» ' DOCUMENT RESUME

LReC H

} - ED 077 673 : o SE 015 897
7 AUTHOR Funkhouser, G. Ray - o *
. ) TITLE ' Workshop on Goals and Methods of Assessing the

Public's Understanding of Science, November 29 and
) 30, 1972, Palo Alto, California.
INSTITUTION Pennsylvania State Univ., University Park. Materials
Research Lab.

| . SPONS AGENCY  National Science Foundaticn, Washington, D.C.

REPORT NO NSF-GM-35058 . .
PUB DATE 26 Jan 73 e
NOTE 126p. - _
o EDRS PRICE MF-$0.65 HC-$6.58 :
¢ DESCRIFTORS - *Conference Reports; Cultural Environment;

Information Needs; *Mass Media; Public Affairs
Education; *Public Opinion; Public Policy;

) *Scientific Enterprise; *Scientific Literacy:
Workshops - ’

ABSTRACT

A ; - Descriptions are included to illustrate the workshop
objectives, particirants, agenda, and sessions. The five sessions
~were concerned with the following aspects: (1) *Why Public - :
Understanding of Science at Al12" (2) "What Publics Should Understand
What Science, for What Reasons?* (3) “The_ Experiences (including .
problems) cf Science Communicators;:;* and (4) “what are the Most
Important Rescarch Questions wWhich Could Guide Public Understanding
of Science Activities?® Five papers distributed to particirants prior
to the conference are included in appendices with headings: Publ c
Understanding of Science: The Data We Have; Problems, Publics, and

. Stages of Development in Public Understanding of Science; wWhy should
the Public "Understand™ Science? Public Understanding of Science: the
Problems and the Players; and The Obstinate Audience. Also contained
is an agenda of the conference. (CC) -




ED 077673

US DEPARTMENT OF HEALTN.
EDUCATION 8 WELFARE
NATIONAL INSTITUTE OF
EOUCATION

- THIS DOCUMENT HAS BEEN REPRO
/ DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIGIN
ATING 1T POINTS OF VIEVS OR OPINIONS
STATED DO NOT NECESSARILY REPRE
SENY OFFICIAL NATIONAL INSTITUTE OF

’
N F'“AL REPORT ) EDUCATION PDSITION OR POLICY
P e

Workshop on -
GOALS AND METHODS OF ASSESSING
THE PUBLIC’S UNDERSTANDING OF SCIENCE
" November 29 and 30, 1972
__— Palo Alto, California

-

The National Science Foundation
Grant No. GM35058




P

Final Report

Workshop on "Goals and Methods of Assessing the Public's Understanding of Science'

November 29 and 30, 1972
Palo Alto, California

*

The National Science Foundation

(NSF Grant No. GM35058)

by

- G. Ray Funkhouser
The Pennsylvania State University
Materials Research Laboratory

University Park, Pennsylvania 16802

January 26, 1973




Workshop on

"Goals and Methods of Assessing the Public's Understanding of Science"

: Lo
Locale,. Participants, Agenda -

As an aid to fofmqiating various NSF programs of reéearéh in the area
of public understanding of science, the subject workshop was held in late
November, 1972, at Rickeys Hyatt House, Palo Alto, California. The con-
ference was supported by the Office of Government and Public Programs of
the National Science Foundation, was organized by G. Ray Funkhouser, Rustum
Roy,.and Ernest M. Hawk of The Pennsyivania State University, and was chaired
by E. G. éherburne, Jr., Director of Science Service. This same group to-
gether wiEQ’Rs E. Stephens was respéﬁsible for planning the agénda and select-

ing participants.

The participants were selected to represent their respective specialities:
working scientists, professionals engaged in communicating science to the pub-

lic and communication researchers. They were:

James Butler, Director of Communication Programs on the Public Under-
standing of'Science, AAAS ‘ ] -
G. Ray Funkhouser, Assistant Professor of Communication Research, The
Pennsylvania State University L
Ernest M. Hawk, Research Assistaﬂt, The Pennsylvania State University
Eric Kay, Director of the Materials Science Laboratofy, I.B.M.
Philip Klass, Associate Professor of English, TherPennsylvania State
University and science fiction writer "William Tenn"
Hillier Krieghbaum, Professor 6f Journalism, New York,Qn{versity
~ Margaret MacVicar, Associate Professor of Physics, M.I.T.
Harold Mendelsohn, Chairman, Department of ﬁass Communications, ﬁniversity
of Denver ' 7
"Frank Oppenheimer, Director, "The Exploratorium,” San Francisco, California

David Perlman, Science Editor,’§§5ﬁFrancisco Chionicle

John Platt, Assoc. Director, Mental Health Research Institute; U. of Michigan
David Popoff, Board of Editors, Scientific American )




David Prowitt, TV producer, q .E.T. . ) I
'Walter 0. Roberts, Director:‘University Corporation for Atmospheric Research
Rustum Roy, Director, Materials Research Laborato:y, The Pennsylvania

State University ‘ '
Wilbur Schrrnm, Director, Institute for Communication Research, Stan-

ford University ' - . .

E: G. Sherburne, Jr., Director, Science Service

. Richard Stepheis, Program Manager, Public Understanding of Sc1ence,

N.S.F.

James W. Swinehart, Associate Professor; School of Public Health
bniverslty of Michigan -

Ph1111p J. Tichenor Professor of Journalism and Mass Communicatlon,
University of Minnesota

Serena E. Wade, Associate Professor of Communicatlon, California State
University, San Jose )

Charles Weiner, History of Physics, Amcrican Institute of Physics

Robert W1lcox, Dean, Graduate School of Public Affairs, Univ*rsity'of

R [

Colorado - . ——

The program for the ‘two daysris included, in the appendix.

-

Pre-Confere&ce Preparation

S

Prior fo the conference, four papers were prepared and distributed in
order fo provide all participants with some ‘common background on the problem .
area. The complete texts are appended to this report, and the principal

themes of each paper are abstracted below.

"Public Understanding of Science: the Data We Have," is a research
review by G. R. Funkhouser. It summarizes empirical research to date regarding
public knowledge and attitudes toward science, and also describes existing
research on the process of communicating science to the public. Additionally,
since a number of different publics are included in the sphere of "public
understanding of science," the paper describes important demographic differ-
ences between the general public and other publics such as scientists, intel-

“ lectual elites and concerned citizengs. .




—
_ E. G. Sherburne's paper, "Problems, Publics ahd Stages of Development

in Public Understanding of Séieqce," develops a model of public problem

P

“Msdlving involving six developmental stages: Preparatory, Problem Definition,

7%olution Formulation, Decision-Mak+ng, Implementétion andrEvaluation. He
goes on to hypothesize that in each stage there are varying degrees of in;
volvement of five different publics —- the Leadership Public, the Communi-
cations Public, the Interested Public, the Genera@ Public and the Young
Public. ' : .

Rustum Roy's paper, "Why Should the Public Understand Science?" develops
the thesis that American citizens are "tourists" in their own culture —- that
they can*cope'ﬁith it, but have no true familigrity with or feeling for the
scientific and technologicaf aspects which are coming to dominate it. Uniike
other aspects of culture (philosophy, art, etc.) there is a real and growing
need for increased programming of the'public}sfu;Eerstanding of science,
since it is new and expanding rapidly. Further, because of its newness, it
has not had time to berincorporated into the myriad other ways by which a

society gets its citizens 'on board' in important facets of culture.

"Public Understanding of Science: the Problem and the Players" is a
review b& R. E. Stephens of current prbgra@matic efforts iﬁ public under-
standing of science. 1In addition to projects. being s#bpdrted by the National
‘Science Fouﬁdation, he describes efforts 59 such groups as the Nepartment
of Agriculture (extension agents), NASA, AEC, EPA, the Ford, Markle andr
Russell Sage Foundations, the AAAS, the AIé: the ACS, the IEEE, the AIAA

(American Institute of Aeronautics and Astronautics) and SIPI (Scientists

s

Institute for Public Information).

In addition to the above, a copy of the "The Obstinate Audience' by
Raymond Bauer was included in the pre-workghop matefials. Originally pub-

lished in The American Psychologist, this article is an overview of the

possibilities of acﬁieving societal changes via communication. A tentative
list of research questions and a supplementary bibliography on the topic of 7

"public understanding of Science rounded out the pre-conference package.




Content of Sessions ) 5
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The workshop was conducted in five sessions, following (somewhaf flexibly)
the set‘agenda. Given tﬁe diversity of the participants and the goals of &he“
workshop, no attempt was made to develop any congensus except in the area of
‘the priorities for needed research. ﬁath-r, as wide a range as possible of
ideas and opiniéns were solicited by the,chairman. No attémpt was made to
‘define "science," nor to ‘'ifferentiate it ‘from "téhhnology," on the grounds
that no such distinction is made by the general public;b;hich, taken as a
group, has a broad, loosely defined conception of "science," Also, the decis-
ion was mdde not to discuss the role of §econdary schools in public under;
standing of science, since this is a toﬁic which receives the céntinuing
attention of- very large ofganizgtional units, as well as being the topic of

~f,periodic conferences. It was noted, however, that the products of the second-
ary school system become the target gﬁdienze for all later science understand-

ing efforts, and hence changes in their characteristics are';mpgrtant.

»

The followihg reports on the individual sessions reflect these strategies,
and hénce contain what may seem occas%pnally to be contradictory information ’
~or a lack of sharp focus or central theme. Rather than shaping the proceedings

of the sessions into coherent packages, an effort has been made to treat them
inALapporteqr fashion, as a means of re-creating the environment out of which
therproposals for research emerged. . i

Session 1: "Why Public Understanding of Science at A11?"

- ‘AyAlthough this topic appears rather philosophical, the organizers reasoned
that it is generally neglected in discussions of public un&erstanding since
people uéually want to move quickly to the "real action.” 1In fact, this senti-

~° ment was voiced more than once during che workshop also._..A.number of reasons
were offered as to why the public should understand science. One group of con- -
Acerns rzflécted the feeling that the public is out of touch with the culture

in thch it lives (of which science is a_pervasive and important component) .

] due to its lack of understanding of sci;nce and technologyg:‘Possiﬁly‘this dis-~

harmony has even reached the point of being a disaffection with not only science

. but with intellectual pursuits in general. More public understanding of science
% . *




could help correct this and possibly enagle more citizens to" appreciate
the philosophical_and aesthetic qualities of the scientific enterprise and

thei; relation to societal, national, and human goals.

7 It is easily demonstrable that in the political sphere, more and more
decisions are bteing made which involve technical considerations, and thus
it would be well if the general public were better informed, if for no
other reason than that our political system places a high value on "an
informed citizenry." Also, since a eignificant fraction (about 6%) of
the Federal budget is allotted to research and development of one sort>;f
another (z large part of this money appears under defense and space), the
public has 5 right to know in more detaii how its money is being spent.
Possibly; a public with a better understanding of science might be inclined
to allocate more of its taxes to scientific reseapch‘and development towards

nationally approved goals.

From the po*nt of view of industry, the public needs to understand
science and technology better to help it to buy and use products involving »
new techno{ogies wisely. Also, as more and more jobs demand technical skills .
and understanding, better public .understanding og science would contribute to

a labor force more suited to the demands of modern industry.

Instrumentally, the public.needs science information as a tool in their

1iVes, for making decisions regarding consumer products, medicine and politi-
cal issues (especially, in recent yeers,,involving ecology). There may be
some anomalies and irretionel aspects in the waf that "Middle America" views
science. For example, it may qenneét the rise of science in the past few
decades with a concurrect'deteficietion.in the~queiity of their lives, a
notion which,might be mitigated by a better understanding of science. 1In

the extreme case, the public might have to be able to understand science and

technology simply in ‘order to survive in a hostile environment.

Firally, there are institutlons such as the AAAS and the NSF which pake
-— ~as part of their missioﬁe'keeping the public informed on developments in mod-
- ern science, both the results and the ehterprise itself, both the good and, .
the bad aspects. False images of science held by the public ought to be cor-

rected falsely negative impressions as well as falsely high expectations.-




Some poinéb were.raised, howeéer, in disagreement with the'apove reasons
for communicating a better understanding of science to the publie. The point
was made'thaﬁ—the notion that better- public understanding of science would
}lead to more positive feelings was an untested assumption -- that dismay,

'rather than satisfaction, might be the outcome of the publicrg learning

more about the modern scientific enterprise. I; was also suggested that no
public has ever understood science as well as does the U.S citizenry of today,
and that this knowledge, rather than ignoranée, might he responsible for cur-
rent public disaffections. Both these assumptions were challenged, however,
because currently available (but highly limited) research evidence tends to
indicate that the buBlic has relatively positivé_fee%}ngg_;oward science .and
scientists with little evidence but imprgssionsgandfahétdotes to demonstrate
any kind of broad public disaffection with science or its correlation with

increased understanding. C - . .

- -~

é It was further suggested that; in the short run, the average citizen
really doesn't have to understand science and technolégy very well in order
to get by in his daily life, and probably noi‘iﬁ the realm of'policy decisions
either. Also, it was noted that too zéglous an effort at increasir e pub-

lic understanding might be perceived as'a "public relations job," a.. .ave a

"boomerang effect" of decreasing the public's regard for science and scientists.

C p— .

Session 2: "What Publics Should Understand What Science, for What Reasons?"

In an attempt to describe the components of what may be held tn con- "
“stitute the "science" which should be communicated, a list was compiled of
different aspects of "science" which together would be a fair representation

of science.

¥ e -

This list included the fbllowing, which were not ranked in any way in.
the discussion itselfij(the grouping was done during the wpitelup phase).

A. Content ofréﬁiencé 7
1. The great generalizations of science -- existing thedfy.
2. Awareness of~the gbanging nature of the scientific enterprise.
3. Harmony of science vith the ﬁotal cultural environment.

B. Nature bf Scien;e

4. The viewpoints‘inherent.in science, . -

S

-




5. How science works.

6. The beauty, elegance and aesthetic qualities of science.

7. How real scientists function.

C. Impact of,Science on Individuals and Society . ~

8. Threats and promises of science.

"9. The impact of science on nature and on our lives.

10. The applicability of science to the avdience itself.

Following the chairman's presentation as vutlined in his paper, several -~ .

sSecific audiences or "publics" were delineated and discussed, and an effort

was made to re€late each public to those aspects of science which it needs
most urgently. The general public, it was suggesﬁed,.shqgld: (1) be told
scientists are human, (2) be made aware of the unavoidable responsibilities

of science, (3) be given a framework for understanding natgfe, not just iso-

lated facts, and (4) be given a reasonablé introduction to science so as, -

especially, to clear away myths and bogeymen. It was noted that public inter-

est and knowledge often seemed to be tied to events —- Sputnik, Eisenhower's

heart attack, moon walks, etc.; and the question was posed as to whether a

"crisis approach" to public understanding uf sgience might be misguided --

that a brqader; longer-range perspective might be a better idea. A recurring

theme wﬁich started here was that any program should try to provide at least

_that science which the public itself felt it needed, hence we ought to find

out from the publ‘e what it wantg to know.”™ - -

The young gdblic was considered to be important, since it is apparently
during the developmental years that-interest in, and appreciation of, science

" is engendered. Of all the publics, children and adolescents are the only

ones to which basic science can be conveyed very well, or in which the abil-

ity to learn in later life can be fostered. The opinion was expressea that

recent'develophents in science curricula have been directed too much toward

future scientists and too little toward future citizens, with twevpossible

outcomes: (1) a much greater soptistication among the top science students,

and (2) a diminishing of the fun, the interest and the wonder of science among

the average students. The possibility that we have too high an expectation of

what schools can accomplish was, however, also raised.




It was felt that the leadership segment of the public, which makes s
policy decisions, definitely needs to be informed on content and impli-
cations with regard to the scientific components of the ‘decisions they
are concerned with. The Communication segment of the public -- that is,
-editors, publishers, reuorters, writers, producers, managers, etc., in thel
information dissemination bueineee == was felt to. be important, since it -
controh to agreat extent the flow of information to the public. Their needs
included ‘the concept of a continuing science information regource and poesible
teaxing up with technical people. The "intellectual elite” have a significant
hand in the selection of important political and social issues, and on the
directions and style in which theee issues are discussed. This particular
segment is highly educated, very'articulate, politically leftish and hunanitiee-
oriented; and their opinions may be the source of most of the currently per-

"™T ceived "public disaffection with science.” But they tend not to be very familiar

with science, nor are they representative of, or in touch uith. the general pub-
lic. Their need s for a much more thorough understanding of the philosophy,
content, and methodology of science, at least remotely commensurate with their

" intellectual attainments in other areas. However, their antipathy to science and
technology appears to be deeply ingrained and possibly difficult to modify.

The interested“guﬁlic was seen s a segment that is reletively vell edu- 7
cated and already interested in science and technology at a layman' 's level.
This segment,. it was thought, would appreciate more information, more written
and broadcast material about ecieuce and more general conclusions. It was .
suggested that the current treatments of science in newspapers and televieion
are really aimed primarily at this "1ntereeted public," rather than at the
general public, which is at least 10 times as large.

_ Scientists themselves were seen as another public -- relatively small, but
__Vvery important in this context. In addition to finding out from scientists

’ uhetrthey think should be communicated to the public, and what they think adout
science (as an additional basis for deteru;ning what picture of science to pre-

sent and also as a gauge against which to measure the public's notions), it was
sugyested that perhaps some understanding of the nature, numbers and education of
the general public should be communicated to scientists (various spokesmen of

the scientific community have, in the context of public understanding of science,




evinced an understanding of the average citizen which is, to put it mildly,
highly imperfect). -

»

One participant suggested as a general rule "tell people what they want
to know, or what you want to teach them, but never what you think they ought
to know." This is in line with anothar point brought out, that people don't

usually pay attention to a message unless there is sonething in it for them --,h_

vhether it be a aaterial. instrumental, emotional, intellectual or aesthetic
gratificatizn. What special interest parties feel they "ought to know for
f;;if own good" rarely supplies such gratifications. On the other hand, the
history of public education establishes that a certain fraction learns even
that vhich it may not ¢riginally have wanted to know. However, the schools
enjoy a captive audience, while the public information media do not.

- Session 3: "The Experiences (including problems) of Science Communicators"

The workshop included several participants professionally invclved in
communicating science to-the public vij nevspapers, television, magazines,
museums and science fiction. While one cannot assume that rhe views of our
participants represent statii&ically the views of all their coIleagues;
they all are eminent and exp'erienced in their respective areas, and their
experiences, successes and problems are likely to be indicative of those of
others in their professions.

A fevw problems in cqllunicating science to the public via television

stand out. One is the expense -- a single 90 minute special can easily cos:

a quarter of a million dollars, and a 26 week series of 1/2 hour programs

~ would cost in the neighborkood of $1.25 million. Also, the television pro-
ducer has to work with the audience's definition of "science,” which is con-
siderably broader than that of academic scientists. Not counting weather pro-
grams (the most widely~known application of the science of meteorology), there
have been recently only about 12 total network hours per year (not including

news coverage of space shots) of science programming, of which 8 are on P3S.
According to our representative from television produétion. it is media ex~-
ecutives and intellectuals who have been negative sbout science -- science
specials on television are very well received by the general public. Audience
surveys on nationally broadcast programs could easily determine the facts.
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not as widely read as the research reports and the editorial.

R

r——— it ®

The amount of science reporting in newspapers has stayed at about the
same level since 1960, although there is about twice as much space given to
science now as there was in 1950. News coverage tends to center around
major (sensational) events, to the neglect of the non-news "events" that
make up the bulk of .science.  There are some problems with fitting science
into the format of a "news medium" -- making science into "news." Sometimes
different segments of a large project (e. B> research in Antarctica) are
separated out and emphasized for different audience segments, Another prot-
lem is in knowing how to play political stories that have elements of science
in them - ecology, drugs, ABM and so forth. Should they be played as politi-

can news, or as science? Until the era of "Yellow Journalism," scientists

wrote science news themselves. Even now most science reporting is done by

genera1 reporters, not scientists or science writers.

Magazines tend to be aimed at special interest groups, and as the focus
of a magazine changes, the'composition of its audience may change. Psychology
Today began by approaching professional psychologists, then went for a general
audience, Its circulation skyrocketed, but it probably lost much of its orig-

inal audience in the process.  Saturday Review picked "Science" as one of its

sub~magazine headings because a survey found a great reader interest in the

topic, and Scientific American (which used to be aimed at specialists) is now

trying to broaden its audience to include more educated laymen. Magazines
often take surveys of their readers to determine their interests and—their re-

actions to the magazine as a guide to content and editorial policy. There seems

to be a tendency that as magazines such as Physics Today become more political,
they go down hill. Aithough under Abelson the introduction of "news and comments'

gave the Science audience a better look at the science~government-society inter-

face, a survey of readers of Science found that "news and comments” was'still- -— '

VI

. People who go to science muSeums do so because they like it -- but little
is known about people who don't go. Last year 250,000 people visited ''the
Exploratorium,” 30% of whom had been there a previous time that year. The
average length of visit was 1.25 hours. Science museums don't usually provide
much _depth, and could with good advantage be combined with other experiences

such as reading or television. Some problems with museums are that (1) putting




up an exhibit takes time, so museums can't keep up with the forefront of
science, (2) exhibits can be expensive, and (3) there is a lack of rotating
exhibits that pass from one museum to another. One particularly bad problem

is when the people who run a museum get tired of the exhibits in it. The:

casual impression is that the average person doesn't get very much out of a

museum visit, but effects may be long range -- career choices in science,

for example. Several functions served by the science-museum were mentioned:
1) it providés a physical place where one can go to learn about science,

(2) it can be a focal point for interested groups such as environmental organi-
zations, (3) it can be a place a person can buy books and other paraphernalia
having_to do with science, and (4) it can be a place where people can parti-
cipate in actual scientific work. The science museum is claimed ‘to have an

advantage over other media in that its lack of time restraints and-its open-

‘ness can help draw in a wide range of people.

Science fiction was described as a popular art, more recently taken ser-

iously as Iiterature. The two original streams of science fiction -- gadgets

" and gimmickry a la Jules Verne, and the philosophical approach of H. G. Wells ——

have been transcended by.a 'new ﬁgve" that deals with questions of dangers,

social problems and énti—Utopias. Following the A-bomb there wa§ a great ex- -
pansion of science fiction, but the circulation of science fiction magazines

dropped sharply after Sputnik. At least in the early 60's, thé audience of

Analog mainly comprised applied scientists, engineers and science students.

Two problems that have recently éﬁerged in science fiction writing: (1) scienbe‘ -
and. technology have now restficted the scope of science fiction by actually )
d;ing many things that used to be the topics of science fiction stories, and

2) writeféxﬁave found that technology can be predicted very well, but that

the social effects of technology can't be. Science fiction on television is
probably, ovgrAphe long term, one of the most widely disseminated forms of

science in the ﬁation, and is apparently experiencing ajfapid growth at present.

Influencing or working through this medium could pay very rich rewards.

A general problem was noted with regard to the institutions involved in

communicatiné science (or for that matter any "serious" topic) to the public.

They tend to want such presentations to be "dignified," regardless of the effects
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of this on the audience. Typically, they prefer an approach beginning with
"Here Comes Science!" even though the effect offen is, "There Goes the Aud-

ience!"

Session 4 and 5: '"What ere the Most Important Research Questions which

Could Guide Public Understanding of Science Activities?"

The first day of the conference;established an inforoation basis for
asking questions about the proceés of éommunicating science to the publie,
and provided a common background. for the participants on which to oese the
discussion of research questions. The entire second day was devoted to posing
questions which need to be answered if the process of communicating'a better

understanding of science to the public is to be improved.

From the outset it became clear that one could not wholly separate )

research questions from the pilot or test-vehicle programsAwhichrcouloqbe

used for studying some of the reeearéh questions. The suggestions have been
grouped into four categories: (1) Overall research and policy strategies,
(2) The various publics, (3) Science and society, andr (4) The process of
communication. Taken in this order, the questions listed by the group were
as follows: '

Overall Research and Policy Strategies

There should be a more coordinated programmatic effort in Public
Under;tanding of Science. Preseotly'there is considerable fragmentation in
this area. Agencies such as AAAS and the National Science Foundation should
make an effort to define a more general framework for the program of Public
Understanding of Science.

Priorities are not crucial —— many things can_be done_in-parallel.--Pro-— -

grams should have specific objectives having to do with the publics to be reached,

kinds of information and the relative values of the various media.

Our assumptions in this area should be challenged and tested: Can we
reall& effect significant changes by manipulating symbols (that is, by doing
nothing more- than sending messages to the public)? What is the cost-effective-
ness of a Public Uhderstanding of Science program, or of the absence of the
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program? Does “more science understanding" lead to "better outcomes?"

Atkleast‘part of the research or programmatic efforts should be done on
an adequately supported, continuing, long-term basis. Individual studies,
done at different places at différent points in time, do not tell us much of
.general value. ‘

he3

The Various Publics i 7 1

P

<4 ; A. The General Public - ) .

-

1. Current State of Public Understanding of Science

We need to go beyond the "Gallup poll" type of measures of public
science knowledge and get a much deeper understanding of the interface be- -
tween science and the public. Knowledge, awareness, comprehension, attitudes,
opinions, images, expectations andApfiorities df the public regarding science
must be measured. Scientific influences on cultural and individual behavior
could t> measured as well. There is as yet no sciéntific evidence for aﬁgéﬁé;al
public dLsaffection with, or mistrust of, science, and some research should be
done in tuis area —- either dispelling such notions, or, if tﬁey‘ére true,
possibly demonstrating their origins and hence suggesting ways to correct them.
Any research in this area should be done on a longitudinal basis so as to pro-

vide a way of gauging changes in publicrunderstanding of science over time.

2. Public Interest and Information Needs

Before ény full-scale programs in communication of science to the
public are launched, we need to find out the aspects of science in which the
public is interested and what éhe public would like to know more about (al-
though the public may not always know that it would like to know more about

—— e -some;hing‘t0*which"it*haS“not”yet~beenﬁexpdSéH)T“’Some.research should be done

into how interest in science is developed, maintained, or fostered.

Research should be done on the available sources~ofiinformation on science
and how the public uses them —— what people want to find out, where they look
for the infofmatioﬁ, and what they do with it. Related to this, the major
science-related concerns of the bublic should be identified and perhaps tracked
longitudinally. l




We need to take a cleser look at what public dinformation campaigns on
science a;ersupposed to, and can be expected to, accomplish. Is increased
-understanding of science sufficier to lead to desirable changes, or must
there be ébnturrent social, economic, legal and/or ethical changes as well?
Will increased understanding of science generally lead to desirable outcomes,
or undesirable outcomes? How much time and effort can we expect the public

to devote to learning informatiqﬁ "for their own good," and how much infor-

mation from other fields (health, politics, education, culture) is competing

with science for the public's attention?

-

. . /7.
B. Scientists

Studies should be done to find out what scientists and engineers, in both
the academic and industrial worlds, think about science -- primarlly their
attitudes, images, beliefs and expectations. This would serve as a guide as
h to which sort of information and image might best represent modern science
vand technology (to be dseéd in conjunction with expert opinion on what it
should be), and also would serve as a benchmark against which to compare the
general public's understanding of science. (It is possible, for instance,
that the professional scientist is really not much more favorable toward

science than is the layman - some data suggest this.)

It would probabiy be beneficial if-some data on the research on the
general public could be communicated to scientists who are concerned about
Public Understanding of Science, so as to bring their notions about the nature

of the public closer to reality. ) T

C. Other Publics

Research regarding other publics would be desirable, including: more
research on how interest in science is fostered in young people; what the
leadership segment knows and thinks about science, and what it needs to know
for more rational policy-making; what influence disaffected intellectual
elites have on "public understanding of science'" how different publics
view different problems at different times; and How better information on
public interests and information needs can be delivered to communicators

and editors in the media.
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Science and Society

A, Science and Public Policy

~

* Research should be done into the processes by which information about
science is used in_the formulation and ‘implementation of public policy.
Case histories should be written up on topics such as smoking, cancer, SST,
ecology, etc., from the recognition of the problem to the p~esent status --
including such aspects as what act on the part of whom made a difference,
and the role of science and scientists in the decision-making process. i"
Studies should be made of needs and mechanisms at the state ard local level

for technical information dissemination to ad hoc puﬁlics" at the moment of

‘need. We should find out more about the effects of massive 'niormation inputs

into the community decision-making situation, and 'should find out to what ex-

tent findings on community decision-making can be extrapolated to the national.

and international level. Studies of decisioh-ﬁaking and the role of technical
information at these higher levels should be studied as well. There are
research implications in recent movements toward "adversary science " and
"science for the people." Studies should be made of the nature of such
movements, their possible effects on policy and on the enterprise of science
itself, and the nature of the support ' for them -- is it really for "the
people," or will it benefit only a small, self-serving elite? Finally,
studies should be made of the impact and effects on public images of science
brought about by government programs involving science and technology, for

example the Environmental Protection Agency and the RANN program of the NSF.

B.- Science in a Culcural Context

To gauge public understanding of science in a reasonable perspective, a
better idea of its cultural contexts should be obtained. We should analyze .
our culture to see how science fite into it, to what extent our current
articles of "common sense" are more scientifically based than the common
sense of the past -(for instance, it is now "common sense" that the world is
round, even though this is not directly perceivable, nor was it always "common

sense"). In addition; we should analyze our cultural behavior to see how

Mscientific" it is compared with the past -- for example, we now consult
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meteorologists, not fortune tellers, for the weather forcast. Solid studies
should be made of just exactly how the daily .lives of people have beeﬁ

changed by science, and what the overall effects of these changes have been.
Studies should be made of scientific vis-a-vis cultural values: how was the
development of science affected by our values, and how were our values affected
by science? As an additional perspective on the public understanding of science,
studies should be made of public understanding of other, comparable facets of
our culture and of other prominent social institutions,rincluding art, history,

réligion, the military, education and so forth. It may be that, compafatively,'

the public understands "science" better than we suspect.

C. Establishing a Reference Point

One'of the most difficult problems in the field is the fact that after
all the research is done to determine what the "public" knows or feels about
science or scientists, we will have to judge whether it is adequate or not.
In Item B a suggestion was made to compare it with other branches -of our own
culture, but in addition we ought also to make a comparison with other count-
ries, A crdss—cultﬁéél survey should be made of the public understanding of
science In a representative set of nations such as the USSR, Japan, Germany,
and various semi-developed and developing nations. These should be‘measured
both as a referénde‘point for comparing;public understanding of science in
the United States, and also so that some insight can be gained into the pro-
cess of how science is assimilated into a culture, ;ddwh6§h€f£eétive the dif-
ferent total systems of TV, newspaper, social systems, etc., arékzh achieving
various levels of public undegstanding of scienpe.

The Process of Communiéation

A, The Current State

A comprehensive inventory should be taken of the dissemination of information
about science to the various publics. We should delineate what science is being
communicated to whom, by whom, for what reasons,ugaguzifough what _g:hannels.~ Con-
tent analyses should be madé;;% science information in éuch media as newspapers,
television, magazines, and consumer advertising, as well as other informal media

like movies, cartoon strips, popular fiction, the undergrouhd press, and special"
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interest groups like.churches, unions, environmental groubs, etc. Not only
the content, but the "tone," of these communications should be investigated;
and some effort should be made to determine who sets the ''tone" for éhe dis-
cussion of science and technology (currently, for example, it seems to be
strongly influenced by ecologists and "doomsaver;"). The effectiveness of
various formats for communicating science'should be étudied, and also we should
study the total process of communication in our society today -- how it cur-

rently operates, how it is changing, what impact it has, and what new communi-

cation technologies are emerging.

B. Ways of Improving Communication of Science to the Public

Studieé should be ﬁade to determine the feasibility, demand and possibie
forms of local, regional and national centers for the dissemination of science
informaiion, so as to make such informationlmore ?cﬁessible to the secondary
source as well as the man on the street. The possibilities should be studied
of resource centers so as to maximize the use of high cost films, TV programs,
etc. Work should be done on models of the process of communicating science
to the public, since currently our thinking is based on rather simple models;
We should have a bettér idea of what the barfiers to Public Understanding of
Science with regard to writers, scientists and me&ia managers are, and what
can be done to mitigate them. Studies are needed on the -planning of science
progfamming and production, for example getting scientists and writeré coupled
on a project, or getting communication researchers together with producers.
Formative research -- that is, evaluating material before it is disseminated --
should be done to a greater extent than it currently is beiqg done in thist
area. One important improvement, which could be highly cost-effective, might
be to pressure the TV networks into improving the 'image' of science and sci-

entists, perhaps establishing a research center to work with them on this.

C. Monitoring the Effectiveness of Communication.of Science to the Public

Some }etroquctive studies of successful and unsuccessful campaigns that
attempted to change public attitudes and behavior would be most valuable, as
would be .studies of attempts to communicate science to the public. Changes
in science curricula in the schools (for example, '"New Matﬁ," chemistry and

physics courses in high schools) should be assessed with regard to their
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impact on public underggandiqg:6f science. The present use by the public of

science information in the news, on television, science fairs, in the popular
arts, etc., should be measur;aﬁadequately and tracked ;;errtimem Virtually
all major public understanding programs should have an evaluation componentr
built in from the inception. ' ’

Research Priorities

To attempt to arrange a list of research recommendations such as the

foregoing into a prioritized order would be virtually impossible. As was
noted earlier in this report, many things can be done simultaneously, and
most of them would be in no way mutually exclusive. Budget limitations

will, of course, govern the set that can be started first.

Yet, given the current state of knowledge regarding public understanding
of science, the needs for research of those concerned with this problem, and

the volume of resources available for research in the forseeable futdre. it

is faii to report a rough consensus of the workshép that a good, comprehen-

sive measurement of the current state of public understanding of science is
the most urgently needed research right now. Specifically, a national, in-
depth survey of what the public knows, feels, believes, expects and wants

concerning science and technology is called for.

This sort of nation;i‘survey would tell us what the true state of pub-
lic understanding of science is ~=- something which, in spite of all the
‘claims and tounter-claims, nobody knows right now. Also, it would ]
provide a beginning for a longitudinal study of public understanding of science,
a studi which would show us-how public attitudes in this area changé over time.

It would constitute a baseline for assessing the effects of campaigns

and other efforts to make changes in the public's understanding of science.
And it would provide programmatic guidance by locating areas of genuine*bublic
disaffection and concern, as well as areas of misinformation and misunderstanding.
Findingé of the former type would suggest policy changes, while the latter type
of findiﬁés could be used as a basis for informational and educational efforts.




APPENDICES

Agenda of conference ¢

"public Understanding of Science: The Data We Have,"
by G. R. Funkhouser. ‘

"Why Should the Public Understand Science?" by Rustum Roy.

"Problems, Publics and Stages of Development in Public
Understanding of Science," by E. G. Sherburne, Jr.

"Public Understanding of Science: The Problems and the
Players," by R. E. Stephens.




Agenda for

. Workshop on 'THE GOALS A{D METHODS
- OF ASSESSING THE PUBLIC'S UNDERSTANDING OF SCIENCE

Objectives:

e~

We hope to eni the two day session with

a) A list of ‘specific needs, especially in research, of a national
program in the public undeisiuniing of science.

L b) A brief report on this conference to NSF including the above.

¢) Reports addresséﬂ to various constituencies concerned with
this problem, disseminated via their media.

Schedule:
Wednesday, November 29
Morning Introductory Remarks (Stephens, Sherburne, Funkhouser, Roy)
(géga Ist Topic: 'Why Public Understanding of Science at All?"
12:00) Open Discussion
Afternoon, “2nd Toplic: 'What Publics Should Understand What Science,
(1:30 oo for What Reasons?'
5°§Z) Open Discussion
Break up into small groupe, each corcerned
with a different publie.
Evening 3rd Tﬁp!c: "How Needed 'Science' Should be Communicated"
(7220 Continue small working grouvs
?)

Thursday, November 30

Morning heports of Working Groups i -

(9;20 bth Topic: 'What are the Research Questions Regarding

12:00) the Facilitating of Public Understanding of
o Science Activities?"

Open Discussion

Afternoon 5th Topic: ‘''List of Needed Research and Recommended
(1:30 “Priorities"
to

1

4:00) 7 7 Open Discugsion




PUBLIC UNDERSTANDING OF SCIENCE:
THE DATA WE HAVE

-

G. Ray Funkhouser
Assistant Professor of Communication Research
The Pennsylvania State University

Prepared for the Workshop
- on ] -
"The Goals and Methods of Assessing the Public's Understanding of Science"

*

The Materials Research Laboratory
Pennsylvania State University
September 1972




T

PUBLIC UNDERSTANDING OF SCIENCE: THE DATA WE HAVE

G. Ray Funkhouser
The Pennsylvania State University

* Compared to topics such as political preferences, ;:onsumer pehavior,
eéucation, racial diacriminat‘ic;n and opinions on various topical issues,
the public's underltandin‘gvr of science has received the short shrift from
social scientists. In 7lpite ofgthe importance of science and technology
at every level of our society--from daily 'living to the philosophical
underpinnings of our culture-~data on what the pub.ic knows, understands
and feels about sciénce and fe’chnology are embarsssingly scarce. While
the results of national and local surveys on political preferences and
current issues have for years been published regularly in n&nﬁaﬁers and
magazines across the nation, a major review of research on public‘ncience
lmcwledgel was able to summarize the results of practically all
survey research on this topic in gix typewritten pages (the summary includ-
ing not only the responses, but-the questions as well), Data on opinions
and attitudes toward science are eqQually scarce, although a major ntudir on
the process of commnicating science to the public was ;:ouducted in :th
htg}gso's.a - o ‘ .

There are no doubt a number of reasons why pubi:lc science knﬁvledge
and understanding have received such scant attention from social science
researchers. Among the more important might be the following: () tbe'
researchers themselves, primarily sociologists and political scientists,

have little competence or interest in the "harder" sciences; (2) public

understanding of science is of relatively little importance to the
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organizations that fund most of this kind of research--the news media,

political parties, industrial and marketing concerns, and federal agencies

such as the Office of Education, the National Institutes of Health, etc:

(3) the organizations that fund research in the hard sciences have compe-

tence in that area, but have shown relatively little interest in the social

aspects of science and technology; and (h) perhaps most iﬁportantly, sciehce
o * . is not generally seen as a "g\;t" national issue in j':he same way that crime,
drugs, race relations, etc.-are, nor does it often spark controversies that
capture the attention of the news 'ned:la,- the popular news magazines, the
intelléctual journals or their respective audiencens. The attention currently
being paid to "ecology" is one gl;r:lng ;xcept:lon to this, and just possibly is

S

a harbinger of a basic change in the 'needs' of the public.

If we accept therpretrlfce that the better a puﬁlic understands the
world in which it lives, the more effectively it can deal with that world,
then it is clearly desirable to strive for improvements in public under-
standing of science--not only 15 the United States, but in all nations:”r
However, it is impox:tant to know, before any large-scale efforts are launched
toward this goal, what the public knows, understands and feels about science
and technology right now. In the fifpt place,‘ knowing the present state of
the public mind will provide a basis for making programmatic decisions by
locating areas of genuine disaffection and cénvict:lon, as well as areas of
misinformation and misunderstanding. The first of these would suggest S
changes in science policy, while the second would indicate directions in
which educational ‘efrorts might well be directed. "

In the second Place, knowing the present state of the public mind would

" establish the necessary baseline fog évaluating the effect:lvenes‘s of various

“programs and efforts to increase public understanding. If, for instance, an

[y F= ‘?«L:‘ -
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the effect on the general public's understanding of science essentially

- 3 i -~

evalvation-study showed that a national television "science spot" campaign
ha& no measureable impact on the audience, this would suggest that other

approaches should be tried. With no baseline it is, at present, impossible

to judge the-mpagt of any public information efforts. It is unfortunate

that no national baseline data of this sort were taken in the mid-1950's,
since great changes were instituted in primary and secondary science education
in the post-Sputnik period. As it is, there is no reliable way to measure

the effects, if any, of these chaﬁges'in national science education policy'

on overall public sciem.:e knowledge and understanding. Did they improve

the quality of science in America, as their promoters intended; did they

"turn off" a generation of students, as some critics have alleged? or was

zero?

WHO CQMPRISES THE "RUBLIC?"

To ‘discuss the pﬁblic's u:nderstandix}g of science in a realistic per-
specfive, ve ought first to define the public, or publics, to which we are
refgrring. ATo‘o of ten; concerned spokesmen from the scientific or intel-

3

lectual communities speak of "the public," apparently haviag in mind

7 people very much like themselves--that is, weli-educated, articulate, con-

cerned and well informed about current issues, committed to a career that

involves fulfilling and relatively well-paying work. Indeed, in an academic

setting one has to fight the impression that "everybody goes to college,"
since in that setting just about everybody does.

In Table 1 there -is a comparison of the public at large with other

_"publics" pei'tinent to this discussion. The data for the public at large

were taken from Statistical Abstracts of the U.S., 1971, except for the

A




TABLE 1 ’ Demographic Data on Various Publics

..ﬁ =t | * .
| w Public at H.E.mm;.w Academic Academic Academic
_ " (N=130 million adults) Subscribers N=250K) Physicists Engineers Social Scientists
B . , L ,
) Age:
| less than 18 334, -
| 18 - 25 . 2% 23%
| 25 - 3b 12% 38%
35 - Li : 119 . 239,
45 - 59 16% 13%
60 and over  16% 3%
m t
Race: . J
White , 85% . 96%
Negro 119 3% virtually all these would be white
Other _. | e 1% , .
|
Family Income: | ,
. less than $5000 20% _ 6%
{ , .
| WMNA“MOHMMN WWN wwm virtually all these would be in the
,042. 15K 199 304 : ' above-10K n.p.:mo A
, . Lo i
) Education: ! ;
less than high school 35% :
high school grad 3kq, * ..W 27%
some college 104 .
college grad % , 20% :
more than B.A. or B.S. L, 529, 100% - 100% 100%
Political Orientation: |
Liberal 2ld, 55% LLg 2L 644
Middle of Road o 27% 26% 189 17% 17%

Conservative . k19 184, 36% - 524 20%




wgg_];itical orientation figures. These were reported by the Roper organiza-

tion in 1972. The subscribers to Psychology Today magazines were surveyed

in 1968h and are included here as an example-of a "cdnperned and aware"
public--the readerships of New Republic, Commentary, Atlantic, etc. are

—-probably not too different in many respects. The politiecal .data for the
academic scientists and engineers were published recently by Ladd and
Lipset in Science5 , and some of the other figures are seat-of -the-pants
estimates.

- While not an ideal set of data, the figures in Table 1 make the lpoint.
Clearly, the peoplesrwiitbhjyhom the participants in this workshop are personally most
familiar are not very representativeiof Jthe i)jn;iic at large. The public is
mch less affluent, not nearly as well educated, and somewhat less liberally
inclined than the acadgmic—professignal—"concerned citizen" milieu. It al;o
is vastly more numerous: 'aduits who have never been to col]:gge outnumber
college graduates by about 6 to 1 and those who have gone ,I?eyond the bache-
lors degree by about 18 to 1. -All college andi university faculty constitute

" less than 0.5% of the adult population. As an add'itional perspective on
education (gince this is a crucial_“ﬁvaﬁable with respect to public under-’
standing of science), we should note that alt:though the official rate of
illiteracy in the iIS currently is 1%, estim;t;es of the prevalence of
"functional illitexﬁ'écy"ihave run from 13% to 50% of the total population, 7
depending upon the criteria ﬁéed to define "functional illiteracy." The
fc.>rmer figure, according to a Harris Poll, depexﬁsr on the ability to fill
out the forms necessary for getti‘ng a social gecurity card, while tﬁe latter
étudy (done at Harvard) involved the ability to comprehend a s'tandard driving

manual.
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The'level of education is rising in America, of course., In 1970,
38% of people from 20 to 24 years had attended at least some college
(9% BA or more), with 31% from 25 to 29 (16% BA or more) and 28% from
30 to 34 (15% BA or more). Thus as timg”gges on & larger proportion of
the public will have college degrees. However, it will be many years
befbge anything likeieven one-fifth of the public will be cﬁllege graduates.
Also there has been concern about the quality of college education that
has been‘given to these increased numbers of graduates, It is safe to say

that for the foreseeable future, the majority of the public will not be

" "yell educated" in the sense that the term is used by well educated people,

Audiences for various information sources are a particular type of
"publie," and these can véry in level within a considerable range. For

example, Reader's Digest boasts an audience of about 40 miilion, of which

about 13% are college graduates. On the other hand, Scientific American

has a circulation of less than half a million, of whom about 85% are éollegg
graduate36; The public reachéd by Scienﬁe is quite different from that 7
z;eached by the New York Daily News, although I suppose one could contend
that the two publications are equally "public," since, in theory af least,
they are equally available to everybody. A similar observation could be .
made with regard to the gggsgitive "publics" of the commercial networks
énd the Public Broadcas;;ng Cogpgratidn. ,

Onererror made all too often is to mistake the contents of
the news media for an expre‘ssion of "the public." In the first place,
editors' ideas of what the public thinks have been shown to be measurably

. o )

in error’'., 1In the second place, there is evidence that the amount of

attention paid by the news media to various issues has no necessary
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relationsﬁip either to what is actually going on in the world, or to public
opinion concerning the issues?. The news niedia may select the agenda of

issues that public figures such as political candidates must addressg, but it

' is axiomatic in communication research that their direct impact on anything

but the most supérficial aspects of public opinion is 1imitedlo. Finally,

"the coverage given to demqpstrations and piotests often is construed as evi-

dence of "public" concern, even though such activities characteristically

" involve small, vocal and unrepresentative segments of the public. The moratoria

on the war in the fgll of 1969 were widely interpreted as a forceful expression

" of public sentiment; however, a Gallup poll found that unfavorable. comments

on the November moratorium outweighed favorable comments by about three- to

one, apparently because less than‘eo% of the public approved of the demonstra-

tor's goals. Examples of this relevant to science would include "Earth Day,"
protests over sites-for-nuclear power plantsll, objections to Department of\'
Defense-sponsorea research, etc.

Legislative bodies and governmental agencies constitute "publics"
which are small but extremely important. I think it would be naive to
assume that these groubs actively carry out the wishés of their constitu;
encies (that is, “the public") in any sort of direct fashion. For in
addition to the electorate (which has virtually no direct influence on
executive agencies at all); the iﬁdividuals comprising these groupé mst
base their decisidh;”élso on pressure groups, special pleéders, political
supporters of one sort or.another, the news medis, the%i own individual
and collective self-interests, and to some extent, the facts of fhe matter.,
The current spate of env?ronmental legiziétion, fér example, se;ms to be

as much a response to clamor by the media, pressure groups and superficial

public opinion as a reasoned approach to the problem, in many cases having

e e -
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~ little to do with deeply felt "public needs" and desires, or for that
matter with sound, scientific reasoning and evidence. Most legislators
are collééé graéuates, but most are 1&w§ers by training--very few of them
are scientistngfmsngineers.

Another public of interest here is what Kadushin, et all2 call our
"intellectual elite," a self-defined set of people who dominate the
nation's 1ntell;ctua1 Jjournals and who are judged by other "intellectuals"
as being especially influential. This is a relatively small group, number-
ing only a few hundred. VHowever, they are the people who vrite and/or’
edit the book reviews and "think pieces" in publications such as Comment ,
Har ers, the New York Review of Books, (the old) Saturday Review, New

Rgbublic{ New Yorker, etc. This group tends to be university professors

* in English, Econpmics, Sociology, Political Séignce and History, or editors
and employed,writers-éscienti§§s are conspicuously absent from their ?anks.
Obviously highly educated, and affluent, they are unrepresentativé of the
general public in other ways as well. They are almost Unanimously on the-
left end of the political spectrum, and seem inclined po take up the various
"causes,” (including, among others ;t present, "ecology" (although their
favorite issue during the '60's was race relations)). And as Kadushinl3 put
it, "depending on your expectations, they are only, or fully, 50% Jewish
and only, or fully, about 50% of them live within 'lunch distance' of
New York Cityu“ ﬂ

~_ The reason this public is of interest is that it has some influence in
the ‘selection and discussion of social and political issuea, at least among
.thé_zbncerned, intellectual community. While their influence may be rela-
tively small among the public at large, it is likely that they do haée

influence among media gate-keepers, political decision-makers and political
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activists. Materials primarily aimed at this "intellectual elite" group
have been construed as "public discussion." Relevant to the present con-

text, I suspect that some of their‘bpinions have been interpreted as

evidence of a "public disaffection with spience."

An awcreness of the segment of the public that is professionally
involved in science is also important in our present context becauseiit
constitutes the source of the science information to be disseminated to
"the public," as well as the sourée of most of the concern over pub;ic
understanding of science. While the data in Table 1 tell us sometﬁing
abouf academic scientists and engineers, we should keep in mind that the
majority of this group in this country,are not aﬁ universities, but rather
work for ipdustry. Tﬁe non~academic scientists are less highly-educafed ‘
than their'academic counterparts, with higher percentages holding B.S.
degrges rather than M.S.s or Ph.D.8. They are probably less liberal tﬁan
the groups represented in Table 1. I think it is important to remember
that academic scientists/engineers,while predominat;ng in discussions of
public understanding of science, are a minority group among scientists
(althouéh they have been and continue to be responsible for training all
the others). Industrial scientists/engineers,while not as visible of
ariiculate in thﬁ;“iégard, have legitimate interests in this topic. And
some of these interests may differ in important ways from thoge of the
spokesﬁen fsr their colleagues in academi;. _

In any case,rthé pﬁrpose of this section is to emphasize the fact
that the term "public" should not be used without further qualification.
While we do not necessarily have to mean the entire population of the

United States by the term "public," in the absence of any further
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- — Qualification that is proﬁﬁbly the most' appropriate meaning for that term.
If we mean and say; "the college educated public," fine. Ditto ﬁhe
"scientifically-trained public," the "intellectual public," "tﬁe readers
of Time," the "Public TV audience," etc. Let us say what we mean more
precisely.’ “

- The cultufalrhilieu in which most of us, here, live is not the same
as that of the "public." If we want to talk about a small, unrepresentative .
segment like ourselves and our friends, fine--only let us not speak in terms
of "the public." When we want to talk about "the public," we might as well
tryrto maintain in our minds a more faithful picture of it. One of the
best ways I know of doing thié is to spend a Saturday afternoon people-

watching in a discount department store.

PUBLIC UNDERSTANDING OF SCIENCE

The public's "understanding" of science iqg;gdég‘a‘numberrdf different
components, Of these, the three most importaﬁg—ére knoﬁlédge, opinions aﬁd
attitudes,

Knowledge, as the term will be used here, has to do with command of
facts--bité of information on which there is a high level of expert agree-
ment. Obpinion has more to do with beliefs, unsubstantiated information or
rersonal interpretation of complex or controversial situatigns.

Attitude generally refers-to a predisposition to respond in some way,
or to a degré@“ﬁf'ﬁagitive or negative affect associated with some psycho-
logical obiect. sThus a person may know that a nearby plant's water effiuent
contains matter that exceeds the amount permitted by +he state's pollution

laws. His opinion might be that the importance of the plant to the local
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economy outweighs the harm caused by its pollution. And his attitude

might be that he does not favor closing down the plant if it cannot meet
pollution standards by the deadline. We recognize, of course, that these
are imprecise definitions, and that even if they were mgde more precise
there would still be many ﬁxatamces in wim;lch we could not unambiguously
determine whether something qualified as knowledge, opinion or attitude.
Additionally, we need to consider terms such as interest, image,
awareness and comprehension as being parts of public "understanding" of
science. A person may know f;hat liéht travels faster than sound, but does
he comprehend why? The distinction here would be rote learning versus
true understanding. " Also we -should distinguish between awareness and
knowledge: a citizen may be aware that we have sent a space probe to Mars,
but what dces he know about it? Awareness is in that sense imprecise or
vague knowledge. Interest is important, sinc;e the more a person is inter’:
ested in science, the more he is likely to know aboutvit, like it and seekr

LS

information about it~ . An "image" of science would be the general picture

a person has in mind when he thinks of it.

yem

FUBLIC KNOWLEDGE 6F SCIENCE

The major study in this area, "Knowledge and the Public Mind," by
Schramm and Wa.dels » summarized the findings of 54 surveys that éontained
items on public knowledge in three areas: science, health and public
affairs. Their general findings were that the public knows more 7,about
public affairs and healthrthan about science. A rough index gave scores

of 32% in public affairs, 18% in health and 1L4% in science, the scores

expressing the percentages of people with i'hi.gh information" in the




- 12

respective areas. Education was found to be a strong predictor of science
erowledge;-the more education, the more science knowledge. ;ﬁen were found

to know more about science than women, w{th education ievel held constant.
(However, an experimental atudyl6 fou.nd that, in a large college popula-

tion, female students were every bit as we’l able to handle specialized science infor-
mation as comparable male students.) Other variables -crrelating with

science knowledge were: income, print media as major information’ source, ;
occupation a.nd. the number of high z:c;::;]. sci:ence courses a person had taken.

So far, so good. There are, however, two major shortcomings in the

measurements of public science knowledge to date. Firat, even in the

voluminous body of data searched by Schramm and Wade, only 48 items con- .
cerning science knowledge could .be found, of which 26 were part of a C.B.S.
"Na‘tiorial Science Quiz" in 1967. A summary of survey research from 1935

through 19467 contained not arsi’ngiewfi:;ﬁ having to do with science

knowledge. Apparently, since systematic survey research began in mid-1930's,

an average of less than one single item per year has been used to measure

public scieuce knowledge in the United States. For the sake of perspective,

a national survey can contain over a hundred substantive items, and dozens

of these surveys are taken each year.’

The second shortcoming of prior studies of public science knowledge

is the level of infomaf.ion tested.., Of the 22 non-C.B.S. items reported

by Schramm and Wade, six asked for identificat.on of personalities (Einstein,
Freud, Oppenheimer, che inventor of the telephone, etc.). Five had to do

with science pblicy (Is the U.S. trying to get other countries to agree to
international control of atomic energy? Mt is the purposé for léunching

space satellites?) Seven items essentially measured awareness of current

science news (three of the seven asked whether the respondent knew what

" "fallout" is).
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The remaining items Were more closely concerned with the substance

of science. The regults of these items are as follows:

(Minn poll, 1957) "About how far from the earth would you 'guess the -
moon is?" ~- 4% correcl : .

(Minn poll, 1957) '"Compared with the earth, about how big would
you say the moon is?" -- 38% said "much smaller" -

(AIPO, 1955) "What is the largest bird in the world?" -- 26% correct
(AIPO, 1955) "Which planet is nearest the sun?" -- 7% correct

(AIPO, 1956) "Do ycu know of any uses of atomic energy except for
war purposes?" -~ ULO9% mentioned some legitimate purpose

(AP0, 1950) "Have you heard anything about the new H-bomb? What do
you know about it?" - UB% heard, with information.

In other words, virtually no attempt has yet been madé to measure in
any substantive way what a national sample of the American public knows
about science. ‘Mos’c of the kriowledge questions pertaining to science-deal
with awareness of current topics in the nevs, famous personalities ox" the

most superfiéial level of rote knowledge. To the best of my k.nowlgdge, not

5,

one question has ever been asked of a representative nationwidg sample that dealt

with any sort of comprehension of scientific principles, processes or procédu.res.
Tﬁe 26 items used by C.B.S, in a 1§67 telecast called the "Nationsl

Scienée Test" were more oriented along substantive lines, but uﬁfortunately

were not administered to a representative sample. Also, the questionnaire

had methodological difficulties. First, they were true-~-false questions,

which meant that a person's actual understanding was not measured, only

whether or not he thought a statement was ’crt;e or false. Second, they

niten confused theoretical and practiéal understanding: that is, a person

who knew the principles of physics might have given one answer,Awhile a

person who relied on empirical observations would have given another--both,




TN

14

technically, correct. Third, they often confused common sense or everyday
experience with science. Some examples of these items (including these

shortcomings) are:

Does cutting up potatoes make them cock faster? (92% yes)

Can bananas be prevented from getting overripe too fast by
refrigeration? (47% yes) .

The oceans are the mjor‘source of rainwater, (64% true)

You see lightning before hearing thunder because the sound has to
travel further (34% false)

If you push a child on a swing, does a big or a little push make
any difference in the number of swings back and forth? -
(Big push, more swings - 62%)

The picture on TV is made by a beam of light projected from inside
the picture tube, (71% true)

A rocket is lifted off the pad by the force of the exhaust gases
pushing down. (75% true)

An astronaut in orbit has no weight. (81% true)
Has science developed an equivalent to a ray gm? (71% yes)
Has science developed a machine that thinks for itself? (41% yes)

- An experimental studyla on effective science writing had some findings

"that pertain here, although they do not represent a cross section of the

American public. This study involved short articles on three topics-~
Enzymology, Polymer Chemistry and Plasma Physics--&nd three audiences--

Junior college students, univez:sity students and professional scientists.

” Tests of ten multiple choice items on each topic were given to each audience

on a before-after basis. Tablé 2 shows the mean perdentage scores for each
audience before and after reading materials on the subjects. In this case
the baseline for knowledge is 25% correct, the score that a random number
table would achieve. Goix;g on their prior knowledge of science, the- junior

college studente do not score much better than that, and presumably that is

approximately how a cross-sectional sample would do also. The university
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TABIE 2
_ Information Test Scores for
Three Audiences, on Three Topics
‘% Correct % Correct
Before After

Topic . ] Reading Material Reading Materisl
Enzymology

Junior College Students (N=62) 314, ' L6%

University Students (N=60) 479 66%,

Professional Scientists (N=40) T 50% . - 844,
Polymer Cheniitry

Junior College Students (Ne=60) 239, 489,

University Students (Ne=58) 33% 62%

Professional Scientists (Ne37) . Log 90% .
Plasma Physics o

Junior College Students (N=59) 32% o 56%

University Students (Ne56) 474, 4%,

Professional Scientists (Nek3) 66% 83%

students (Stanford) did somewhat better than chance » and tﬁe prt.afession'al
scientists (half of them had Ph.D.'s) scored in the range of 50% correct
on a tough test, from their background knowledge of science alone. Inter-
estingly, although the scientists Jmew more to begin with, they also
learned more from the materials they re;.d, as shomn by the "after" scores >
than did the junior college students., The university students were approxi-
mately halfway between the others. ‘ ‘

A magsive studylg ﬁas done in 1969 to asscss the educational attain-

ments of Americans. It covered a number of subject areas, with science

_ stressed heavily. Four objectives of science education were tested:

(1) ‘the Fundamental Facts and Principles ;)fﬁ Science, (2) Abilities and Skills
Needed to Engage in the Processes of Science, (3) Understanding the Investi-
gative Nature of Science, and () Attitudes about and Appreciation of
Scientists, Science, and the ‘Consequences of Science that Stem from

Adequate Understanding.

Y
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This study, conceived from the point of view of educators, involved
testing large numbers of people in four age groups--9 years old, 13 years
old, 17 years old and young adults (ages 26-35, a national sample).
Mtiple-choice items were used, s'one of which overlapped two or moreffée
groups. The purpose of this study was to establish baselines for gauging
ﬁture progress in American education, but several of the findings are

s . worth mentioning in their own right.

Each succeeding age group had more correct answers than the previous

s group up to age 17, at which age a peak in science information apparently
is reached. The "young adult group” actually had less science information
than the 17 year old group. One reason for this might be that science infor-
'mat:lon, as well as-test-teking, is less salient to people no longer in school,

and it also is possible that the "young adult group" contained ar appreci;able
number of .people who never got as far in.their educations as the 17 yaar old
grouf (who were all students) did. : ’ ] |
. Girls and boys at Ege 9 seemed to be about equal in science information, o

but boys oui‘.perfomed ,girli with an increasingly large gap in subsequent age ‘
groups, to a 10% difference in correct answers between men and women in the ‘
"you:vxg adult group." The amount of educatio. a person's parents had had, |
rede a large difference in science knowledge: subjects, either of whose -
parents had been educated beyond high school, did considerably better in all
the age groups than did subjects whose parents had had less education. Subjects
of all ages from affluent suburbs had better knowledge scores than children

- from other types of commmnities, with subjects from extreme rural or extreme |

inner city communities doing least well., Black subjects did considerably

worse, on the average, than White subjects.
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Overall there were many items which most subjects answered
correctly, as well as some which most subjects didn't. Since the
ability to answer 'test questions -depends to a large degree on the nature
of the questions themselves, it is hard to judge the results of this
study by any kind of absolute standa.rds (which wasn't the intention of
the study anyhow). But as an objective test of science knowledge it is
a much more comprehenéivé instrument than what was used in anything else
cited here, covering as it did the four educational objectives noteci

~ above,

From the evidence avaj.lablé 5 it seems that
(1) no adequate measurement of general public science knowledge has
- _ever been attempted; - : o
) ; (2) thé few measures that have been taken nat.ionally suggest that the
geheral public does notr know manyr facts about sciehce; but 7
(3) what the public "knows" about science is %o a large extent a
matter of how_ the measurement 7is taken. Scores were much higher in the
educational assessment study than 1n therexperimental study described just
before it,rfor exami:le. -
Related to knowledge, awareness of sgience has been measured occasrioAnally,
mo;stly in connection with "science in the news." For example, a studyao
done after the launching of Sputnik found that awareness of the event ranged
from 97% of 'the people in Norway aware it had happened, to 57% in Brazil.
7 The author noted that the only other recent event comparable to this aware-

ness level was the atom bombr, in 1945, Another studyal found that, whereas

prior to the launching of Sputnik 54% of the U.S. public had never heard of
4 B N
space satellites, after the launchisg only 8% had never heard of them.




*x

18

The crime rate is reported to have dropped while the first Jlanding of

men on the moon was in progress, due to the extraordinarily large number
of people who were 7stay:lng at home to watch it on television. Thus we can
assume that the public will be aware of spectacular events vaguely related
to "science." Clearly, this sort of awareness does not in most cases
represent any sort of "scienpe lmowledée" beyond™ the superficial connection
to the bare fact of the event. For example, it is a safe guess that of the
many who were aware of space satellites aftergsputnik, or.ly a miniscule
percentage could give a scientifically*accept‘able explanation of why they.

don't fall down.®

ATTITUDES TOWARD SCIENCE AND SCIENTISTS ]

'(:):;é;i:ions regarding science knowledge and awarenesé are of éonsiderable
value to various groups interested in philosophical or programmatic consi-
deration of improving the situation. Political judgments, on the other hand,
often turn more on public attitudes twuds science. We now turn to these.

In his paper22 reportiné same of the findings of the surveys taken by

- the Survey Research Center at the University of Michigan, Withy says:

"Probably not more than 12% of the adult population really
understands what is meant by the scientific approach. For
about 2/3, science is simply thorough and intensive study,
which is, in a way, an adequate label. But the sensitive
reader of interviews is aware, in the responses of most
people with this point of view, of a lack of insight and
understanding...A full quarter admitted that they did not
know what was meant by studying something scientifically."”
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These surveys, before and after Sputnik, did contain two batteries
of attitude items, one pertaining to "science" and the other to "scientists."

The results of the later survey were:

Concerning Science Za agree
The world is better orf because of science 83%
Science is making our lives healthier, easier and.

more comfortable. 2%
One of the best things about science is that it is the
"main reason for our rapid progress. 87%
One trouble with science is that it makes our way of

life change too fast. 479
Science will solve our social problems, l:Lke crime and -
mental illness. . RLY
The growth of science means that a few people could .
control our lives. Lo%
One of the bad effects of science is that it breaks

down people's ideas of right and wrong. 25%
Concerning Scientists ’ A ee

Most secientists want to work on things that will make

1lif+ ..  ter for the average person. 7 o 88%
Scientists work harder than the average person., 68%
Scientists are aph to be odd and peculiar pecpie. Lo%

Most scientists are mainly interested in knowledge
for its own sake; they don't care much about its
practical value. -~ —_— 26%

Scientists always seem to be prying into things they
. really ought to stay out of. ) . 25%
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These results suggest. that, at the time of the survey, the public had
a rather favorable.view of both science and scientists. (Perhaps a cynic
might say that some;of*these‘attitﬁdes demonstrate a decided latk of under-
standing about science and scientists!!) There is, of course, a confounding
of science and fechnology implicit in these items,although I suspect that
most scientists don't routinely differentiate these two thrusts mué;‘more

rigorously than the public does.,

The above data were taken in a survey before Sputnik, ?he same items

were used in a survey after Sputnik, and showed practically no change in these.

attitudes in spite of the momentous eventxihat had occurred in the interven-
ing period. The only item in this battery that exhibited a significgnt

‘ diffefence between the pre- and the post-Sputnik survey was "The growth of
science means that a few people could control our lives." The 'before’

measure found 32% agreeing with this item, whereas in the 'after' test, 40%

e3

agreed ~. Perhaps this lack of change is a result of little genuine interest

in the event. In spite of the amount of awareness, only 4% of Americans had

P oot

‘bathered to go'outvéhévloairatVéithef of ﬁﬁ;Afﬁ;hSputniks, and other data
showed that many citizens were more concerned with their own éffairs, the
World Series and events in Little Rock than they were with Sputnik2*, .

-With regard to general attitudes toward science and scientists, these
results were replicated gxperimentallyes.x Semantic di%ferential attitude
scales composed of items like:

Timely.......Untimely
Comprehensible.,......Incomprehensible
Relevant to me.......Irrelevant to me
Important.......Unimportant
Meaningful.......Meaningless
Interesting.......Uninteresting
Beneficial,.......Harmful
.Practical.......Theoretical
Imaginative,......Unimaginative
Successful.......Unsuccessful
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were administered to over 700 college students, some before reading pro-
fessionally-written articles on enzymology, and some after. Attitudes
toward science and scientists were found té be quite favoraﬁle; however, no
measurable change in these attitudes resulted. from reading the articles.
Attitudes toward enzymology did change significantly--every one of the ten
articles used brought about improvements in attitudes téward enzymology,
in several cases to a higher level of favorability than‘attitudes toward
science in general. This latter finding was replicated in a later experimentaé,
which showed that the reading of materials (which presumably increased know-
ledge) on the topies of enzymoloéy, po}ymer chemistry and plasma physics
resulted in improved attitudes toward these areas of science, again approach-
ing the level of audience favor towards science in general. Apparently,
1éck of information about unfamiliar areas of science causes less favorable
attitudes, and thgrdifference between before- and ;fter-measures is the
result of attitude formation, rather than attitude change.

Also noteworthy in this experiﬁentaL:study was the comparison of
attitudinal data between the scientists and the two student audienqes.
While the scientists had the most favorable attitudes toward science in
general and the three specific sciences, the two student audiences were
almost as favorable. All three gféups (after reading the'materials) were
between 5.0 and 5.5 on a T-point scale, where 7 was the most favorable
score possible, 1 thsaieagt favorable, and 4 the neutral point. These
data were gathered in the late 1960's at the height of the student protests,
and tﬁey empﬁatically contradict the notion of a general disaffection with
science among this particular pﬁblic-JWest Coast college students.,

A sfudy conducted recently in Germany27 der-mstrated a wide-divergence

between public preferences for research expenditures and actual government
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expenditures. In fact, the two sets of priorities were prractically reversed,
with defense, space and nuclear research the most heavily funded areas, but
near the bottom of public preferences. On the other hand, the highest
public preferences--medicine, nutrition, pollution and education--were near
the bottom in funding priorities:w level of education did not make too much
difference in public preference, except in four areas: more educated people
preferfgd more research in educatigﬁw;nd computers while less educated

people preferred more research in energy and nutrition. An experimental

variation of this study showed that the preference gap between students and

- "funding experts" closed with the introduction of information on the research

situation. However, the students still tended to rate the chances of success

in some areas of research (e.g., education, pollution, medicine) more highly

than @id the "experts."

Aside from these studies, there has apparently been no attempt to
measure general attitudes about science and technology. Most of the other
measurements of public séience attitudes havé concerned specific, highly

visible topics--space, computers and ecology.

Surveys and polls regarding space essentially began with the launching
of Sputnik. A summary study on various data collected in the wake of that

event28 concluded with the statement:

"In summary, the opinions held by many Americans regarding this
first step into space were sometimes inconsistent, occasionally
rich in non seguiturs, and frequently illogical. Also, these
opinions did not indicate unanimous psychological shock or
national lcin girding, as the press and many issue makers have
insisted. It has become commonplace in the pages of this journal

' to acknowledge that the press and its readership are frequently
not as one, and these data are submitted in part as one more
attempt to-shatter the myth to the contrary."
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Some of the opinion data gathered in the context of space had to do
with the "race" between the U.S. and Russia. A-study primarily concerned

29

with the defense aspeéts of spaée found that after Sputnik, most nations'
publics felt that Russia was ahead of the U.S. However, after the initisl
U.S. successes, these same publics shifted predominately to feeling that the
U.S. was in the lead. The author made the interpretation.that "this demon-

stration_of Soviet superiority représentg a signifiqant foreign policy

victory for the Soviet Union," Yet, according to a Gallup Ib113o, the

_shift from Russian to U.S. predominance has apparently stuck. In 1970,

with 12 nations polled, about 36% felt that the U,S. was ahead in science,
with 22% giving the edge to Russia. in 1959, these figures had been virtually
reversed. -

?ublic opinion on the spacé budget proB%%%y has more to do with taxes than
with scientific matters, but for whatever it is worth, in August, 1965, the
éallup poll found that 16% of the public favored increasing funds for space,

' versus 429, leaving them the same and 33% decreasing them. In March, 1969,
the Gallup data showed 14% in favor of increasé;‘hl% for leaving them the
same and 40% for reduction. However, in August, 1969, 39% favored setting
aside money for landing a man on Mars. A Gallup poll in April, 1967, found
33% saying that éhey felt it was important to send a man to the moon before

"Russia. A )

A poll conducted for the Wall Streét Journal in 197131 on the general
topic of the U.S. being "number one" found that 67% of the public agreeé
that the U.S. should strive to be "number one." Specifically, "more than
80% felt that the U,S. should be first in medical science, manufacturing
technology, social reform, general military prepafedness and world politi-

cal leadership. More than 70% want to be first in missile defense or the

uses of atomic energy, and about 65% want to lead the world in aerospace
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technology. However, barely half (51%) believe the U.S. should try to be
No. 1 ;n sports or space exploration...and more than 62% said they felt
Congress ‘made a wise decision in junking the supersonic transpyrt.“ This
last item is apparently inconsistent with previous items, unless we assume
some sophistication on the part of the public, " Y

In the past decade computgrs have received considerable attention', no
doubt due to the ever-increasing role they play in the day-to-day lives of .
Just about all U.S, citizens. The source of occasional Ainconveniences and
confusions, they have become the subject of numerous 'cartoons_ in newspa:persw
and magazines, Several studies have been done on public attitudes regarding
computers. One, by Robert S. Lee of I.B.M.Be, found two independent con-
st;ellations of attitt;des toward computers, They are seen as being benefici;a.l
tools, and also as being awesome-thinking machines. However, many more people
see them in the former (posj.tive) light than in the latter (negative) light;
and higher education was found to be related to less negative attitudes. Two
psychological variables--alienation and intolerance for gmbj.ggityffwexe found ’
to be strongly correlated with negative attitudes, Other variables such as
receptivity to new ideas, trust and optimism in people and social institutions,
curiosity about mecha.nicalr things and familiarity with the world of business

were found to correlate with pos.iti—ve attitudes towards computers. The author

especially stresses the fact that there was no correlation between the "bene-

ficial tool" and the "awesome thinking machine" perspectives, making the point

-that it would be inadequate to try to measure 7attitudes toward computers on a ) |

simple "pro-con" scale, People can be both pro and con, or neither pro nor con. {
A nationwide survey done in 1972 for Time and the American Federation of

Information Processing Soc::l.'etzl.es33 contacted 1001 people by telephone,

The topic of the survey was computers, and the findings were generally
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favorable to the "computer establishment." That is, 81% of the respondents
felt that computer misfakes are really mistakes made by people who use com-
puters, 75% had had no problem getting a computer-generated bill corrected,
65% felt that computers were helping to raise the standard of living, and
60% felt that business would be in serious trouble without computers.
However, 55% agreed that people were becoming too dependent on computers,
and the same number felt thaf coamputers were dehumanizing‘people and turning
them into numbers. 38% felt that computers represented a real threat to
personal privacy, but only 36% agreed that computers create more employment
than they elimindte. In the realm of- "science fiction" (as the authors
called it) 12% thought of computers as being able to think for themselves,
30% thought that computers could produce more accurate information than
they were given (in direct contradiction to the law of "Garbage in, Garbage
- out"), 17% believed that computers of the future will be able to read your
thoughts, and 23% felt that computers might disobey the instructions of the
people who run them.- Overall, 71% of the sample felt th;;‘life is much or
éoméwhat bett;r because of computers, as opposed to 15% who felt that life

.is much or somewhat worse becauce of them.

~ ~ Another survey,.on a sample of Minnesota residentth, contained several

items pertaining to computers. The following results were obtained:

Iwo thirds of the respondents agreed that "the relationship between
businesses and their customers has become too impersonal because of
the computer,"

About one-third said that they had "ever had a mistake in a trans-
action that was hard to get cleared up because»billing was handled
by a computer."

41% agreed that "American society is. threatened by the increase in
information that the govermment collects about individuals from the
census, tax returns, social security, and so on."

Iwo-thirds felt that for society to function properly, the individual's
right to privacy was more important than the govermment's right to know.
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The author interprets these results (and their relationships rto demo-
graphic variables) in terms of an overall structure of experiences , Values
m attitudes. He concludes by saying: "The profile for the future suggested
b-y thése data is a 'populace more concerned for rigorous privacy related
Juarantees but simultaneously approving cgmputer te:hnology and related
development," - -

The volume of n;s media coverage given to space during the 1960's
without a doubt establishes that area as the most heavily publicized area
related to science, in history. Yet, "space" never emerged as an important
political or social issue to the extent that ®ecology" now has. In iess than
a decade, the problems of population, pollution and the ills brought about
by technology have moved out from esoteric books and technical articles t;o
front page news and institutipnal advértisements. The reasons for this are
complex and no entirely straightfor;ward explanation is at hand. Although
the problem is very real, it has not in fact worséned rapidly. A erucial
factor, undoubtedly, ha§ been the articulate pressure exerted in the late
sixties by activist groups such as the Sierra Club, coupled with a willing-
ness of the media (including magazines and book publishers) to highlight
exposure t;.o this isgue. Also, on the face of it, ecology is a uniquely -
"safe" issue -- what kind of scoundrel wbuld be in favor of_pollution?h a

Because of its sudden importance as a social issuc, a good deal of
data has been gathered recently concerning public opinion and attitudes

regarding ecology. In fact, Public Opinion Quarterly devoted space in two

consecutive :lssues35 to data ‘on‘ecology, since there was too much material
0 cover in one.
In 1965, a nationwide poll found that 28% and 35% of the sample felt

that air and water pollution, respectively, were "very" or "somewhat"

.
¥ ]
Y
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serious problems in their area. By 1970 these figures had risen to 69%
and T4%. Big city residents were about 20% higher at all times than the
overall sample (of which they were a part). Another poll in 1969 found
that 51% of the sample felt they were "deeply concerned” about environmental
problems like pollution, erosion and destruction of wildlife. 1In 1970, a
Minnesota Poll found that 87% of its respondents thought that life as we
know it today will be in serioﬁs trouble if nothing is done about pollution.
In 1970, pollution and environment showed up for the first time as "the

most important problum facing Americali,q the Gallup pqll--6% fel‘l;. that it
was, compared to 27% mentioning the Vietnam War, 27% for campus unrest,
13% for race relations and 10% for. inflation. Also in 1970 a Harris poll
found 58% of a national sample saying they thought that pollution will be
"extremely important" in the thinking of people who vote in November ‘for
a candidate for éongress. A number of polls in the late 1960's 8.;16. early
1970;8 found large majori‘l;ies of people-of the opinion that Federal expen-
ditures for pollution control and natural resourcesf should be increased
(along with cr:_i.me and law enforcement, education and job training). Tﬁe
same polls found majorities in favor of cutting funds for the space program,
the Vietnam war and foreign aid.

. Howevar,. putting their money where their mouths weve, was a different
‘matter for survey respondents. In 1965 a survey found th:t over 60% of
the public was not willing to pay a.nythingi to have air or water pollution
redﬁced, and that less than 30% would be willing to pay an additional $100
" per year in taxes in return for great re&uc_tions of these problems. Another
poll, in 1969, found similar sent;iments: 32% were willing to pay as much ‘

as $100 to solve pollution problems, but 56% were umwilling. While 55% were
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willing tc pay an extra $20 per year, 35% were unwilling to pay even that
much, About three out of four were unwilling to pay an extra $2 per month
on their electricity bills to pay the cost of redﬁcing pollution from power
plants. Perhaps ‘the most telling pair of questions was askléd in 1971,

While 48% of ~ national sample agreed that the American people can afford
whatever 1t takes to clean up pollution, only 22% were personally willing

to pay any extra taxes or higher prices toward this end. An ironical twist
to this is that the public 4s already paying higher prices and taxes for the
“purification of their environment, whether they are "willing" or not.

In 1970, a poll found that the public felt that the chemical industry
and the ofl industry are the chief industrial contributors to air and water
pollution, with the electric power,. ;steel, pulp and paper, auto and rubber
industries mentioned as lesser contributors. Follutants from natural
sources (polleh, glust) were geen as much less important, Furthermore,
public opinion as to the causes of pollution has changed substantially in
the last few years. In 1965, 34% felt that factories and plants were an
important source of air pollution, with 27% blaming automobile exhaust and
164 blaning garbage and trash dumps. By 1970, these figures had changed to
64%, 62% and 34%, respectively, In 1965, the chief causes of water pollution
were geen as wastes from factories (42%), sewage (3;%) and insazjcicides (33%);
and by 1970 these percentages had increased to 69%, 58% and 46%. _

As for solutions for these problems, most people felt that controlling
auto ‘exhaust, controlling chemical and industrial wastes, providing smoke
control devices, enforciné pi'eéént laws or passing new laws were the best
ways to cure air pollution, Stopping industrial pollution, keeping sewage

out of water and enforcing present laws or passing new laws were seen as

the best ways of curing water pollution. Majorities of citizens did not think
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that industries were doing very much to control pollution, and were of the
orinion that the government ought %o step in and force them to stop polluting.
However, .about T0% of the public did not know anybhing at all about anti-
pollution efforts in any specific industries. A majority of respondents in
1965 could not venture an opinion when a;ske't! ‘which 1ndu'stries were doing the
best” job in trying to cut down on air pollution in their part of the country.

On the question of jobs v;. pollution, about two-thirds of samples taken -

in 1967, 1970 and 1971 agreed that if industry is to provide jobs in an area
it is likely to cause some air pollution. However, polls t;.ken_in 1967, 1968
and 1971 found that about 70% of national samples held the opinion that a
plant which continually violates laws regulating pollution should be closed
down until the problem can be solved. And a poll in 1971 found 45% of a
nationwide sample feeling that severely polluting plants in their own neigh-
borhood should be closed down to stop the pollution, even if it put many of

their neighbors out of work. About as many people (two-out of five) volunteered

that they should not have to make that choice. Unfortunately, the pollsters
neglected to ask respondents how, _they would feel abppt the situation if their
own jobs were at stake, nor was any differentiation made between respondents
who actually weré éxpeﬁenc}ng this problem and t;;;se who were viewing it from
more comfortable cix;cumstances (in terms of both pollution and employment).

A general question was asked of a nationwide sample in 19:72: "what
are the two or th.rée biggest problems you feel science has created as far
as you are personally concerned?”" Pollution was mentioned by 45% of the
respondents, 'and the next nearest rival was "none," chosen by 34%. _Space
can create health probiems (a la The Andromeda Strain?) was mentioned by-
9%, atomic bombs by 7%, man's loss of inspiration or values (4%), too much
automation (4%), poor quality food (3%), drugs and control of life and death
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.- .= by medicine (3%), cars go too 7ast (2%), over-population (2%), birth control
t pills unsafe (1%) and insecticides used the wro;xg way (1%).
To surmarize this aect;lon: it appe;rs that ro real effort has been
mede to assess fhe public's attitudes towards the sciences. The majority
of attitude and opinion data gp.thered have been related to'newsworthy issues
A only when they become newsworthy, the foremost example being "ec.ology. " There
is some evidence that opinions on this level are little more than reflections __
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of the contents of vhe news media” , and from the data presented here on the
issue of ecology one could conclude that the public has a definite, if super-
ﬁ.cﬁl anduncommitted, interest in this problem, and virtually no awareness or
understanding of the scientific and technological issues involved. Since man:,'.
of the people most active and vocal concerning "ecology" Ia.ppear not to have S
any better understanding, Aperhaps one should not be too hard on the public
in this connection. -

There seems to be no evidence for any public aisaffection with scicnce
and technology per se in the attitudinal data available on tie subject. It
“would be interesting to ask the same attitudinal items now as were used by
© SRC 1n 1958 and 1959, to determine whether the public has changed in its
general attitudes toward science and scientists. Except for a hejghtened
awareness of the ecology issue, the public is probably not too different in
its regard for science, However, since there are no compfehensive bascline
data on public attitudes and opinions concerning science and ;:hnology,
we really have no wa:y of f:i.nding out how more than a lin;ited gset of attitudes

has changed. The best one could do jis prdperly measure present a:iitudes, |
!

then make educated guesses based on the data collected in the past.
In the social sciences, to say of a prohlem that "we don't yet know

enough about it, we nes? more research" is almost a cliche. However, in
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ﬁost’ other areas, such as political behavior, race relations and education,
at least there is a voluminous literature to substantiate this claim. The
'f;)régoing pages hai(é reviewed, to my knowledge, virtually all available
empirical data on public knowledge and attituues regarding science and
technology; and as far as I am concerned, they fully justify the claim that
"we don't know enough, we need more résearch." Really, we know next tc »
nothing aBogt the public's knowledge, awareness and attitudes toward science
and/or technology in terms of what 'they are, how they are determined or .
influenced, how they change over time, what their significance is, and what

ought to be done about them, if anything. ~

COMMUNICATING SCIENCE TO THE PUBLIC

There has been somewhat more attention by researchers to the problem of
how science is, or Vs};ould be, communicated to the public. The milestone in
this line of research was the survey done by SRC in 195877, which investi-
gated media behavior and demographic descriptions of a nationwide sample.
This study found that the public was basically favorable “towards science
and scientiétsr,ftrrlat education was a strong predictor of science knowledge
_and science interest, that print media (newsgapers, magazines) were the most
important sources of science kncﬁledge s ami that most people had some aware-
ness of science in the news and wanted more of it.

Wh}le more educated people tend to know more about science, they also
tend to learn more. ime studyz'a, using data from news diffusion stutiies s
time trends, a newspaper strike and a field experiment, found that as more
science news is made available, the knowledge gap between the "well-informed"

" and the "poorly informed" grows. The same research team also investigated

accuracy in the contents of science news articles as a function of the




) 32

- articles and the kinds of reporters that produced thew’>. They found that
articles assigned by ed.itérs or originating from other written reports
resulted in the greatest comminication accuracy, with lower accuracy in
articles originatj.ng from public meetings or on a reporter's own initiative.
Social science articles tended to be lower on communication acéuracy than

either medical or other non-medical science articles. No relationship was

“7 found between readability of the articles and human interest material, and

-

message accuracy.
Another studyho found a tendency for science reporf.ing i;n newspapers
_to contain more factual errors than reporting on general topics does, and . .. = _ . ..
that the errors predominately were in the dire;:tion ‘of "sensationalizing"
the material. Accuraéy-'was measured by having the scientist with whom the
story orig:inated note the errors ‘he perceived in the story. These scientists
(193 of them) were also given a series of attitude items, which among other
things found 92% of them agreeing that "newspaper coverage of science is
important for the pﬁblic,." 314 agreeing that "science news coverage is
-generally accurate," and 65% agreeing that "too much emphasis is given by
nejr/s'paper réporters to the uniqueness of scientific results."
A case srtudyhl was done by a group of graduate students on press
coverage of environmental issues in the San Francisco area. " The study v
_approached this area from several directions, related more to the process
of commi:cétion than to the effects of the commmj.cation on the public,
The topics covered included sources of environmental news, editorial policies
in this area, public relations tactics of polluters, and prescriptions for
— curbing the excesses of (institutional) environmental ad campaigns. This

sthdy was apparently done with the prelpise that environmentalists are the

"good guys," and industries are the "bad guys," an understandable bias in

light of the timing and circumstances of the study.
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Several s'cudiesh2 have looked at media editors' attitudes as compared
fo those of their préspectiVe audiences. The consensus seems to be that
‘eQiiors tend to incorrectly estimate both their audiences' interests and
their capacities for deaiing w}th science materials.

A study done in ‘r"oil.‘a.ndl‘L3

found that a series of popular science pro-
grams on television aimed at satisfying educaﬁional needs of listeners were
more than twice as popular as a series that had been desigﬁed according to
scientists' conceptions of popularization. In Poland, as in Aﬁerica, people
with ﬁigher educations tended to watch séignce programs more, and this was
especially true of programs popularizing science according to the special;
ists' concepts of popularization. ' The author says: "In my investigation

I found that the layman is not so much interested in the‘knowledée integrated
around individual}y or socially important problems, but more in the practical
knowledge. The public is not composed of persons in search of knowledge for
the sake of knowledge." Data alrea@y presented suggest that this would apply

as well to the U.S. public. Allowances should be made for the soﬁewhat broad

definition of science used here, In general, science seems to be more

broadly defined among Europeans than among American scientists.

" One pair;dfihtﬁaiéﬁhh found that stylistic variables do have significant
influences on audience effects such as information gain, enjoyment of thé
material, attitudes towdrd specific areas‘of science and impression of
difficulty of the material. " Without chan.ing the content of articles on
enzymology, polymer chemistry and plasma bhysicé, it'was possible to manipu-
late variables such as sentence lenézh, ﬁércentage of sciéncérﬁords, vocabulary
difficulty, and éi;ository devices such that better (or worse) communication
of science resulted in audiences of junior college and university students.

However, the textual manipulations made no difference to an audience of

*

professional scientists.
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The Summer, 1963, issue of Journalism Quarterly was devoted almost
entirely to science in the mass media, with articles focused mostly on
the process of communicating scien@e to the publichs'se. A later study53

noted the large amount of coverage given the Gemini space shots, and

- - anotherSLL

;nalyzed stylistic levels of writing aimed at audiences of;different
levels of education. i -

Mental health is not generally thought of as an area ofrscience in the
same sense that physics, biology, etc. are. However it is germaine here
because a comprehensive stud& was done in the 1950's on popular conceptions
of mental health and strategies fér chahging public attitudes concefning X
mental health and its treatmentss. This study, practically a microcosmic
example of what ought to be done with regﬁrd to the entire area of public
understanding of science, systematically explored existing states of public

. information and attitudes, what experts in the field of mental health thought,
the picture of mental health presented in the mass media, and the effects on
knowledge and attitudes of varioué strategies énd styles of commnication.
The study found that the public was not so much misinformed as uninformed
about mental health, that public attitudes were ambrphous and weakly held,
and that the public was receptive to more informationrin this area. However,
the mass media presentédrinformation abaﬁfimental health that generally
tended to be more entertain;ng than factual and was further afield from
expert opinion even than what the public believes., Information, even when
"oversimplified or downright incorrecf, was found to impro#e paglic attitudes
aboutrmeﬁtal health. Some terms (e.g.; "insane") were found to lead to less
favorable a’ttitudes thaﬁ others (e.é., "emotionally disturbed") and thus Qere

‘detrimental to effective communication. Certainty of information, the presen-

tation of solutions, a positive tone and an easier writing style were all found

to contribute to better attitudes in the area of mental health.
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Although the commnication research literature abounds with evidence
that mass ﬁ;ai;T;;blicitymcampaigns have-iimftéa influence, let us end on
a positive note with two studies that give us hope. One56 concerns an
intensive media campaign on mental retardation in a Wisconsin commnity
involving numerous news stories and feature articles, radio spoté,‘speakers
at clubs, items in- church bulletins, posters, displays and "Mental Retarda-
tion Week." This campaign was successful in bringing about large gains in
information on the topic of ﬁental retardation and in fostering more
positive attitudes (there was a positive correlation betwéen information
gain and attitude change among the people tested, as well). The author's
conclusion is that successful campaigns such as this‘may well be limited

to topies on which informed people are unlikeiy to differ--but certainly

there are areas of science of which this is true,

The'other*study57 deécribes several successful public information
campaigns, and offefs the following prescriptions for others whowseek the
same results: (1) sgttle for a spgg%fic target aﬁdien§$37don't exbect
everybody to be interested, (legim for middle~range goals such as heightened
awareness, information gain or a moderate level of behavioral resppﬂée,

(3) analyze your‘target'audience thoroughly and tailorxéhe ;essage to it,
(4) involve both cémmunications researchers and practitioners, in the pro-
cess of producing the material, and (5) in evaluating- the campaigns, pay as
much attention to delineating specific aspects of the commmnications process

which contribute to success, as has been previously allotted to demonstrating

failure,
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INTRODUCTION

American tourists in America

In this brief note I want to put down some thoughts in answer to the vzry
legitimate question posed in the title, and to attempt to do it-in a systematic
manner starting with the most general reasons and moving to the more specific.
The question is not posed in the abstract but in the concrete cultural situation
of the ‘USA in the early seventies, and before attempting the answers it is nec-
essary for any observer to provide his picture of this situation.

"Tourists in their native land:" that is the situation, I believe of most
Americans with respect to their total cultural milieu. Those tourists who
have been to London or New York a half dozen times, and have become familiar
with all the mechanical necessities for the comfortable operation of their
visits - are my models for such "tourists." Such "tourists" have become
fhoroughly familiar with JFK or Heathrow, the 'hotels in the right price range,
the most suitable restaurants for lunch and dinner, the interesting museums’
and escape resorts, best ways. to get theatre tickets, etc. They are thoroughly
at home in the city for a week and even take a proprietary pride in it back on
their home turf in Los Angeles or Keokuk, I11. Yet they are by no means "natives.”.
They have no concern about or understanding of the 'soul’' of the city. They
are unfamiliar with the unmelting pot of traditions, of what it meant to be'a
Jewish lad at bar-mitzvah time in Brooklyn or part of the less mobile German
community in the east eighties or the patrician WASP establishment. The tourist
does not need to know what makes the city tick. He is unconcerned with the
politics of Tammany Hall or the traffic problems created by’the World Trade ‘
Center to enjoy and utilize all that New York can offer him: The tourist of
course need not, while being a citizen requires that one know his city in this
way.. Does the American citizen know his 20th century culture? I submit that
he does not and is, in fact, a tourist in it.




The philosophical vacuum

It is the principal thesis of this pronosal that one of the most deep-
seated problems of contemporary American society is the failure of that )
society to assimilate the scientific world-view into its nsyche while so
much of its economic, social and even, political 1ife have been dramatically
altered by (and are now wholly dominated by) the fruits and faults of that
same science.* We assert that the problem of the alienated younger generation]
is but the most vivid manifestation of the profound dis-ease and malajustment
felt by a much wider segment of society. This is a society that cannot compre-
hend most of our sciehce and technology -~ and hence are afraid of it and cannot
fail to control it for the benefit of men. We claim that while it is of great
importance that our society get on with the job of ameliorating the neglected
or impacted areas (where the harmful effects of science and technology have
been poorly managed) it would be extremely short-sighted if we limited such
concern only to the symptoms, but took no action at the oot cause of our
malaise.

One does not need to take as critical or pessimistic a view of technology
as Jacques E]1u12 to assert that part of the general problem of our society is
that the basic processes of democracy are being obsolesced by the pervasive
ighdrance and misunderstanding of some of the most important forces shaping our
lives. How can a democracy function when theje]ector is unable even to under-
stand the complexity of many of the issues facing it, and the demagogue can
capitalize on over-simplifications which distort the issue out of recognition.
There is Tittle doubt that new forms of the democratic process itself may have
to be developed, but in none of these areas can we hope to make substantive
progress till the blight of cultural illiteracy is removed from the land. Tens
of millions of children go through high school, miilions graduate from.college,

thousards become professors and priests and legislators and executives, believing

1 In a recent article by Bruno Bettelheim, Enccunter 33, p. 29 (Sept. 1969),
the theme is developed that it is the dominance of a complex technology in
our culture that has made thé younger generation feel superfluous and hence
‘alienated.’

2 The Technological Society; Alfred A. Knonf, Inc., New York (1964).
*

We will use ‘science’ to cover the "science-technology" blob perceived by
the general public.




in the crudest eighteenth century picture of a closed system of scientific
facts, and neither understanding how a 1ight bull works nor how snace ships
are powered. The same people wield enormous power over the few who under-
stand the issues. This is not new in history: illiterate kings and generals
have long dominated the learned ones - it is only strange that we should for
so long have tolerated the evil of such-"illiteracy" in a world so fervently
committed to education. The public's education in, and understanding of
science as part of the whole of man's knowledge is hardly the icing on the
cake of education, but sits at the long neglected core of the whole enter-
prise of "seeing large the .things which are large."

Status of science in the U.S.

Subjective views and scattered observation suggest that the national
_climate for'science has not been as low at any time since WW II &s it is now.
This is caused in no small part by the careless rhetoric of politicians and
the press. Even the successes of the scientific enternrise have the unhappy
consequence of widening the chasm between the scientific community and the
non-;gébnica] segment of society.' It is becoming increasing]y’apparent that
unlé&s this gap is bridged by wholesome communication and interaction between
the two ‘cultures,' the pace of scientific progress will be greatiy reduced,
possibly to the detriment of mankind in view of the physical requirements
for survival of mankind on earth.

The interpretation of science to the many special publics which con-
stitute a nation, the ba]anced‘gxp]anation of science's potential for serving
mankind, its limitations and its problems, needs many attempts and diverse
strategies. There are no well-trodden successful paths. What is needed are
wide-ranging studies of the useful content and methodologies of communication
of that "science" which each segment of the Public can both understand and
effectively utilize.

Present activity in the field

It is fair to say that the total activity in the field is so small as
to be nearly zero compared to the effort required. For a total national K & D




effort of 25 billion, the identified programs on the Public Understanding of

Science, (chiefly in the NSF and the S]oan‘Foundation) amount to less than
$1 million per year. Tc¢ this must be added much of the understandiﬁa and

’ misunderstanding conveyed by company and commercial advertising. The types

of "P.U.S." programs range from publishing magazines (e.gq. Environment) tn
summer courses for special groups, training in science writing, TV specials,
newsletters, environment-action programs, etc. In most instances, however,
the effort operates at the point of one issue (e.g. pollution) rather than
on a broad scope. Furthermore, these efforts are reaching a very small
number of rcople and a limited segment of soceity. Such efforts overlie the
main contribution to such sc1ence-understand1ng which should come via the
public school system.

Why single out science?

The claim that the various publics are "illerate" about science is not

unique. They are rerhaps also equally uninformed about art or philosophy or

histiry. Should not these areas receive as much emphasis as science? A
Justification that "science" deserves a special place may perhaps be made on
the basis of the following arguments:

(1) -Our total culture with which inhabitants come into some equilibrium
over a period of generations has a myriad way of achieving this "education."
The laws, mores, customs, the myths and legends, the architecture and the
art are all such cultural enforcers which demand such an adaptation. But
science has not yet seeped deeply into culture so that these maﬁy other channels
by which the public could acquire an understanding are not yet available.

(2) The context of most formal vehicles of the most general educat1on
changes relat1ve1y slowly. It is in the area of science and techno]ogy that
exceedingly rapid change has occurred in the last few generations and hence even
if all change were suddenly frozen, it would take a generation or two to find
the appropriate content and the best means for its delivery in communicating
science. Instead of being frozen the rate of change itself is increasing.
Obviously also, with such rapTd change, the twelv: years of formal education
are but a snapshot of the mL.ing stage of history and the need for contlnulng
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‘ . education is most acute in this area where todays relevant material may not
have been even conceived a decade or two ago.

(3) "From each according to his abilities, to each according to his needs."”
This Biblical original of the Marxist maxim is cited by our colleagues in Poland
"as their guideline in selecting what science the public should know about science.
The public involved should know that science which it needs. The man in the.
street needs to understand the rudiments of the operation of his household
F : ‘gadgetry, something about the broadscale i§sues of environment or defense.
| ‘Most importantly he needs to come into an accurate affective relationship with
this worldview rooted in his own traditionsyet threatening many of them. That
specialized public - the legislature - needs in addition a much more detailed
understanding of certain parts of science or technology, and especially of the
complex 1nterweav1ng of science with the economic and social fabric. Why single
-out science? Because in a mundane,utilitarian sense the various Dubl1c(s) need
it for their day-to-day operation.

(4) A fourth reason is another §§gect of 'need.’ In a world-of inter-
cultural competition, national healzh and survival - emotional, economic and
"~ social - may well depend en how well and how fast a nation adjusts to the moving '
escalator_of science and technology. There is no grounds for complacency that
because the U.S. once led and even shaped this adJustment that we are doing ‘

as well as many other cultures now.

(5) A final reason is-implicit in our thesis that one part of the
al1enat1on the national anom1e ,is caused by the average man's failure to
come into a more who]esome r_elatwnshw with his culture. Here the 'need' is
more subtle — it is not a felt need. This Ws"a matter of judgement which only
the national leadership can render and act upon. If "doing science" is modern
‘man's-eathedral building, if there is no return to the simple man-nature relat-
ionship but one must bring the scientifically enlaéged perceptions to fully
appreciate, and design a contemporary man-environment symbiosis, then all the
publics need a much deeper appreciation of science than they now have. This
is not to aﬁswer that other needs do not exist. (I, personally, would say that
an analogous need exists even more. intensely for a contemporary national working
philosophy to update or‘replace the Judaeo-Christian framework of culture which
,;;, is slowly being eradicated from within.) -

_—




SUMMARY
SUMMARY

In answer to the question posed it has been asserted that:

1. The general public of the U.S. does not understand a large part of
the physical, cultural and philosophical world in which it lives; and that
contributes to a national impedance mismatch between people and their own

—culture. . .

2. That the effort to eliminate the ignorance or "i1literacy’ of the
various publics - geheral, opinion formers, legislators, etc. - is pitifully
small and héncé the aftitudes of these publics is subject to non-rational
change. -

3. The reasons developed why science deserves special attention at

this time in history (since the publics may be equally ignorant about philosophy

or art) are: ;
' a) Because science is such a recent human activity it ddés-not'yet
have the many ways of being infused into the life of a people that the
other fields have. - 7

b) Because science expands and chahges so fast (absolutely and as .
compared to other fields) it needs special vehicles to reach the many
publics with whateverrcognitive or affective learning desired or needed.

c) Because the general pub1ic and special publics (such as ]Esis]ators)

need more science understanding for the conduct of daily affairs (in a
way which cannot be claimed for other fields). )
d) Because international 'rivalary' and 'compeiition' force each
culture to come to terms with the international unifying econo-technical
environment, and we could be far behind already. R
é) Because'doing science'iis modern man's cathedral building and
he 'needs'it - along with other activities - for spiritual survival.
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PROBLEMS; PUBLICS, AND STAGES™OF DEVELOPMENT IN

PUBLIC UNDERSTANDING OF SCIENCE

yC — Introduction

The research questions we ask are to a substantial extent determined
by our conception of what it ié we are studying. And yet, if one looks at
the literature of public understaqding of science, from survey research on
the one hand to what Polykarp Kusch calls 'ceremonial oratory” on the other,
we see that there has been very little effort to describe what is meant by
"public understanding of science".

The most common assumption equates_public understanding of science
with a knowiédgé of facts. This carries with it the belief that facts
determine action, and that if we could teach people more facts -of science,
a whole series of problems would be taken care of, from support of/basic

_research to smoking to water pollution. e e Ao

I

, i
But is this really what we mean? Obviously, facts are an element in

P—

any kind of science-;eiated situation. But what facts? A knowledge of
science as a whole? Of physics? Of the effects of DDT on the golden eagle?
And who says they are facts? How accurate are they really? And what about
attitudes? And who wants what facts communicated for what reason?

Vhen one starts asking quesfions such as these, it becomég rapidly
apparent that describing public understanding of science is more complex and
difficﬁlt than it seems at first glance. In this paper, I woﬁid like to
éropose'a prelim{nary and tentative description which will perﬁaps suggest
some research questions that might not have been asked before, and which

may serve as a starting point for a more careful conside;atigﬁ og the whole
. - ’,,.3-—-1—-4'

question of definition. S




increasing at a very rapid rate, perhaps 1,000,000 book equivalents per
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One Possible Definition

What does the phrase "publlc understanding of science' mean? Taken
literally, the three key words mlght be defined as follows.

The "public" is the population of the country, roughly 200,000,000
people, with about 150,000,000 adults and abeuf”SD,OQ0,000 young people
under 18 years. The adults cen be grouped into a number of eebpublics: men,
women, Democrats, lawyers, purchasers of aspirin, people with cancer who
don't know it, readers o?_;e;papers,rmayors of small towns, or conservation-
ists. The~youné people can also be grouped into subpublics: boys, girls,
students enrolled in high school phy51cs courses, members of sclence clubs,

future nonscientists, drug users, or high school dropouts.

The "understanding" that the public is to have is that which is suf-

A

ficient to achieve some purpose, the purpose usually carrying w1th it thé“

implication of some effect, some action such as supporting basic research,
getting a chest X-ray, stopping smoking, voting, wriiing a letter of protest,
appropriating corporate funds for pollution control, or using a less dan-
gerous pesticide. These actions fall into several categories. The first

is indi;idual voluntary‘action, brought about by simple information or byi
persuasion. The second is action brought about by a change ie the envi-
ronment, such as with a car with a buzzer that won't stop until the seat

belt is fastened. And the third is one in which the action is broughf

. about by coerciony such as the threat of fined ini water pollution control.
Smieteddubituadii

,{—-»&

"Science" is first of all a body of knowledge which is the equivalent

of some 10,000,000 books on science and its appiications. This.body is

Yyear. However, science is not just knowledge. It is also a'methodology,

an assortmen; o{ procedures and techniques enabling the scientist to

= -I

” —
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theorize, study, experiment, predict and veri}y.r Science is also a phi-
1osophy ahd ideology, a way of looking at the world and the people and
institutions in it. And science is a social institution, made up of people
and organizations of a widely var&ing nature.

Tooay it is necessary for the citizen to undesstapd far more than pure
science, for the impact of science arises from its uses. And so when we say
public understanding of science, we often mean an understanding of the uses
of science in engineering, medicine, agriculture, and increasingly in
technology as well. Technology is the application of knowlege to practicai
purposes. It can be thoughtM?f as a tool, as a body of knowledge developed

e

e
for specific -purposes, or qs a methodology which can be brought to bear upon
a specific problem. |

*

4
Thus, taken llterallyg "public understanding of science" mlght be

defined as the job of putt&ng everything we know about a11 aspects of science -
and its uses into the minds of 2C0,000,000 persons in order to bring about

a wide range of voluntary and 1nvoluntary actions. Such a definition is so

:all-encompas51ng that it is useless for most purposes, and so we must look

for means of 1nte11ectual’organlzatlon which will enable us to sort out and

arrange the large number of elements involved into some sort of more mean-

ingful relationship.- —

A Proposed Model

One means of intg}lestual organization is a social model. The one that
I propose assumes that the chief need for public understanding of science is
because there. are important probiems whicﬁ a better understanding of science.
on the part of the public-might help.tofsolve. Thus, the science-related

proolem is the key element in any consideration of public understanding of

science (see Appendix A for a list of problems), and the proposed model
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focuses on how a ‘problem appears and is handled in society. The model is
one which is equally applicable to the individual, but in this paper I
shall concentrate on the aspects dealing with society.

A problem involving public understanding of science is not a single

event taking place in a short period of time, but rather something which
gradually develops, is recognized, and is dealt with in some manner. Some-

times the problem continues despite the action taken, sometimes it disappears,

and sometimes it disappears to reappear for.the whole sequence to take
place all over again. The entire public never participates in considering
and dealing with problems at any stage. Instead, portions of the public are

involved at varying times in different ways and- to varying degrees depending
- - e—

»

upon the problem.

f

The proposed model suggests that the development of any particular

- problem in society involves six key stages in which five different publics

are invélved:

7 »The six developmental stages are tﬁe Preparatory Stage, prior to the
recognition of the problem; the Problem Definitién Stage, in thch the.-prob-
lem is recogﬁized, defined and accepted as a pfoblem; the Solution Formula-

tion Stage, in which a ternative solutions are proposed; the Decision-Making

Stage, in which a solution is accepted; the Implementation Stage, in which

the solution is apblied; and the Evaluation Stage, in which it i's decided
whether .the solution has Suc&essfully solved the problem.

In eacﬁ of thesg‘stageé, there are varying degrees of involvement on
the part of portions of five différent'publics. These publics are the - =
Leadership Public, made up of national, state, and local leaders; the
Communications Public, made up of members of the mass media, educators,

members of the church, and so ou; the I?;grgsted Public, made up of persons
- i i
3
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com— ""Ig‘
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who are interested in and pay attention to scme aspect of science; the I

General Public, made up of the majority of adults; and the Young Public, made
up of persons under 18 years of age.
Of course, the whole business is never as clean and simple as the

description. Solutions may be formulated and decisions made before the prob-

e

lems are clearly understood, as in drug abuse. Decisions may be made before
adequate solutions have been formulated, as in automoblie pollution control.
But even in these cases, a consideration of the various stages and various

publics does enable one to see the whole problem more clearly.

The Five Publics

The Leadership Public ) - i

The Leadership Public consists of the President of the -United States,
rembers of his Cabinet, the Congress, state governors and legislatures, top
level management ih'inddhtry and business, top labor leaders, high’placed

educators, church leaders, and so on.

Bell, Hi}l and Yright, in their book on Public ieadership'(l) divide
public leaders into those with positional or formal leadership (elgcted
political leaders, higher civil servants and political appoinfées, business
leaders, miliféry leaders and officeholders in voluntary associations),l

leaders identified on the basis of reputation through the opinions and judge-

‘ments of others, leaders identified on the basis of social participation, jeaders

identified on the basis of personal influence or opinion leadership, and
leaders identified on the basis of their being involved in key decisions

at a community, state or national levél. o - ‘

7The number of persons in the Leadership Public-would -depend very much
upoﬁ the extent to which one includes personal leadership on a local level.

Let us simply assiume théi'there ére 1,000,000 persons in the ngdership Public.

-
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- The Leadership Public has the following characteristics:

1. It is ar extremecly hetelogeneous group.

2. The léadéfs areiofteﬁrdgfferéhtrfgr differént p;obiemé, and
the}éiis not a great deal of overlapping.

3. Leaders probably receive a m&ch greater preoportion of their
information on an informal or face-to-face ﬂasis than do most of the rest
of the public (advisors, testimony, committee meetings, knowledgeable ac-
quaintances, etc). |

4. Most of the leaders do not have a very good background in
science, though it has imbroved over the past few years.

5.?:Leaders are interested -in solving the problem, and science is
generally a means to an end. -

6. Leaders tend to. move only after some group has defined the

problem and offered some solution.

The Clommunications Public

&>

The Communications Public is made up of persons in the mass media
(newspapers, magazines, books, radio, TV, films, recordings, museums, etc.),
persons in education (elementary, secondary, university, university extension,
industrial training, etc), the church, agricultural exteﬂsion, doctors, den-
tists, and by no means last, scientists andAegéinéers,

Againr the number in the group is subject to variations depending on
one's definition. ILet us assume that there are apout 5,000,000Vpe6p1e ig
this group. 3 .
- The Communications Publié has the following characteristics:

1. It is an extremely heterogeneous group.

2. The members play a.double role - that of receiving communications,

. and that of selecting, repackaging, and recommunicating.
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3. Their understanding of science varies tremendously.
~- ——— k.. Their reasons for communicating vary tremendously.
5. The audiences which they address may’bé quité different, or
may have extensive overlap. -
6. -The group has many of the same characteristics as the Interested
Public, and when not p}aying‘thgir cémmunications role, could be considered

e | . ~
a part of the Interested Public.

The Interested Public

The Interested Public tends to be made up of the better educated higher
income segment othhe publi¢, and contains the persons who are more interested
and active on a local, state and national level. These pérSOns are important

in that they are the influential-group to whom the leaders speak, and who both

respond to the leaders and communicate down to other membersrof the public.
About 20% of adults have been to college for one year or more and about -
10% have undergraduate degfees. Since education is one of the prime pre- -
dictors of iﬂterest, we can estimate that the Intereéted Public is perhapé
20 of the adult population,ror 30,000,000, 7 ;
The interested Public has the folléwing characteristics:
1. It tends to be well-educated. As Schramm and Wade (2) comment,
QWhen,personé have had less than a high school education, they have apparently
picked interests and skills that legd'them to continue seeking inform;tion

and enable them to understand." 7 .,M“W“A,:fi:f

2. Tt has & bétter than éverage knowledge of .science. Again
- of -
qqugng Schramm and Wade, "So powerful is education as an indicator of public

knowledge, from it alone one can predict as much as from all other demo-

graphic characteristics.!

psom s o S

JA———

3. %hile it~ is not homogeneous, it is the least hetereogeneous of

- A M %y




all of the publics.

. i, It tends to specialize in problems (conversation, etc) and is
not equally interested in all probiems.

5. It is the principal consumer of the mass media with the
exception of commercial television.

6. It does contain some people who are not well-educated but 73
who are also interested in science. It is not known how people acquire such
an interest.’

7. It‘is the chief recipient of the science information noﬁ being
communicated. -

8. It is not representative of the public as a whole, being

underrepresented in terms of wbﬁen, blacks, Chicanos, the young, etc.

The General Public

The General Piublic is made up of all other adults, and contains a wide
range of individuals who'haVe on the average less education and less income
than thg other publics mentioned.

By subtracting the numbers in the oth gories, we can arrive at

roughly 115,000,000 persons in the Gene
The General Public has t
e Y

1. It is the most heterogeneous of the publics.

2. It is not wellieducated as a whole. S

3. It does not know a great deal about science.

k, It is not very interested in science.

5. It is the major consumer of commercial TV1’reads some news-

- papers and magazines, and reads few books.

6. It is usually not the group reached or involved when someone is

communicating to ‘'the public". ' : .
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7.' Its principal means of feedback is through the public opinion

e

poll. It tends to be apathetic about most issues and not active.

-

8. 1Its attitudes are relatively stable and hard to change. '
9. It tends to look for cues and mood responses in communications
rather than facts - in other words, it listens to tone rather than content.
. 10. The activities that one individual member has in common with

other members are watching TV, voting, purchasing and using new products,

J—

having children, workihé, ete.
11. It tends to turn to leaders for guidance on pJSIEc issues.

.12. It is nore interested in football, food prices, new styles,

-

v stars, etc.than in science-related problems.

EES Young, Public

—

The young public is made up of all persons under 18, admittedly an

- .

arbitrary definition. This includes young people‘in §chool, those working,

droéouts. and those too young to go to schpol. It includes about.So;béa,OOO"

individuals.
The Young Public has the following characteristics:

1. It varies widely in years of education and in sophistication
| ) ; .

and interests. B - : LT

2. Its two major waking activities (except for the very young)

‘are going to school and watching TV.
) 3« It is a major consume of TV but does not read much until high
'schoo? . It probably reads less than previous generatiuns.

——r "~ k. It starts out without any knowledge of or attitudes toward science.

5. It fegds into the general public and the interested public

kg

3

at a rate of about 3,000,000 pér year.

-

— e




-10 -

6. It is a very different group from persons of similiar age 20

or 30 years ago.

The Stages of Development
The Preparatory Stage
The Preéaratory Stage is one in which the individﬁal is doing at least

two things. First, he is storing up information for possible use later on.
Some of this he selects deliberately because he believes it w111 be of value.
Other information he s;mply acquires because of 1nte11ectual‘curiosity and the
satisfaction of knowing. Secondly, }he stage provides a :rame of reference
for evaluating information and problems or questions. No person can be

knowledgeable about everything, nor can he be .concerned about everything.

This stage helps him to see the total picture, and so to put péoblems in

some sort of priority, deciding what he will pay attention to and learn about.
‘ For the young, most of this stage involves his formal educat;on, and to
a secondary degree. the messages he receives from the mass media. For the

. adulﬁ. most of the information comes from the mass media.

7 Based on what we know about the impac;wef education, we can suggest that
the most active persons in the Preparatory Stage are those with a college
education - thus those in the Leadership, Communications, and Interested
Publics and older members of the Young Public. It should be noted that even
though these people may have had an edecation with some science in it, new
Aeveiopments iﬁiecience and the applications of science are occurring with
such rapidity that they must keep up, for much of the science they need to
know will have been discovered and used after the completxon of their formal

educat1on.

—

The Preparatory Stage is highly important in that the more prepared the

members of the public are, the better'able they will be to assimilate the
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new information which they will need to deal with socme particular problem,
an& the more rapidly they will be able to &o it. If their ,reparation is not
adeguate, it may be thav they will not have the time or energy to be ablé to
learn the necessary new information, and consequently will not be able to
participate actively in dealing with some problem.

Forrthis reason, & large portion of th; total public simply dées not
participate at any stage of the development process uatil the Implementation
: St#ge (as targets for change), and even there, lack of background knowledge
may prevent tE;m from assimilating and using new information necessary to

carry out a solution to a problem.

The Problem Definition‘Stas: o

The basic need for public understanding arises from some sort of a
problen. The,problem might«berphysical; ;s with dental caries, to be sol;ed
by fluoridation; or it might be psychological{ a fecling ofungaslness
because a person does not underst;nd what is going on in a répidly changing
world. It might be an actual problem, such as water pollution, or it might
be a potential problem, as with genetic control. -

"A prcblem may have.ekiéted for a long time, but it does not get
attention until it bothers enough people sufficiently for them to want to do
something about it. At this point, there needs to be a definition of the
problem -- causes, effects, persons affected, etc; There are a number of
groups which define problems fbr_Q§ ~ the mass media, study committees,

gsocieties, citizen groups, youth groups, etc. One of the n3st interesting

developments in public understanding of science is the growth in the in-

stitutionalication of problem definition. There are now groups which do

nothing else, ranzing from the Institute for Ethical Problems in Science to

Public Interest Research Groups to the qewly-formed Office of Technological

Assessment.




’with the plans they have made for the solution of their problems. In addition,
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An important aspect of problem definition is to get, the problem clearly

: deflneo., For-example, there still exists great differences of. opinion as to

what constitutes drug abuse. And there was a great deal of difference of

" opinion regarding the potential dangers of sonic boom and pollution of the

upper atmosphere resulting from the use of supersonic transport planes.

In the, past, most problemﬂdefiﬁition was focused on current problems,
onesewhich vere causing difficulties at the present time. However, there has
been an increasing demand for definition prior to the actual fact, so that the

problem can be dealt with by simply notcpermitting actions which would bring

-~

it about, The Office of Technology Assessment—lsean organlzatlon which deflnes

s

pxlor to the ex1stence of a problem. ,'
There also may be problem redefinition, where there is a disagreement
with a previous definition of a problem. Now an increasing number of e;perts

are saylng that marlguana is not as dangerous as previously thought, ‘and that

consequently the solutlons formulated and decisions made are not correct.

Redefinition is extremely difficult, as apparently once a problem definition

»

israccepted, there is grcat4resistance to acceptance of a new definition.
A very important aspect of problem definition is galnlng acceptance, that

is, gett1ng a sufficient number of people to accept the fact that there is

a prohlem as defined. This is not simple or easy to achieve. First, there . /

- are many problems already, and many groups interested in the solutions to the

problems.' Thus, they do not~want more problems, since these might intefere S

* P

LN

there are other problems heigg_gefined concurrently with other groups pushing

——

“for their acceptance. Lastly, there are too many problems already for most

of us, and we don't want any more if it is p0551ble forwgﬁ to deny or ignore
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A great deal of data mey therefore have to be gathered, and many arguments

made before a problem becomes accepted.rwlt is interesting to speculate on

how problems become accepted, and what the threshold level is. For example, -

there had been much writing and discussion about pesgigldes before Rachel

e

Carson published Silent Spring. Why did this book have the impact that it
did?nryas.it timing? Was it the preparatory communications? t'as it the

quality of the writing? 7 .

——

There also can be organlzed resistance to having a problem accepted. This

- i - \ o5 e

vas the case with pesticides. It was also the case with the SST, 1n uhlch a
number of industrial and business groups tried to disprove the contentions

_ tnat there would be enough sonic boom damage or upper atmosphere pollution to

“constitute a problern.

Acceptance of a problem comes when enough persons agree that the problem

exists and that some action should be taken to alleviate'it'or prerent ite
77 Acceptaﬁce is gained rhrough a number of peans: rational arguments through'
-— .rgports, speeches, newspaper articles, magazine articles.Aetc., actual events
confirming rationei arguments (earthquakes. increase in cancer of the lung,
v1ew1ng a polluted river, etc.), 1rrat10na1 arguments (predlctlons or catas- )
trophe, appeals to prejudice, etc.), and possible gain on the part cf an
individual or organization (sale of pollutlon equipment, ‘increased appros -

-

priations, etc.). i
It should be noted at this point that the "public' does not define

problems nor does it participate to any great extent in the definition. This -

is true even in the cases where the entire population might be affected. it

_seems tﬁat for each problem, there is a group of definers with a segment.df_

- the interested public and the communications public who work to try to get a

large enough segﬁent of the population to accept the problem so that the
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leadership will be willing to support action. 1In this regard, groups that
dcfine ‘problems are not necessarily those who will be entrusted with the

responsibility for carrying out the solution.

Tﬁe Solution Formulation Stage

Solution formulation involves deciding what should be done once a problem
is accepted. Solutions to problems are formulated by .competing groups, usually
from the 1eadersh1p and interested publics. For example, in the case of
pesticides, these groups included conservationists, the Department of hg;icul-
ture, industry, scme scientific societies, scientists, Congressionel commit-
tees, and consumer groups. For a dxfferent problem, most of these groups
uould be different. -

The competition-among alternative solutions generally takes place
through the media and through personal commﬁnication (speec;es, testimony,
etc.). It involves individuals from the leadership public, tihe- commun1cat1ons
pub11c, and the interested public. The number ‘and mix vary with the problem.

It is important to note that here again; the publzc as a vhole does not
part;clpate in solutlon fbrmulatxon, but at best, selects from a var1ety of
alternatives offered. Even then, most of the public does not part1c1pate,
__but rather only those interested and concerned, drawn largely from the Interf
r _ested Public. The public as a whole accepts a particular alternat1ve solut1on
~ unless-.it is exceptxonally‘;ndesxrable, re1y1ng on ‘the leaders to make the final
decision.

At a later date, the public or some portion of it may decide against

the solutgpn or resist it. In some cases, this is because the solution

formulation took place without pgbliq_knowiedge (the knowledge of groups

interested in the problem) or because the solution was not adequate, as in
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the case of cigartette smoking.

-, Solutions can vary w1dely, and’ may be a1med at bringing about change°

[,

on the part of a relatlvely small or very laaae group of persons. These

persons may include the ones who propose the solution, but in many cases, they

do not, as with drug abuse. It is important to emphasize that solutions may .
irvolve something other than communicating science infb;matiou to the public,

as in the case of legal controlsronﬁpollution or a buzzer in a car to force
theAQtquf'seat belts.

The kinds of actizns involved in solutions include:

.= Voluntary individual action, such as taking birth control p1lls,
stopp1ng smoking, usxng'non-leaded gasol1ne, or eat1ng a-varied diet. Per- : .-

sons may take these a¢t1ons because of factual information given to them, or

»

may only do so after being subjeéted to some form of persuasive communication.

- Involuntary individual action, such as fastening a seat belt to

-

stop a buzzer, dr1nk1ng f1uor1da§ed water becanse there-is no other cho1ce,
or not using as much electr1c1ty because the power is cut off, The reason

“for such action can be a change 1n the enviromnent (£1u0r1dated water) or

— . T

coercion (laws, higher prices, etc.). - .

- Organizational action, such as a compeny installing pollutant

fonem

emission contgo}Aequipmeat, spraying for the gypsy moth, or cuttinEiback on

nuclear warheads. Action can be voluntary or the result Qf‘coérCion.

Most of the thitking about solptioné in pﬁblié understanding of science
tends to be in the area of voluptar& actions brought about by commuqicating
fiétﬁél information or by persuasive cbmmunications£;31ncethe desire@ :esulté
often involve éetting people to chénge habits or do somet@i&g;zhich they
don't particularly want to do, many of these communications solutions have not

worked. It is not possible to say at this point whether the solutions themselves

were unrealistic in view of our present level of ability to communicate, °

- - _— ———— - B - - j’
. . - PR - —— f
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or whether change simply cannot be brought,gbout by communication. But it

suggests that while people may not be able to act withoutA;nformation, more

than information may be necessary to bring about change. T -

The Decision-Making Stage

The general acceptance of a solution does not mean that action will be ‘
taﬁen. Action only follows some sort of decision-making, that is, a decisioA
to carry out a particular solutione.

Degisions‘may be ﬁgde by organizafionslother than those who carry out

ﬁhe impleméntation, or they may be made by the same organizations which will -

carry out the implementatioh.A In the first category are Congress, the courts
(by legal decisions), a foundation which provides funds for a program, etc.

e :
In the second category are scientific groups, citizens groups, industrial
4
" corporations, Federal agencies, etc.

The decision-making may be on an open basis, with discussions in the

media, meetings, etc., or it may be done on a closed basis, with the decisions

~ made intergg;lyﬁénd only the results being communicated. In this latter case,

%

the dgciqion is usuali& made and then presented to the public in an aftemptr
to sell it as in the case of the Department of Agriculture fire ant program

or in the case of éiting of some nu~"ear plants.

—

Again, the public at large does nof—participate in decision-making.
;If.th; decision is an open one, there will be involvement with some part of

the leadership, Eommunications, and interested public. In the case of a -
- ' T

closedzdecision, ‘only a portion of the leadership,phb}is~w§11 be involved

- i . B
until the decision is announced. At this time, there méy be negative feed-
I Pt
back on the part of the fgffynioations and interested public, depending upon

-

_ the decision and the manner in which it'is presenteds But at no time does
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the public at large participate.

Implementation B} .. i
- . ‘ T - A .

Implementation involves the carrying out éf the action described in

the solution, and decided upon in the deciéion-making. This stage is by :ar -

the most varied and complicated of -.all stages.

- .- 7 Implementation'requires a plan, an organization to carry out the plan,
y . i
- and funds. The purpose of implementation is to bring about some desired action

on the part cf some portion of the public. This action may be voluntary or

-

- . ]
involuntary, and may involve individuals or organizations.

-

Voluntary action takes piabé‘Bg;ause of some sort of incentive that is

strong enough_to bring about the required action. SuchqincéntiveS'include

satisfaction, recognition, imitation, self-protection, safety, tax incentives,

duty and ethical values. As previously indicated, these actione may be-based.

on factuél infcrmation or on some form of persuasive communication.
Involuntary action tﬁ%;%'placé when there is no other éhoice, because v : o

of the threat of a mild annoyance, or because of the tﬁreaf of a majsr

sanct;on or punishment. The causes éf iﬁ&oluntary’action include modifyiﬁg

the environment zfiasfidate& water), mild annbyénces such as seat belt buzzers

7

and possible punishments such as fines or jail sentences.

- - e

In the cases of both voluntary and involuntary actions, there may be -

-

resistance caused by "disincentives" such as apathy, loss of self-esteem,

B T

cost, dislike,of social change, habit, etc. B

- - - | It can thus be seen that in solutioﬂ formulation and in imﬁlementaiion,
we must focﬁs not only on the scientific irformation that is;essential to
the solugion; but on the social; gsychological and econ&m;c elements - 7 A

that act to”facilitéte or prévent change. Most of the thinking about public

understanding of science has assumed that facts dictate action, and that
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£ B - - -

people will react logically to facté; In ﬁany actuaidcases, the situation
is just the opposite, as with smok;ng. - -

There-are other ég;ential blocks to implementatibh. There mayuhavewtg: -
be a new organizatidnxtﬁ“éarry out the program‘(§uch asrfhérEnvironmenféi
Protectibn Agenc&). Tﬁére may be researchAngeded in 6rgg£:for‘the pfogram
to'operate effectively (just what level of radiation is safe?). There may

have to be equipment or chemicals or some other materials for the program

(X-ray machines, pollution monitoring equipment). And people may have to

be trained to carry out the program. ' o P
- I-rv——— e _- -
- Evaluation— .. +%=~" -7 =

In any sort of program, evaluation iS importantrtbrdgterminé the degree
to which the pfoblem has been solved.” One of the mosf important aspects of
Evaluatién is- the persqg!or orggnization‘deciding on what success implies
and whether éﬁcéess haélbeen achiefzg; A‘, o :7- ) . 7

One of the most iﬁportég&)points,of view is that ofithe'pengéns Qho

defined the problem. However, there mayfbe other groups whose definitions

were not accepfed, and so tkey may not wish to accept success as éééébted}by

the original éroblém definers. -A second important group is that formulating

fne solution, and again, if there were competing solutions, there may be -

- Cv—

LI - .
difficulties in accepting an evaluation. The group implementing the solution-- --

of course has a §ery'great concern about evaluation,Aand\depending on how

B / i ! N ’ ) i ) R

successful the program was, may or may not accept the evaluation. And of
course, there is the target group, and all or part of thervarious phblics. .

The point here is that evaluation .f the solution of a spciai problem

is not a straightforward scientific process, but rather some may involve

a considerable amount of'disagreement and argument.

*
-

e
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»Aﬁaiﬁgr important aspect of evaluation is the criteria of success that.

aye used. The total estimate~of success comes from ‘an evaluation of both

t

e n ™
the benefits and the costs of the program. T

- Benefits can be definedAin‘arnumbér of different ways. The first major
category is where an actual‘changé takes placé in terms of behavior, envi-

777ronment, quality of life, 'etc. Here we could measure such things as number
'ofrdeafhs, nﬁmber ofvinjuriéé, illness of various sorts,,déys lost at-work,
7s§§gﬁieYei, types*ana’aﬁaﬁﬁfé éf contaminants ;n tﬁe water, noise level, fodd

ecaten, cigarette sales, birth rate, birth defects, etc. A

-A second categor& of benefits are not-realiy éirect, but imply that
something beneficialrwill héppén.r These include knbwledgé of facts, at-

- titudes toward-science or technology, amount of science-in-newspapers,

content of science coverage in magazines, tone of .science coverage in ncws-

-papers, minuges of ébiencé on TV, type and number of books published, etc.

-~

Costs can be put ihtdrfwordifferéht categories. The first involves

anticipated costs, those taﬁén into consideration in the solution }brmulation

- stage. These might include dollars spent, radiation, increased .ossibility

of accidents, reduced agricultural production, increased population, longer
. » . -

" travel time, illness, etc. . el o : )

- -

- ~ The other category of costs are unanticipated costs or "side effects". -

.

These can include'poi:oningraf birds, pofsoningjof human beings, birth
- Y

defects, lingering death, having to decide whether to have a baby or npt,

blogcking of communications; food chortage, etc. ) -
e - -~
tiith the large number of possible benefits and costs in any particular )

problem, it is often.-the case that only one aspect of the problem is evaluated

.

at any time. Thus, evaluation is not scmething that is a single discrete

event, but rather something that takes place over a pefiod of tir~ which for
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~ -publics. The description given suggests a number of conclusions.-

Frederick A. Praeber. New York, 1460, agd The Press and Forelgn Policy by

- 20 - ’ _
some problems can be considerable. -

- Some Conclusions

N 1
-

J— R — e
A description (rather than a definition) of public understanding of
science has been presented, suggesting that the key element in public under-

standing of science is the proble@, and that this problem is dealt with in

a series of stages by individuals and groups from a number of different

¢
.-

1. Public nnderstanding of science is far more complex than is

generally assumed, 7 i \

- 2. The chief participation in public understanding of science

comes from the Leadership, Communications, and Interested @ublics. The

General Publlc or the public at 2 large nart1c1pate very 11tt1e. (Forea»more

“ detailed analysis of this and a number of other relevant points in the field

of forelgn pollcy, see The Press and Foreign Pollev by Gabriel A. Almond,

Bernard A. Cohen, Pr1nceton,Un1vers1ty Press, Prlnceton, 1963) - E -

3. There is not an equal need "to understand on the part of all {

s

people. Different persons need dlfferent.lnformatlon at different times for

————

different reasons.’ - v

-

- - -

k. Some stages of the public understanding of science process
- ‘v - B ) —
1nVo1ve very few people. H - -

5. Different portiins of different publics are involved in different

problems. The problem-to a substantial extent selects the publics. ' PR
6+ . Some 1mportant stages of publlc understandlng of science take

place between tne Preparatory Stage and the Implementation Stage. Prev1ous1y,

the--focus has been on Preparation and Implementation'%cémmunicatink"science

information) and the other stages have been taken for granted or ignored.
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—p—: w-— f+ There is an increasing interest today on the Problem Definition

Stage, particularly on defining problems ahead of their actual occurrence.
8. Solutions to science-related prqbiems‘involve a lot more than |

the communication of science information.
’ 9;“ There is not a limitless need for all information, but rather

a need for a general base level for a wide range of information plus sel-

) ective need for limited specific information.

* & % - -
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Some Problems Ihvolving Science and Technologi

Appendix 4

&

Energy supply
Raw materials subply -
Food supply
Hunger
. . Nutrition , ..~
. Environment
Conservatic;n~
Air pollution.
Qéter pollution< 7 i
. - Noise péllution
Cverpopulétion
) - Birth control
Unemployment
iﬂ”"AWOrking conditioﬁs

Technological obsolescénce
in job

.~ Atomic and nuclear weapons

Chemical weapons

hié‘ . Yeather control

—~ OV A
/ :

Radiation and fallout

Smoking J

— = B _—

Fluoridation

- Y

“

)

P ]

-Aicohoi -

0ld age
Death and prolongation of life
Health;

Race‘prejddice _

Mental‘heaith ' 7 LT
Genetic control
Genetic counselipg'

-

Control of the mind

- Educational technology

-

_Testing and surveys

New consumer products

Image of science and technology
T ’

Lack of basic research funds

——— v o n

“Impact of science on‘religion

»

Transportation .
Biological weapons

Yiretapping and privgcy

. Siting of nuclear-reactors

Drugs

|
&
]
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PUBLIC UNDERSTANDING OF SCIENCE:

THE PROBLEM AND THE PLAYERS

-

Science today seems to be under increasing challenge from within and'without,
Recent years have scen mounting criticism from within the scientific

community, primarily by young scientists, of the whole course and direction
i . - . — L
- of’gS;ence'and scientific rescarch in this country. The attitudes of the

general publié towards science, on the other hand, range from outright 7
indifference to aggressive criticism of pri7rities:"funding levels, and
even specifié arcas of research, A recent Harris survey, although sutfering

from the same problem as other general surveys ‘of its type, indicated that

.

two-thirds of those surveyed had little or, at the most, oniy moderate

H .
"faith" in the scientific leadership of the country.

Oﬁé of the interesting studies which should. be hndertékep, probably either

by an anthropologist or a social psychologist; is why sciobntists, as

/

individuals and as a commanity, are so notoriously "thin-skinned" and tend

i P—— Y
-to over react when it .omes to both criticism and what is perceived as a

lack of understanding (appréciation?)on the part of the lay public. Sciénce,
f’—i’liﬁeAﬁédicfﬁé‘dﬁa Qéf; is believed to bértoo'"complicated" to allow the

—

. ' hon-p;ofessionél laity to rule upon it, On the other hand, the increasing

¥

probléms into which scien;e,(and its step-child, technology) have led us
- -/

have caused many thoughtful -pecople to believe that science, again like war,

is too imnortant to be left to the scicntists. One indication of>Eﬂis is




r T "

| the increasing control being exerted by non-scientist policy makers in
Washington not only over the funds made available to science but the

actual rescarch which will or will rot be supported and the dircctions that

T e - I

research shall or shall “waﬁﬂke'

- . .
=

o An encouraging trend in recent years, howevcr, has been the growing numbers

of scientists and scientific organz&atxouq who, sctcxng asxde sclf-xntorcst

o

are bccomlng involved in communicating to the general public the problens,

—p " 0

potential, tbrusts, and accomplishmcnts of science and technology. These
activities range from formal classroom programs in "scicnce for non-scicntists"

and workshops on science for the general public. The feeling on the part
’ IS

of many scientists is that science and technology have become so inferwoven -
) with the fabric of our socxcLy that to be an eff>ctive cxtxzen one wust
o .
increasingly know more about the scientific and tcchnological components

which are part of many of thé major social and economic issues facing the

-
country today. A major barrier in thxs, of-course, is the fact that many

7 N -
) " people are not only "turned off" by sclence but that _they feel science is
Jjust irrelevant to their own lives, If you are ¢n inner city black or a
| poor farmer in Appalachia, the wcrld of‘basic science is as remote (and with ’
. _ .. about as much influcnce on you) as the plancis. -- - T
,,___.._,__/’ ) - 7 . " .

There are a relatively large”number of form:l and informil “public under-
standing of science programs” in this country--some are broadly conceived

¥
.and operated; others have specific interests {n"mind; still others are self-

: : |
serving to a large extent. The remainder of this paper will briefly describe

[SRJ!:‘ S ) . .- . 7 - . f

Aruitoxt provided by Eic: ——— -

to muscum exhibits, television and fili programs, and inforral discussions — - - s

e e . e
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the various "players," in this arcna beginning with the National Science

Foundation and then moving to other government agencié;, private fouﬁaafions, .

professional societies, and industry.

The National Scicnce Foundation

The National Science Foundation has had a formal program in public understanding

. of sciénce since 1958. This program was initiated following the Sputnik

" crisis as a response to the increasing need for better scicace education

both in the formal classroom sense and. for the general populace. The
funding history of the prograﬁ is shown in Figure I. The program supported
a small number of projects.during,ig§'first ten years which iﬁéluded such
things as seminars for science writers, conferences where scientists talked
among theﬁselvcs:on éhe problem ﬁf public understénding; and special 1§!i,

oriented publications and exhibits. The largest award during this pefiod-

was to the Seattle World's Fair in 1962 which supported the scientific

”ﬁlﬁnning and exhibit design for what has become the Pacific Science Center.

-~

In 1971 the program was transferred from its previous home in the Graduate
Education. Division to its present location in the Office of Government and
Public Programs. Additional funds were made available and a new -approach

was begun. -

The rationale behind this program at NSF is the strong belief that the

scientific enterprise in this country ultimately depends on an infqrmed

and aware citizenry. Science itself will therefore be strengthened if the
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puBlic is able to make more informnd'judghents on the course and conduét of
science. Our conceptual approach to the program is shown in Figure . The

pyramid shous the various levels of public response to science and _the

various approaches that can be made to reach those members of the public

——

et

at any given level. As can be seen, the specific arcas of NSF concern are

. for that audience at- the levels ranging from "general interest" to "awareness"

' These are the levels which demand serious attention

-

and have commanded all of our resources up until this time. -

and "understanding.'

x

The program as presently structured is broken down into four main categories

of support:

I. Research and Methodological Studies--Special studies of methodologies

- - L - -
for public undersganding of science, program and media effectiveness,

the communications process, and public attitudes toward and knouiedge

-

about science.
Ed - N

II. Communications Projects én Science and Technology--Single-focus projects

in public understanding of science and technology including special

*

-lay-oriented publications, museum exhibits, television and film programs
— :
on science, lectures, conferences, etc. g ' ~

III. National, Regional, and Community Programs--Includes support for multi-

PAFullToxt Provided by ERIC

faceted programs encompassing several specific public understanding

activitics designed to rcach audiences at the national, regional, or

community level, ' - e

IV. Special Programs--Includes support for cross-national programs, public

awarcness of moral, ethical, and policy issues in science, special adult -
education programs, student-conducted prdgrams, and other'unique or

inpovative approaches to public understanding of science.
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frojgctsvwhich Hdve received support in tpe past two yéa;§,have rangggw‘-
ffomiindividual film;, publications, and conferences for léymen to broadly-
baéed national;.?egional, and community programs where the intent is to
reach specified publies through g variet§ of media. Appendixe§ I and II

include summaries -of all the prcjects receiving support in FY 1972 and

FY 1973 to date.

In the future thé brogram‘will,tend to emphasize more locally originated and

regional programs where it is hoped that scientists and non-scientists can

work together in their own communities on problems of mutual interest and

concern. -Increased emphasis will also be given to differentiating between

science and technology, a misconception which has led to much of the current

[

popular mistrust of science. Looking aheadrtq the 1976 Bicentennial, efforts

>

will also be made to support local projects which emphasize the contributions

of science and technology to the development of this coﬁntry--past, present,

and future. -

— i,

e

Other Federal Pﬁblic~Understanding of Science Prosrams

While NSF has the only specific program in public understanding, there are

a number of other activities and projects scattéred around the federal

government which are worthy of some attention,

Perhaps the most successful example of a "public understanding" project has

been the Department of Agriculturc's Extension Agent, oﬁe of whose functions .

~r

is to keep the people he serves abreast of new developments in agricultural

science’and technology. As a point of interest, this concept is now being




0

ke peinsas

t stucled for p0551b1e application in technology transfer whereby a knowledgeable

N i

scientist or engineer might cover a specific region to aid small businesses

s

in benefitting from developvents in science and technology nationally.

[ A

The largest public understanding. programs, in terms of dollars, in the

1\
)

government are at NASA and AEC. NASA for years has made available to local

»

‘ 7 groups exhlblts and other” information packages on tne space- sc1ences. This

|
1nc1udcs the c1rcu1atlon of space artlfacts 1nc1ud1ng spacecraft and astronaut-
"This Atomic World" which is conducted by the Oak Ridge Associated UnlvchLtces.

In this program speclally outfitted vans travel to community centers, high

I related material. AEC has Sponsored a highly successful program entitled

schools, and- other'locatlons where a trained lecturer performs experiments
and demonstrations designed to inform the audlenCe on atomic energy. This

program has now suffered a sad fate at the hands of the budgeters, however.

Other federal agencies which have some interest in what we might call "public

understanding" are tﬂe Environmental Protection Agency, the National Endowment

for the Arts, and the Smithsonian Instltutlon. EPA has begun to sponsor a

small number of seminars- and conferences for the media on env1ronmental

'

science and env1ronmental‘prqb1ems aqﬁ has also developed a small number of

—_— - —

circulating exhibits illustrating various aspects of the environmental

c;iids. The Endowment has increasingly.Supported museum programs,‘primarily
exhibits which illustrate the rclacionships between science and culture,

" . The Smithsonian has also incfeaeed_fté attention to science and is now
developing a series of traveling exhibits on science which w0u1d be used

~ - -
for small and medium sized museums. A series of special films on science

-

“are also begin developed,

Q - f—

ERIC

PAFullToxt Provided by ERIC




Private Foundations

—
P

Most of the major private foundations have at one time or another supported
e B}

public understanding-related projects. The Ford Foundation has had a major
interest in enviroumental education over the past several years and has supporﬁed

a number of small local programs wherein scientists and local citizens meet .

- * *
[l

and work togethex. Ford has also supported several academic-based studies -,

von thg relationships between science and technology. Smaller projects at
Ford Eave included‘support to the AAAS for their annual television'piggrams

and support to several other groups for films on science including a project
at Harvard for the production of éwo‘film&~on the life of Enrico Fermi. The

major interest currently at Foxd is in public broadcasting,and some further

+ _ '7 . R oy
support for science on public television may be forthcoming,

‘The Rockefeller Foundation and the Carnegie Corporation have also supported v -
- e

a few projects in this area including support for the AKAS television programs.,

Carnegie is also planning to significantly support the creation of a science

programming group in public television.

. o'

Two smaller foundations have also had interests in this field. The Markle

Foundation has major interests in the field of journalism education and in
caBle‘Qelevision,‘both of which are related to communications.about science.
The Russeli Sage Foundation, despite its small size, has perhaps supported the

largest number of projecés in public understanding although in this case the

focus is entirely on the social sciences. A number of press briefings on the




-8 -

% - - -

social and behavioral sciences have been sponsored by Sage. 1In addition,

several one-dey briefings for editorial writers have also been conducted,

Other Sage supported projects have included the training and research programs

in the social sciences and the mass media at the Graduate School of Journalism
at Columbia University, a planning study on the development of multi-media
agd interactive exhibits, and the subsidization of a number of articles based

on social science research for publication in national magazines. The Sage - \

Foundatic~a has also given serious thought to the establishment of a "social

. EN

science information clearinghouse which would serve the purpose of regularly

informing the media on developments in the social sciences.

‘Professional Scientific and Technical Societies - .

Most of the major scientific and technical societies have organized programs
.- . R R !

in public understanding as related to and on displinary interests, The

largest of the scientific societies, the AAAS, has organized the most compre-

]

hensive public understanding of science ﬁ:ggram, including such projects as
special publications on the media an¢ science, science programming on television,

pruvn——

and seminars on and about science for local and state officials.

Other societies which have conducted programs in this area include the American

[P

+  Institute of Physics and its affiliate socicties and the American Chemical

“Society. AIP has developed, with NSF support, two films for public television

distribution; onc film on stellar cvolution, the other on résearch in the

biosciefices. AIP has also taken the lead in encouraging the other professional
‘societies to work together on problems of mutual concern and inferest. The
main interests of the American Chemical Society have so far been in chemical —

education for non-science students, Several individual chemists have conducted

Q ) .

ERIC
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a numberqof projects on their own including one at Indiana University whorc
a travellng lecture-demonstratlon program on science has been developcd for

e

use in the state parks of Indiana during the summer.

fhe twoilargest technical societies, the Institute of Electrical and Electroniés
E;gineers (IEEE) and the American Institute of Aeronautics and Astronautics
(AIAA),'héve also begun to sponsor a number of public educétiop programs. Both
societies have local chapters and much of their work in this field is based on
the‘intere§ts and talents of local chapter m;mbers. The AIAA, for example,

sponsors a speakers bureau through each of its local chapters.

- One cannotrlea;e the subject of professional societies without mentioning the
pioneering work of the Scientists Institute fof Public Information (S1PI).
fhis group, of perhaps all thé scientific groﬁps, h;s geen at tﬂ;mforefrOnt
in relating science to societal needs. SIPI regional commi s have worked
in generally close cooperation (although there have been some notable exceptxons)
with state and local ag;ncies and groups, partlculatly on envxronmental matters.
Unlike most other professional scxentific groups, SIPI does take policy

positions on critical issues confronting the country-

In conclusion, while the number..of people and organizations interested in

funding. public understanding of science have certainly increased over the past

scveral years, still far too many tend to communicate to the public what they,

the scientists, want to communicate which is not ncccssaril& what the public
waats or needs fo know. The future secems bright, however, for an increasing
"public consciouSnes;" on the part of many scientistsyand the poteﬁtial'for
a tfuiy effective relationship bctﬁeen sciente, scientists, and the sbciety

in which both reside is very high indeed.
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NATIONAL SCIENCE FOUNDATION

7 PROJECT AWARD SUMMARY ' .
= NAME OF INSTITUTION ° NSF FUNDING ORGANIZATION
Rockefeller University Government and Public Programs
New York, New York Public Understanding of Science Office

PRINCIPAL INVESTIGATOR
Mr. Eugene H. Kone

—. o

TITLY. OF PROJECT . -
Basic Rescarch and Human Welfare

An article of faith among scientists and people interested in science is .

that scientific research has 1ed to consideravle benefits to men-and socicty.
The cataloging and description of such benefits has, however, not as yet been
done on .. systematic and comprehensive basis. The purpose of this project is

to begin such a cataloging 2nd to provide documentation to help support the
thesis that scicnce has materially contributed to many differcent areas of social

.progress.

Working with the results of a survey sent to lcaders of professional scientific
socictics, scicntist-authors at Rockefeller University will prepare a book
illustrating cxamples of how basic rescarch has contributed to the solution

of problems facing society. 7This book will not be an ercyclopedia but rather
will be selective and attempt to cover the broad reaim of science, stressing
examples which can be documented accurately and completely from basic rescarch,
Those examples sclected by scientist advVisory groups will bhe rcpresentative,
understandable, and translatable into lay language...Material in the book will
be presented clearly but at no time will scientific accuracy be sacrificed -to
readability. - - ~

»

Duration: 9 months .;”'* -
Amount: $99,820 )
Date of Award: 10/1/71 -

-
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NATLONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

- -

NAME OF INSTITUTION NSF FUNDING ORGANIZATION .

American Institute of Physics Office of Government and Public Programs
New York, New York Public Understanding of Scicnce Prograwm -

PRINCIPAL INVESTIGATOR
hr. Lcwi; Slack

TITLE OF PROJECT
Film Production in -Physics and Astronomy

The American Institute of Physics, in cooperarion with the Public Broaccasting

System, will undertake the development of two films oa science designed

for gencral audiences, The new attitudes of contemporary scientists, as

contrasted with their predecessors, will be reflected in the Films, their -
new approaches ‘to problems, new areas of research and new resuiys. Member
socicties of the American Institute of Physics will be involved in the
design and development of the films with leading scientists in varjous
disciplines participating as advisors. .

The first film will show the relationships between rescarch in two widely

separated areas of the Universe: the sun and the distant stars. Further

relationships between the stars, the sun, and conditions for lifc on .
earth will also be illustrated. The.sccond film will show the strong :
relationships between physics and other natural and social scicnces, ’
Facilities of the Public Broadcasting System will be used in the production

and distribution phasc. :

Duration: 12 months - -
Amount:. -$94,800 . i
bate of Award: 10/15/71
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NATIONAL SCIENCE FOUNDATION 1
PRCJECT AWARD SUMMARY : : |

. NAME OF INSTITUTION ¥ NSF FUNDING ORGANIZATION 4
American Association for the Office of Government and - |
Advancement of Science Public Programs, Public ~ -

) . Understanding of Science
PRINCIPAL INVESTICATOR ’

o : James C. Butler !

ITILE OF PROJECT -
“Science '71: A Report to the Nation" -

1

—

1 Thi's award provides partial support to the Awerican Association for the

! ’ Advancement of Science for five one-hour, full-color, [iyc television proprius
- to be broadcast mationwide over the Public Broadcasting Service in conjunctiom

with the Association's Annual Meeting in Philadelphia on December 26-31, i971.

Increasingly in recent years, the Annual Meeting of the Association has
become a forum for debate about some of the most difficult areas in the
relationship between science and technology, on the one hand, and society
on the other. The meeting is a major source of scientific and science-

. related information. This is the fifth year in a row in which the proceedings - |
of the meeting are covered on public television. Interviews with leading |
‘scientists, panel discussions between scientists, students, journalists,
and lay citizens, and live coverage of particular sessions of the conference
are among the activities included in this year's programming.

The proposed five subject areas to be covered by this year's programs arc: .
1. Can Science Solve Problems of the City?
2. Quality of Life - o .
3. Power
4. Science and Morality
5. Several options -
: a. Health care
b. Cancer -
c. Space exploration

In additién, funds are provide& for an audience impact survey to be
conducted simultaneously with the broadcast of the program.

Duration: 3 months
Amount: ‘SQS,OOO -
Date of Award: - November 5, 197

-




NATIONAL SCIENCE FOUNDATION
PROJECT AWARD mmw

NAME OF INSTITUTION . - NSF FUNDING ORGANIZATION
Greater Washington Educational - Government and Public Programs
- Television Association Public Understanding of Science
2600 Fourth Strcet, N.W, : .
Washington, D,C..

PRINCIPAL INVESTIGATOR
Mrs, Chgrrill Anson

TITLE OF PROJECT .
Documentary Profiles of Contemporary American Scientists

The Greater Washington Educational Television Association, owners of the
Washington arca Public Broadcasting station Channel 26, proposes to develop
a-scries of thirty minute doc:mentary films on contemporary American

~ '~ scientists, &Tach profile will allow for candid revelations of personal
attitudes as well as for expalnations of the potential effect of scientific
research on the quality of human life and on the solution of major problems
confronting mankind. The scientists chosen as subjects will demonstrate
the variety of settings and circumstances in which contributions may be.
made to the pursuit of science through work in universities, government and
industrial laboratories, and other research facilities. Scientists at the
peak of their profcssions will be included as well as a select number of
younger scientists.

This scrics when complete will initially be shown over the facilities of
the Public Broadcasting System and then made available for further
distribution to schools, other cducational groups, and the civic
associations.

This award supports initial script development for a pilot show.

buration: 6 months
Amount: $4,800
Date of Award: 12/30/71
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NATIONAL 'SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

NSF FUNDING ORGANIZATION
Government and Public Programs
Public Understanding of Science

NAM: OF TNSTITUTION
Battelle Memorial Institute
Columbus Laboratories
Columbus, Ohio 43201 X
PRINCIPAL INVESTICATOR
Cearge W. Tressel

TITLE OF PROJECT
Filmed Report on the "State of Science"

-

The Battelle Memorial Institute will develop, produce, and distribute a

“onc-hour tclevision report on the state of science in the seventies. This

filn will be suitable for presentation to a gcneral lay audience and will

esphasize the interrelationships between science; techrology, and society, -

The viewer will be made aware of the current status of scicnce in this
country, the variety of organizations and forces that control the thrust
of scicnce, and progress beings made in the innovative application of
scientific knowledge to soc1ety s needs.

T A dxst1ngu1shed advisory comm1ttee comp030d of scientists, media

representatives, and lay leaders will work closely with the pro;cct.
director. The scientific accuracy of material presented in the film
will be of paramount consideration.-

- Duration: 12 months

Amount: $53,210 (FY 1972); $36,530 (FY 1973); $89,740 (Total)
Date of Award: February 18, 1972

e T
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NATIONAL SCIENCE FOUNDATION 1
PROJECT AWARD SUMMARY

" FAME OF INSTITUTION NSF FUNDING ORGANIZATION -

D.C, «Council of Engineering and Government and Public Programs
Architectural Societies Public Understanding of Science Office

Washington, ».C, . - . .

PRINCIPAL INVESTIGATOR-
David 1i. Moran

TITLE OF PROJECT
~ Televised Forums on the Role of Enginecers in Modern Society

The District of Columbia Council of Engineering and Architectural Societies
will produce two televised forums on the role of the engineer and of the
engineering sciences in modern society. The original shows will be
broadcast through the facilities of-WETA-TV, the Public Broadcasting Station
in Washington, D.C., and then distributed nationwide to educational TV
stations.

-

The format for the broadcasts are planned around a nationally known

critic of technology and its application debating several of the most

sble spokesmen from the professional engineering societies. Partici-

pation from an audience consisting of representatives from labor, business,

government;——civic groups, and legislators will also be included. Following

the broadcasts; a summary of the discussion will be prepared and distributed
nationally through approprlate technical and polxcy-orlented Journals. -

The first £orum is scheduled for the week of Fa2bruary 21, 1972, w1th
Mr. Ralph Nader as the critic. The second forum will be held in June, 1972
with en as yet unnsmed but ‘also nationally. known critic.

Duration: 7 months 7 e
Amount: $§12,500
Date of Award: February 18, 1972




NATIONAL SCIENGCE FOUNDATION
PROJECT AWARD SUMMARY

NAME OF INSTITUTION - NSF FUNDING ORGANIZATION
University of Hawaii Government and Public Programs
‘Public Understanding of Science Office

PRINCIPAL INVESTIGATOR
Howgrd P. Harrenstien

'TITLE OF PROJECT o ‘

Environmental Conferences on the Public Understanding of Science
for Hawaii

The Center for Engineering Research of the University of Hawaii will
undertake a two-year conference series designed a8 a medium through which
citizens in Hawaii may gein an understanding of science and the way in
which it can assist in the solution of problems facing the state. The
perticular. focus of the series will be on various environmental problems
now facing Hawaii and potentisl solutions which might be providcd by
science and technologyi

Twelve conferences are planned in all, based on the general underlying
theme of the application of science-and technology to-solutions of a
perticular current or future problem of environmeént or ecology facing
the state. Topics for the first six conferences are solid waste
mgnagement, aquaculture energy conversion, off-shore technology, coastal
ecology, and pollution control, Participants in the conferences will
be broadly representative of Haweiien society including government,.
industry, universities, public schools, and citizen groups. Workshops
end task force formats will be used where. possible to help facilitate’
“continuing working relationships between participents after the close
of & particular conference. The conference series i8 designed to be an
integrel part of a broader state-wide environmental education program
supported by other sources and 1nvolv1ng the community colleges of .the
state.

Amount: $43,100
Duration: 12 months
Date of Award: May &4, 1972




" NATIONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

-

NAME OF INSTITUTION NSF FUNDING ORGANIZATION
Thorne Ecological Institute Government and Public Programs
Boulder, Colorado 80302 - Public Understanding of Science Office

PRINCIPAL INVESTIGATOR
Beatrice E. Willard

TITLE OF PROJECT ..
Partial Support for Seminar on Environmental Arts’and Sciences

.

This award provides partial support to the Thorne Lcological Institute

for their sixth Seminar on Environmental Arts and Sciences to be held
at Aspen, Colorado, June 30-July 5, 1972. The basic purpose of the
‘'seminar is to help national, state, and local decision-makéts acquire

a deeper, more extensive up-to-date understanding of ecological principles
and to equip them to be able to apply these principles in their work. The
-Seminar annually brings together civic leaders, busiﬁessmen, labor
representatives, students, journalists, government officials, environ-
mentalists, and community activists in working sessions with professional
ecologists. Participants fully contribute to and participate in the
seminar which progresses from broad ecological principles to specific
applicul ions of these principles to human problems.

.
-

The purposes of the scminar are accomplished thrcugh field trips, formal
presentations by ecologists, think sessions, and informal communication .
and interaction periods. Case studies of local environmental problems

<are also used to focus theory with practical application. Approximately
100 people plus staff will attend the 1972 seminar. -

Amount ; $15,000 i
buration: 6 months -
Date of Award: 'May 10, 1972
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NATIONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

v

NAME OF INSTITUTION » NSF FUNDING ORGAN¥ZATION
_AmgricanAAssocgation for the Government and Public Programs
Advancement of Science Public Unders;anding of Sciencg Offic:

‘Washington, D.C. 20005
PRINCIPAL INVESTIGATOR
James C. Butler
TITLE OF PROJECT .
Communications Program in the Public Understanding of Science and
Technology - )

S

The American Association for the Advancement of Science (AAAS), the world's
largest federation of scientific societies with a total membership of more

.than 135,000 individual scientists and non-scientists, will undertake a

major program in the public understanding of science and technology over
a8 thirty-month period. This program will be supported by funds from the
Association itself, the National Scicnce Foundation, eand private founda-
tions and industry. -This award represents support for the planring and
development phase of the program in addition to certain selected projects
which will be initiated during the first six months of the program, NSF
will support approximately one-third of the total costs of the program
over the next thirty months, : s

The AAAS has selected five major target audiences in the development of -
its program, These are: communicators, the scientific community, ’
decision-makers, young people, and the general public, Activities-will
be selected which are broadly conceived, national in scope, long term,

- end integrated. These will include science information services for the

media; seminars and conferences for editors and broadcasters; special
seminars on scientific issues for national and state legislaters, other
elected officials, business, and civic leaders. Special studies will

also be initiated on the feasibility of new kinda of science programs on
television and on the opportunities for international cooperative programs
in public understamding of science. K catalogue of current films on
science suitable for non-scientific audiences will also be provided,

Duration: 6 months

- Amount: $150,000

Date of Award: May 19, 1972




NATIONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

NAME OF INSTITUTION ) NSF FUNDING ORGANIZAUION o
-St. Louis Aquacenter, Inc. : Office of Government and Public Prograwms
St. Louis, Missouri 63101 Public Understanding of Science Progrem

PRINCIPAL 1NVESTIGATOR
Henry C. Kendall

TITLE OF PROJECT -
Feasibility Study on Conversion of Spanish Pavilion to an Aquarium/
Ecology Complex

A group of interested citizens in the St. Louis area plan to establish

an aquarium/ecology complex which will be financially self-supporting and
owned and operated by & not-for-profit corporation. The Spanish Inter-
national Pavilion is propose# as the site for this complex. The Pavilion
was first constructed at the New York World's Fair and was given to the
“people of St. Louis following the Fair by the Spanish-Government., The
Pavilion is now located in the heart of the St, Louis waterfront area.

Before procecding with the conversion of the Pavilion, a detailed
engineering, architectural, and eccnemic feasibility study is nceded to
estimate the total costs of the conversion and to develop and prepare

date necessary to determine the appropriate exhibits and other educational
facilities. This award represents one-half the costs of this feasibility
study. The remaining funds have already been raised through local sources.
1f the decision is made to proceed with the conversion of the Pavilion,
baged on the results of the feasibility study, the necessary funds will

be raised through local public and business subscription.

Amount: $15,500
Duration: 12 months
Date of Award: May 30, 1972




NATIONAL SCIENCE FOUNDATION.
PROJECT AWARD SUMMARY

NAMI. OF INSTITUTION ) NSF FUNDING ORGANIZATION
University of M{ - .uri, Columbia Office of Government and Public Prograus
Office of Public Understanding of Scicnce

PRINCIPAL INVESTIGATOR
William Stephenson
Roy Fisher

TITLE OF PROJECT ' -
"Seminar Series on Science for News Editors"

-

The School of Journalism at the University of Missouri has a long~-stending
commitment to science communication in both research and practicaleapplication.
Fuilding on this experience, and in consort with scientists at the university,
the School proposes to conduct a series of symposis on science and technology
for key ncwspaper cditors on television broadcast executives from the six-
state Midwest region. The programs will be designed as a2 two-directional
learning process--the editors will be as much learners as teachers, gaining

a more realistic understanding about current developments in science; the
scientists, while explaining new developments in their respective fields, -
will be exposed to the questioning of cditors who daily serve es "gatekeepers'
in deciding what information ahout science will reach the. public and in what
form. Concurrent with the seminar series, a. planning study will be conducted
on the possible establishment of a "Regional Science Communication Center"

to more broedly serve the Midwest: B :

- e * Durationg 9:months
Amount: $50,000
Date of Award: 6/27/72
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NATIONAL SCIENCE FOUNDATION-
PROJECT AWARD SUMMARY

NAME OF iNSTITUTION NSF FUNDING ORGANIZATION )
Sonoma State College ' Office of Government and Public Programs -
Rohnert Park, California Public Understanding of Science Program

PRINCTPAL INVESTIGATOR

Paul V, Benko . N
TITLE OF PROJECT N ]

Promoting Public Understanding of Science Through Environmental Education —

2

The objective of this project is to experiment with methods to bring both
scientific expertise and environmental awareness into a discrete community
via the twin vehicles of television and citizen involvement in college
extension programs, The ultimate purpose is to bring to the community
(here defined as the Napa Valley region of Northern California) a new
awareness of what science is doing and what it can be encouraged to do

in the future in meeting environmental problems.

Specific activities will include interdisciplinary teams of scientists from
Sonoma State College and Santa Rosa Community College working with groups
of citizens in workshop format to explore the relationships’ between science
and current cnvironmental problems facing the region. Audiovisual programs
will be prepared and broadcast over local-cable television stations to
resch 2 broader audience, "Town hall" mectings will be held to further

- develop citizen understanding of environmental science. Emphasis will

be placed on involving school age children, as well as community residents
in the project. Extension credit will bé offered those citizens interested
in pursuing environmental science on a more formal basis.

-Duration: 15 months

Amount: $51,200
Date of Award: 6/28/72




NA'I IONAL SCIENCE FOUNDATION
e ’ PIDJFCP AWARD- SUMMARY

-

NAME OF INSTITUTION NSF FUNDING ORGANIZATLON

~ Pennsylvania State University Office of Governament and Publi. Prograns
- - - Public Understanding of Scicnce Progran

PRINCIPAL TNVESTICGATOR . : — -
G. Ray Fuakhouser : \
Rustum Ray

TI'!’I.E OF PROJF("I o : .
An Appratanl of the Nation'l Avarcness of, snd Attitudes towards, Scicnce

-

Many scicntists, policymakers and educatars agree thst the improvement of
publir knowledpe and understanding of modern science iz a desirable poal.
However, there is 8 derided lack of conscensus amonpg concerned partics as to
what,“exactly, this means, and how this goal ought to be pursued once it is

7:’d¢Iine3. Furthermore, it is ohvicus that if ve sre to expend substantial
© resources in spllempts to improve -the present state of the pubiTic undersianding
.. of scicnce, then it is imperative that we develop some quantitative measurc

of that state, and remeasure it periodically after various efforts,. ‘The
whole field of assessing the present state or sssessing the impact of ony
particular -effoct has received vcry little sttention, whether it be throunh

8 nationa) survey of the country s swarencss of science or & measure of the

readership of a single cover story on science in TIME megezine. What is
proposed here is ah intensive study session on the objectives, worth,
methodologies and limitations of surveys and other evalustionsl techniques
in the field o€ public understanding of science. This session will be

_held in Noverdber, 1972, ond invo;yerleuding scientists snd communication

resesrch specialists,

Durstion: 6 months
Amount: $17,500
Date of Award:’ 6/28/72



APPENDIX 2

NATIONAL SCIENCE POUNDATION
OFFICE OF PUBLIC  UNDERSTANDING OF SCIENCE

FY 1973 PROJECT AWARDS




NATIONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

NAME OF INSTITUTION NSF FUNDING ORGANIZATION
Harvard University Government and Publis Programs
* Public Understanding of Science

"PRINCIPAL INVESTIGATOR

Dr. Gerald iliolton

TITLE
A Research-and-Publication Proposal to Increase the Level of Public
Understanding of Scieunce

-

It is5 widely acknowledged that the state of public understanding of science

in the U.S. is in need of fundamental reexamination and repair. Pudlic .
confidence and interest in science and technology is felt by many thoughtful
people to be in marked decline., Some intellectual historians o as far as

to point to this current challenge to the role and place of science in

society as a significant turning point in Western thought.

In an attempt to study these problems in great depth and propose possible
approaches towards their solution, Dr. Gerald lHclton, Professor of Physics
at Jlarvard University, proposes to convene a number of distinguished
collsborstors ranging ranging across the sciences and humsnities to engage
in planning, discussion, research, and publication in the need for an
improved public understanding of science. Research will be undertaken on
changing values and beliefs in scicnce and technology among youth using

the extensive data base of the Harvard Project Physics Program. Conferences
and planning sessions will be held and individual commissioned research
pursued by the collaborators. This effort will culminate in the publication
of a special issue of Dacdalus, the highly regarded Journal of the American
Academy of Arts and Sciences. Publication costs for the issue will be

borne by the Academy. :

+

Amounts $49,400
Buration: 12 months
Date of Award: July 21, 1972
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NATIONAL SCIENCE TFOUNDATION
PROJECT AWARD SUMHARY

SAME OF INSTITUTION NSF FUNDING ORGANIZATION
St. Mary's Dominican College Government and Public Programs
Public Understanding of Science Program

PRINCIPAL TXNVESTIGATOR
Poul H. Chatelain

TITLE
Developing Creative Planctarium Programs

St. Mary's Dominican College, through its Frank J. Lewis Planetarium,
proposes to produce a set of six illustrated taped astronomical programs
for ultimate use by small planetariums in offering basic astronomical
cducation to school-age children and the generai public. The programs
vill be developed and zudicnce tested at the Lewis Planctarium.

The first three of these programs will provide direct instruction to the
young irom Lhe earliest grades through senior high school. The next two
programs will give instruction to elementary school teachers. The sixth
and final program, aimed at the general public, will demonstrate the
foundations of the modern science of astronomy in the ancient art of
astrology. R

1t is hoped thot these six programs as a package will constitute the
beginnings of a basic library for smoll planctaria which lack the resources
to develop their own programs.

Amount: £5,000
Duration: 6 months
Date of Award: July 28, 1972




NATIONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMNARY

NAME™ OF INSTITUTION NSF FUNDING ORGANIZATION
Maryland Academy of Sciences Government and Public Programs
.Public Understanding of Science Program

PRINCIPAL INVESTIGATOR
Edith B. Whiteford

TITLE
Public Lecture Series on Science and Its Contributions to the Quality
of Life . L - .

The Maryland Academy of Sciences plans to continue their highly successful
program of providing associations and groups in the State of Maryland with
knowledgeable and highly qualified scientists and engineers who will speak
about their own particular disciplines or the accomplishments of science
and technology in genegal and their effect on the daily lives of citizens
in the state. - e

Particular emphasis this year will be placed on special audiences includirg
minority groups, young people, senior citizens, and decision makers at all
levels of government. Specific subject areas will also be concentrated

on, including such topics of concern to Maryland as the energy crisis,
community health planning, and environmental quality, including particularly
the Chesapeake Bay. _

Amount: $24,900

Duration: 12 months

Date of Award: August 21, 1972




'NATIONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

NaME OF INSTITUTION NSF FUNDING ORGANIZATION
Battelle lemorial Institute Government and Public Programs .
Columbus, Ohio 43201 Public Understanding of Science Program

PRINCIPAL IXVESTIGATOR
George W. Tressel

TITLE OF PROJECT
Filmed Report on the "State of Scicnce"

The Battclle Memorial Institute will develop, produce, and distribute a
ore-hour televisioa report on the state of science in the seventies.. This
film will be suiteble for presentation to a general lay audience and will
erphasize the interrelationships between science, technolcgy, and society.-
Tie vierer will be made avare of the current status of science in this
ccuntry, the variety of organizations and forces that control the thrust
of science, and progress being made in the innovative application of
scientific knowledge to society's needs.

A distinguished advisory committee composed of scientists, media
representatives, and lay leaders will work closely with' the project
director. The scientific accuracy of material presented in the film
will be of paramount consideration,

Duration: 12 months
Arount: $53,210 (FY 1972); $36,530 (FY 1973); $89,740 (Total)
Date of Award: September 8, 1972




- NATIONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

NAXE OF INSTITUTION NSF FUNDING ORGANIZATION: T

Michigan Technological University Office of Government and Public Prograﬁs

Public Understanding of Science Program

PRINCIPAL INVESTIGATOR :
David D. Geddes

TITLE OF PROJECT
Planning Study on Public Understanding of Science Program for Northern
Michigan Region

Michigen Technological University propdéses to develop a program that would
foster public .understanding of the causes of social and environmental problems
and enhance knowledge ‘and understanding of the potential and limitations of
science in solving these problems in the economically disadvantaged rural
arcas of Michigan. The initial planninz period of one year will determine
which of several methods to reach this public would be most practicable for
implementation. One concept to be studied would focus on the use of a
portable planetarium and a series of instructional exhibits on the physical
and natural environments, energy, and pollution. This program would be
transported by truck and trailer, assembled in a few hours, and would

rem3in in each rural community for the duration of one week. The program
would leave the campus for the rural areas of Michigan's Lower Peninsula

and work northward through the Upper Peninsula. On a pre-arranged schedule
presentations would be made to secondary school students and adults in

the communities. Approximately 25,000 students and adults would participate
in the program annually.

Support for the planning study will enable the Michigan Technological University
group to determine the appropriate methodology to achieve the objectives of
the project and develop sources of funding for the operational phase of the
program.

Amount: $29,500
Duration: 12 months

Date of Award: October &, 1972
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NATIONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

NAME Of INSTITUTION NSF FUNDING ORGANIZATION
Rensselaer Polytechnic Institute, Office of Government and Public Programs
‘Troy ) Public Understanding of Science Program
PRINCIPAL INVESTIGATOR
Chandler H. Steyens

TITLE OF PROJECT
An Experiment in Science/Citizen Interaction through Participatory
Television

With so many critical issues facing the country today, the need for better
communication betueen government and fifif?“s is ncver more important, This

is as true for those issues involving science as for other fields. The
difficulty of achieving an adequate level of both communication and understanding
between scientists and non-scientists, let alone sustaining them, is well known.

Rensseiaer Polytechnic Institute proposes to work on this problem by conducting
ar. experiment in science/citizen interaction through the use of participatory
television. Two specific occasions will be involved in this experinent: one
will be a university-wide exposition called "Archimedia' which is an attempt

to fostcr better communication of ideas across disciplines and across university-
cemmuaity lines. The other will be the 1972 Annual Meeting of the American
Association for the Advancement of Science in Washington, D, C. At both
events, a serics of issue questions involving both science and societal -~ .
cencerns will be prepared and distributed to the public through general
circulation magazines and newspapers. Television will then be used to provige
citizens the chance to respond on-the-air to the issues raised at the AAAS
meeting where four one-hour programs on science will be telecast over the
Public Droadcasting System. The RPI staff will assist the AAAS in designing
interactive feedback on the programs. The results of this experiment in
citizen interaction will be thoroughly documented and given wide dissemination.

Arount: $30,000
Duration; 5 months
Date of Award: O:tober 16, 1972




NATIONAL SCIENCE FOUNDATION
PROJECT AWARD SUMMARY

NAME OF INSTITUTION . NSF FUNDING ORGANIZATION
' Museum of Science and Industry Office of Government and Public Prograns
Chicago, Illinois ~ Public Understanding of Science Program

-

PRINCIPAL INVESTIGATOR
Victor J. Danilov

TITLE OF PROJECT
Science Playhouse - Cooperative Program with Goodman Theatre

In a cooperative venture, the Chicago Museum of Science and Industry and
the Goodman Theatre of the Art Institute of Chicago plan to produce a
series of scicence-oriented plays for school children in‘the-Chicagodg;oa.
The plays will be produced and presented by the Goodman Theatre in the
auditorium of the Museum. Scientific consultation and guidance will be
provided by the Museum staff and outside consultants,,

Four plays will be presented in the initial series, Two will be adaptations
of existing plays and two will be originals, including one play, tentatively
titled "Discovery' which will heavily involve audiénce participation. Each
play will be presented twice daily for a week with the admission being free.
It is expected that more than 50,000 children and adults will see the

entire series during the 1972-72 school ear. Audience impact measurements
will be taken periodically to determine the effectiveness of the plays as

a media for communicating scientific information to young people.

Amount: $37,000
Duration:- 12 months
Date of Award: October 27, 1972




