the process in science itself tha t  Kuhn' described as the "invisil,ilit! of i.c.volt~,t.~otl~." 

Kuhn notes that  thc'sources of' a~rthor.it.y in science ( a s  well as t h c ~  p o l ) i ~ l a ~ .  ;~nt l  

The temptation to w~.i te history backward is both omnil)rc*scnt A I W J  
. 1 perennial .... More historical detail, whether of' scieni-c's prcscwt or. of' its 

past. or more responsibility LO the histmicul details tha t  atxl pt.cwwcd, 
,, coyld only give artificial s t a t u s  to human idiosyncrasy, iwor. ,  and 

confusion. Why dignify what science's best. and most pcrsistcnt c f h r t s  h;rvc 
made i t  possible to discard? The dep~vciation of' historical I'a('t. is dt.~bl~ly. 
and p~,obabiy f'unctionally. i,ngrrintd in the idPology of' the* scichnlific. 
prof'ession. the samth prol'ession that  places the highest 01' all vi~luc*..; trljon 
factual details of' ot,her sorts. .I 

The presentation of' scientists a s  having tlic j)ower of '  ager1c.j. - -  ; i t ~ t J  I ~ ; I I  ~owc-r 

deriving from the nature  of' the knowledge they possess - -  is also an  u t i ( h ~ ~ . l y ~ ~ r g  ssc.rnurt.ic, 

t rus t  and belief' in the  efficac!, of'scientists and scic~ntifir ktlowlcdkc~, t ! s t ;~ l~ l r s l~~r~g  i t 1 1  

While contingency is suppressc~d or absent,  mcasui~cmcnt ;1cc111.;1~~. ; I I M J  

methodology-(which cannot adequately be interpreted bv a nonscicntistr a r c  fi)r~epr.oundc.d 

to evoke certainty in popular accounts. Popular science texts appc:w ~o convt!y inli.wrna~ion 



\ 

13 1 

4 

atmut the activity of science and the nature  of ' the knowledge it produces, but  do not deliver 

it. In this, science popularization reveals its characteristics al;. a language of control. 

Q u e s t i o n i n g  a u t h o r i t y  in t e x t s  

The analysis forwarded in this thesis res ts  on the  adequacy of the  understanding it ' 

~ ~ r o v i d c s  of the nature  of popular science communication. But t h a t  adequacy, in turn ,  is 

l ~cs t  measured in terms of the pragmatic force it h a s  in countering the  persuading, 

c o n t ~ d l i n g  nature  of papular science communication, or in at least enabling a more open 
, 

qircstlonlng m d  negotiation of authori ty in p o p u l a ~  science texts. 

The st.ruggle with texts is nb a vitiated version of more significant action. but a t ~ - - 
neccssarv first int.crvention. As Gunther  Kress presents it: 

C)l~!a~.ly, words alone will not interrupt  the processes a t  work. how eve^,, a n  
u n d c ~ ~ s t a n d i n  of  the idcbological and political effects of texts. and a n  
understanding of' theit f'unction in all social, economic and political processes 
is ju'st one, but a necessarv p a r t  of a s t ra tegy for intervening in the  totality 
of' lhesc processes. It.-is important to know w h a t  texts come i r h  being via 
whosc agency; what  readings a r e  constructed in t.hese texts,  and how tlwy 
might be ~ v s i s t ~ d  or subverted; what readers a r e  envisaged for these texts 
and how these ~.endel.s a r e  positioned in these texts. Strategies to counter 
(.hi. wcig6t of the dominant forces in this field art. political st.rategies can%d 
vi:k linguist.ic~text.uul m c a n ~ . ~  

kl ndchrst:indin,n w h ~ i t  discoutst- is. and how i t  constitutes reading posit.ions based on 

sociiil P I ~ I C C '  and I'unct.ions 14) position waders ,  a r e  important  elements of a s t ra tegy of 

oly)os~tion. KIWS suggests that the task of analysis should bt. to inten-upt this ideological 

~'ositioning I)! ronst~~uct. inp t e s t s  which of'f+r different. ~ ~ l t e r n a t i v e  positions. 01. in anothcv 

Attempting iu develop a sus ta inabl t~  practice or habit of critical reading -- rather 

than crest in^ various positions in which a reader might find himself or herself -- might be 



a better s t m t e g y  for avoiding subjegition 

sustain the  power of interpretation of the  

by disc our st^. Any tes t  i ~ d  st.r:.rttlgy t.hut docs not 

sympathetically motivated. P a r t  of this ongoing ncgotiut.ion o f -uu tho~i ty  must involw~ t h t b  

production of texts tha t  do not a t t empt  to control m c m i n p  and position ~- t~ ; tdc~ . s  pl.~niwily 
-7 

as receivers, passive interpreters.  

Every social action, cultul~al  product -- 01. test  -- is u rc3sorirw fi)r< c r i ~ i ~ t i n g  1n~;11111igs 

The forms of analysis  that. a t tempt  to extract  singular, autho~.it.a~.i'vt. 01. sciCnl.ific. ~iic*;ini~jps 

a r e  inadequate. O r  worse, they a r e  repressive and seek t.o i~nl)osc;rnc~;l~li~l:: in ~1 1.cs1 r ic . t~w 

- 
' interpvetation. An alternative method .of wading,  of' analysing tc.st.s, is n tdcc l .  O I W  I hirl 

meaning. 

sociological examination of' scientific discourse in 4 self-r~cflc*xtvc. mode, thiit s c ~ ~ k s  .I rnol c b  

equality 

The word and the world 

The style is a play of' p - i r e s ,  including letters. orrc--act dl anas.  intcr.vrt.w 

transcripts ,  s traight  scholarly dissertation, and other formal gamings. Thc! c:ohcrrng h : u s  



is on a ve1.y scientific dispute: the  process of oxidative phosphorylation in cell 

orgrinclles called mitochondria. 

Mulkay derkmstra tes  t h a t  the textual practices employed by the two scientists on 

ofipositt! sides prevent understanding: they a r e  locked in a n  unresolvable struggle over 

interp~.etation in which each of the participants asser ts  a privileged access to the  factual, 

real discourse of truth. The textual practices used in the  struggle a r e  imported from a 
/ 

genre (that  of' published resea~.ch papers)  that  uses a n  authoritative, empiricist repertoire 

of' meaning, ~1 repettoire tha t  requires a social and scientific outcome of subordination 01. 

superu~.dination in discourse. The problem of' meaning cannot be resolved. 

Mulkay is also at work demonstrating that  a social understanding of science can 

I(&ad to ptwluctive p1.actic.e~. The p~wblem manif'ests one of' the  processes of producing 

scic~n~ific. knowlidpc. elucidated in sociological analysis. Scientific knowledge is seen to be 

p t d u c t ~ d  IJJZ i n~e l~pwta t ion  directed by agtved upon methodology. If and where such 

~ ~ t x m d u w s  produce incompatible, incornmunsul.able accounts? it is the interpretation that. 

m u s ~  t ~ e  negotiated. In the case of ' the "ox phos" debate, negotiation breaks down -- or 

I ~\rhc11.. is inevital~l>- doomid to t'aili11.t. - -  because thc. monologic f'onn of' texts used by both 

scicmtists dcnii.s the int.erpt.et.ive work that  produced them, and leaves little or nothing of 

I?or his own work in this analysis of inequitable communication, 01- asymmetrical 

I cbl,itlons of' I N I W C ~ I .  in ti'sts. M u l k a ~ .  provides a n  "analytical dialogue." He opens his 

Intcqwc>l,tt ion to ontl of' thc pvincip~!ls in the scientific dispute, first in an  exchange of 

and ~ c c ~ p t c d .  opposed. or negotiated by one of the social actors. I t  is a type of 

pfrt . lcipat~ry ~'esearch,  similar in some respects to the type of audience-based 

communicvtions research undertaken bv Morley. 



/ 

T h e  intrepretive process in these eschtinpes confirms I he importanrv of diulopic 

discourse for both natural  and  social sciences. I t  focuses on two 

na tu la l  science, and their treatment in the aspiring social scien 

discovery. Both a r e  textual procedures -- accounts of phtuno'mena. or  discoulw -- rntuiling 

interpretive strategies. 

I n  science, experimental replication is used to validate 01. vet if:^ knowltdpt~. Ilg 

"proving" that. certain facts persist through different c~spei.imental condit.ions. \'didation is 

at once linked to both sameness  qd-difference. That is, ~vplicution conliims iin 

interpretation in a pr-ocedure suficienlly difl'went. so as not to 11r m e w  1.cpet.it.iori 01' 

phenomena (a logical impossibility). but suficicnt . l~.  similar t.o tw construed :is ;I 

dekrmina$ion of the same,  and' t.hewfo1.e "ob.jcctivc" or I I Y ~ I ,  f'ncts or ~.elat.ions. . 

interpretative accownt t h a t  allows consttuction of' two diffibrent rncunings I'rom thc saintb 

da ta  -- ~.eplication, similar yet  diffwent. I t  f'ollows that meaning an~llyt.ically dcr.ivc*tl I.Yorn 

texts by sociological (01. a n y  other)  analysis is also interprwtivc~ly accornplishcd. 

But  this c h a ~ ~ a c t ~ ~ r i s t i c  of analysis nccd not I)c tiiktm a s  a cviticisrn, i~nljirgnirlp 
h 

eithcl  natura l  science methodologies o r  sociolgical ones. Mulkay turns  a f ~ ~ ~ ) t ) l t . m  in r~)  a 

resource. Analysis shortld btb ~xdlexjvc, dialogic, and create a n  awarcnesh ol' k x t  a s  L, 

resource from which the  interpretative work of' analysis p~~oduces  ( 1  rncuning or. spbc.rfic. 

meanings from the potential multiplicitj.. Analysis must, not htb dc!t.t~rrnining of' its I~.xls: 

This self-referential quality of' analysis is f'urthel dattor.akd In a oriel-act ~ I L I V .  A 

scientist and three sociologsts begin a n  argument  about replication. In the  course of' thv 

play, the  dialogue makes  a "strange loop" and the  characters come to exchange positions 



-. 
and repeat each others positions (t6e sociologists in their turn claiming replication 

procdur-en prove sociological theory, the scientist critiquing such proof as a convention of 

thcoryand a socially negotiated process). The point also made is tha t  their texts are  
/ 

infinitely reproducible, similar- but different. Social negotiation of meaning at the basis of 

both nqturnl and social science observation is demonstrated with its authority both clearly 

visible and argument held contingent on consent to its legitimating principles. 

The same sort of analytical dialogue i s  undertaken on discovery, a 

similar wealth of' meaning. Discovery: 

... is not to be treated by the analyst a s  a distinctive kind of action or 
ptwluct, but a s  a method whereby a particular intrepretive status is 
attribyted to specific actions and/or textual products by those i n v o l ~ e d . ~  

M u 1 k 3 ~  exposes the authoritv of sociological analysis by opening it to other forms 1- 

p ~ ~ r ~ i r u l a r l y  literary f'orms -- in a st~wggle to maintain a consciousness of textuality, and 

enhance the equality of interpl-etive exchange. 

Parody of author i ty  

B 

hlulkay provides -- with a virtuosit .~,  but one tha t  undercuts itself so a s  not to 

prt'vent its us~ful ly being taken-up by analysts and readers alike -- a textual strategy 

s i t  i tclbltl wmmunicating about science without. conceding the struggle for- authority. He 

dr;lws attention to the mulLiplicity of potential meanings of social action a s  text in fbcusing 

1,ike analysis. parody is a scwndru-y text t,hut is based closely on an  original, but 

r l ~ t ~  difTi1i.s in ways that allows observa~ion of'esscntial meaning (a replication technique), 

.tnd that a s s t ~ s  it rermin superiority of interpretation (a  discovery 'technique, in so doing. 

hlulkay merges s ~ ~ ' i o l ~ , ~ i ~ c l l  analysis and parody to create "analytic parody." a form that  is 

at the same time richel- in meanings and more appropriate to the phenomena of discourse . 

In its self-referentiality. 



Whereas conventional sociological analysis claims inkrprtbtjvc ptsiyitt.ge Tor 
i t .  own text, analytical parody directs attehtion ~o the possiblity of curr&-tl: 
out diverse kinds of sociological analysis, that is, saying various new nnd 
interesting things about the production of the social world, by means of any 
and every conceivable literary form (including of course.n8"onc, textual form, 
conventional a n a l y s i ~ ) . ~  

This proposal begins by seeming eccentric, but achieves an explicit and cont.inuully 

acceded authority in i t s  eqosi t ion of techniques of analysis. 

Social science and communications seem driven in their normal opera~ion to fix 

meaning in "scientific" methodologies, giving interpretive nnal.vses an nut.horitativc I L ~ S I .  

Illulkay, who has perhaps penetrated further into science with sociological andysi.; t h t ~ ~  

most, has seen the essential absurdity of that paradigm Ii)l. social analvsis. TIM. c.loscbr tlw 

approach of' the social andvs is  to the object of analysis, the morch the ob,icc't d~ssolvc~s inlo 

the relations of the malvtic discourse. 

Nondeferential treatment of science 

Science might be better communicated in fiwms thhl pa1-ody a ~ ~ t . l ~ o ~ . i ~ , y .  so I hi11 i l  is 

always consciously assented to, argued for. and legitmated in u mannrv t l ~ i t  docs rlol 

abuse understanding. It is difficult to imagine the character of' such chan@-s, ; ~ t ~ ( l  mor t .  

difficult to imagine t.hem realized. Science popularization has twcn vclry u..;c!l'i~l in  i1.s 

present form. 

In the'discourses that accompany the domination of' meaning, that art. i(Jtwlogic.al 

movements, the anomalies - -  thc a l~wn~i t ives .  opj~ositions, amhiguitics. ~ h c .  diss~nrrng 

negotiations -- are reconciled: s u p r c s ~ ~ d .  or transformed. The  contingc~nt and sociaf i t -  tn;~cli# 

to srem natural. and the uncertain ma& u~ sccm obvious. Krcss: 

The accounts provided within one discourse become not only unchallenged, 
but unchallengeable. as 'common sense.' I f  the domination of' a particular 
area by a discourse is successful, it provides an integrated and plausible 
account of that area which allows no room for thought; the social will have 
been turned into the natural.'" 



There is a method of questioning authority, suggested by Richard Sennet in 

drawing on th8 work of French novelist 'Andre Gide, even a n  authority in which 

Icgitimliting principles a r e  systematically removed from negotiation and naturalized. I t  

involves a "dernocriatic deformation" of the reproduction of power relationships, a reflection 

vn rrbyme that  a t  the s'ame time distorts. 

A reflection which is not quite the original has  a social a s  well as a moral 
dimension. ER a b y m  suggests a method for thinking about how the 
reproduction of power can be disoriented. The method is to t reat  controls a s  
.pr.opositions rather than axioms at each echelon. A proposition can be 
validated, disproved, or seen to be both true and false. But if a t  every point 
rn a link the validity and implications of a rule have to be discussed. then 
an active, interpretative search for the meaning of power is inaugurated, 
the activity of authoritv-making itself.'l 

This method i q u i r e s  entering more consciously into dialogue with texts, with the 

. authwitv in texts. Dialogue, a s  Mulkay also suggests, is a form of discourse especially 

' 
suited to caxplicit inte~pretive work, and brings into the open interpretive work hidden 

behind the authority of the test. 

1)ialopur in its dialectic. spirit of contradiction, turn-taking, pro and con 

charx te lk t ics  has alwavs been a form conducive to thought and the resolution of 

p ~ d ~ l c r n s .  It was also the form in which the first systematic written attempts a t  scientific 

popul,irization were cast. b?. B e r n a ~ d  Le Bovier de  Fontenelle ( 1657- 1757) in the 
I 

seventeenth century. l 2  Fontenelle's Entretit3ns sur la plwditie des mondes (Conversations 

o n  this I'lrrn~li!\~ of' Worlds. 16861 was a "brilliantly successful popularization of the 

Copeim~ran s!,stem, which. until that time, had achieved very limited acceptance." and his 

u+o~.ks s t w ~ d  a s  "thtl single most important bond between the philosophical-scientific 

~xbvolution in pvocess during his lift; and the philosophe movement just getting 

underw:iy." I s '  I:ontinelle was a forerunner of the Enlightenment, engaged in a project. of 

combining knowledge of nature and knowledge of human nature, before such attempts 

turned to ideology. h s t q r i n g  something of the vitality and innovation of tha t  time and tha t  

form to science popularization might p r d u c e  a transformation in the relations of science 



and the public, and restore something of the  equity that has bcwn missing &-PI- sinre that 

time. 

CODA 

-Albert Einstein, 1!)4H. 
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