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’  PREFACE
. : - k)

In eer y’ June of 1978, members of the Social Science Education
Consortium gathered in’ Boulder for the-annual conference and torpor®kion
meeting of the Conhottium. Thé conference topic, ''Science-Related Social
Issues and Social Science Education," reflected the personal: and profes—
sional concerns of many SSEC ?embers who felt that the schools could. and
‘should do a better job of preparing citizene to participate intelligently
in making important social policy decisions. ' o , .

Before the conference, a background paper was prepared for participants
by Kenneth D. Benne and Max Birnbaum, ‘emeritus professors at Beston Univer—'
sity and partners in Staff and Organization Consultation, Inc. Between ‘
them, Benne and Birnbaum have amassed close to'a century of experience
in teaching the disciplines of sciénce and SOcial science, both to stu-
dents at all levels of schooling and outside the context o the school J
claserom. Benne subsequently served as q most eloqhent synthesizer of
the conference proceedings. .

‘ Building on their original workiné paper and on some of the ideas

" and needs expressed- at the conference, Benne and Birnbaum went on to »
develop this practical resource for teaching about science-related social
issues. We believe'fhat it‘mayjhelp to £f111 a critical gap in_todai's
social studies curricula, and we hope that both teachers and students
will findvit useful in developing-'some of the gkills tequired for respon-
sible citizenship in a world of ever-inctsasing technological—-and‘

thus moral-~-complexity.
\

N : Irving Morristett )
. . Director, ERIC Clearinghouse for
//// Social Studies/Social Science
N ‘ Education. .
Executive Director, Social Sciénce)
/// : : Education Consortium, Inc. - }
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1. : INTRODUGTION TO TEACHING ABOUT SCIENCE AND 'SOCTAL POLICY

—

-Social issues and spcial problems have long been an accepted part
‘of the curriculum. of aocia1 studies in American secondary education.‘
The reasons for focusing instruction on the ;exploration of unresolved .
;Les represent the agenda

social issues are convincing ones, Such is
of unfinished societal business into which citizens in a democracy are

expected to invest their participation in social and public policymaking.

¢ t

And the study of social issues, under responsible educational auspices, .,
should help to make citizen participation better informed, .more. thoughtful &

and more responsible. : ‘ T L (

This argument is, of course, based on the premise that an important
objective of gocial studies education is to deepen and extend litetacy
and effectiveSEEs'in citizen particgpation. The authors believe that
this objective ig still an accepted*‘nd acceptable part of tHE€ social i
studies curriculum in the 1970s. But many &ducators ‘feel that the study
of social issues (s how in need of revision and refocusing. 'In 1975,

the National Council for the Social Studies gave autonomous status to ita
'Science and Society Committee with ‘a mandate 'to help/teachers, students(f

and others deal effectively with science-related social 1ssues.'" The

preamble to this mandate deserves full quotation: ' ) . ,

The act of science and technology on soclety, and of sotiety
—6n sclence and technology, are of increasing and vital importance.
Scientific’ and technological developments often move so rapidly
that social institutions are unable to respond effectively. 'This
gives rise to unprecedented ethical questions and societal problems
and creates demands on citizens and on society for new insights

« _and understandings.

It has lomg been recognized by educators and others that science and
technology are important and powerful elements in contemporary societal
change, But only recent have the interrelationships between science,
technology, and society become a focus for study in some colleges. And
“our survey of the literature indicates that these interrelationships have
yet 'to become an important focus for study in high schools and inter-

P
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No doubt there' are many reasons for this educational lag, but two
reasons seen particularly important for out purpose.
First, the'study*of sclence and soclety has fallen between 8tools in
_ . our departilentalized high school curricula. Does the study belong in the\
lcurricdlum ot bdtiel studies? Or does it belong in the science curriculum?
: Collaboration between social studies teachers and science teachers would
- most probably be desirable in presenting such material, However, the need
to bring science-related social 1issues into the classroom is too: important
a and urgent to wait for widespread development,of such collaboration.
B Part of the hesitation of,s’cial studies teachers to assume leader-
'ship in this neglected area of instruction may well stem fromvthe fear
that they are not prepared to provide science instruction. Yet 1t is not
technical ‘education that is being called for; such content is properly in
the domain of science and engineerin fnstruction. The teacher of science—
related social issues requires-only’Zn intelligent lay person's understand—
iné'of the scientific and related technological developments which have
precipitatedlurgent and unsolved social problems in'our society. The"focus
of study should not be the technical character of these developments but
/ rather their actual and potential effects on people's lives. We need t:
'  examine the sociology, politics, and history of scientific and technolog-'
| ical developments 1in order to understand the ethical and moral implications
‘~of'proposed alternative ways of managing the powers yhich sclentific and
technological discoveries have placed into human hands.
/ “,The second reason for the neglect of science—impacted soclal .issues -
in high school instruction is methodological in nature. In its mandate
to tne Science and. Society Committee, the NCSS noted that contemporary
science and technology have confronted citizens and societies witn "unprec— Z
edented ethical questions." The regolution of ethical questions always
involves people in practical judgments about what should be dgne. @nd
" practical judgments inescapably involve value§13dgmentsi?choices between
competing and conflicting interests and value orientations.
Questions of social and individual ethics are inherently controversial,
., - Educators have, not infrequently, sought to avoid‘controversy in. teaching-

learning situations. There is’no doubt that harmonious classroom and

) ' ~, (/A/ ’x
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school~community ;eIgtiona may:be endangered by focusing’ school instruc~
tion on controversial, value-laden: issues. And teaching may well ba
more difﬁicult——it certainly more challenging--when the subject.matter

‘deals with controversial issues, ,

Part of the difficulty arises from the false asaumption by some
teachers and parents that school instruction will and- should lead to

"the "right" anawers to all questions raised and considered in the class—

. room., A social isgue that is genuinely unsettled hag no one "right" . |
golution, so long as soclety is.struggling toyard workable agreements
about acceptdﬁle trade—offs and resolutions. Teachers should expect
that different students, during’and after study of a socf&l isaue, will
choose different positions with respect to that issue, since,we live--'
‘and will continue to live;—in a pluralistic society (Birnbaum 1964) .
But teachers can reasonably expect that -any position chosen by a atudent
will be informed and readoned and that students will be aware of and
understand alternative positions in the controversy: )

lAnother part of the difficulty arises from the fact that teachers
often hol_Bto a model of problem solving better suited to making theo-

’ regical judgments than to making practical juydgments, In making practie‘ ’
cal judgments, the reconciliation of competing interests and conflicting
value orientations is an inherent part of the process., In‘theoretical
judgments, cholces between alternative hypotheses are based, ideally
and primarily, upon the weight of factual evidence.' The)judgments that
students should be axpected to learn to make through the study of social

1ssues are practical, -policy ‘judgments in which relevant facts are only ’

one component. The discipline which students ideally acquire in such
studies 18 that of participating responsibly~and effectively in the
making of ;policy choices and judgments, ‘ ®
The argument that the basic disciplide to be cultivated in civic
education 1is related to practical Judgment and policy choice 18 not new
in the 1literature of educational theory. This argument is based on the
recognition that while scientific and technological expertise is an indis~
'pensible component in publiéd policymaking, the ability to appreciate ‘
and adjudicate conflicting interests and value orientations is equally

..‘l
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indispensable 1f technological expertiaa 15 to be used in the service of
humanly defensible and acceptable ends (Raup, Benne, Smith, and Axtelle

1943 and 1963),. . : : :

« In this monograph, we will first discuss some aspects of the sociology,

]

politics, and history of acience.qnd~technology in contemporary society.

We will then try to suggest a desirable béiance between ssientific,~social,

political, and ethical considerafious a8 we discuss what and how to teach

about some of the policy 1ssues which have grbwn out of a few important 27

scientffic and technological developments. Our hope 1s ¢ that this monograph

will help teachers find and use appropriate models of discusaion and delib—
- eration as they introduce students to the study of science-impacted social

issues.
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(712. THE SOCIOLOGY POLITICS AND HISTORY
UF CONTEMPORARY SCIENCE AND TECHNOLOGY ot

R .

Those who are“entrusted with responsibilty for guiding human conduct J

into the future aeldom have in themselves the knqwledge and information
_needed in order to make long~range plans which are valid “and workable.

The policymakers pust seek advice from persons who claim expert knowledge-

about the activitijes which the policy or plan is designed to order and
vcontrol " S - L -

However, expertise is only one requirement for making valid and -
workable policies, Other factors——legality, morality, _economics, ..
and ‘the often-conflicting attitudes, needs, and values of people affected
by the policy~—muat also be considered The fact that expert knowledge
is a ne essary component of policy decisions does not mean that we should
leave policymaking to the unchecked judgment ef experts, even in issues
that are complicated by highly technical considerations. ,

- Most unsettled areas. of - social ‘policy which plague people in America
.today bristle with technlcal questions which nonexpert "lay persons" are
unable to answer for themselves. i‘For example, how much can and should we
depend on nuclear,energy as an alternative to our dwindling supplies of
'petroleum and natural gas? Laymen are dependent on the knowledge and
know-how of experts in answering such a question.» We must depend on the
knowledge and. research of geologists'in assessing the extent of untapped
supplies of fossil fuels in the earth and on the know~how sand research of
petroleum engineers in assessing the acce951bllity of these supplies and
the.cost of extracting them. We must depend on nuclear physicists for
knowledge about the radiation effects of various fissionable materials
and on nuclear engineers for information about the feasibility and cost
of»buildinélnﬁcleaf reactors. And they in turn are dependent on medical’
scientists and biglogists fdr estimates of the effects of‘various radiation.
leVels on land and sea life and on construction engineers for assessments of
the feasibility and cost ‘of building structures for safely housing reactors

and sequestering nuclear wastes. ‘

The situation 1s similar with other kinds of unsettled policy questions.

r
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How can. and should we cohtrol cancer-producing chemicals in food, air, and
water? Here the expertisé ‘0f chemists, chemical engineers, medical scien-
tists, and sanitary engineers comes into play. How can and should we
rebuild and maintain damaged life—support systems for endangered animal
specles, including man? Here the advice of" eco}ogists and environmental
engineers is required How can and should we protect individuals from the
invasion of their privacy by the intrusions-—dangerously implicit and to
some extent now explicit--of qomputers and other forms of electronic
ecience and technology? Here the resources of éolid-atate physicists ‘and
,e}ectronics engineers and technicians become.important. ’ '

- ‘Two significant points about eontemporary policymaking emerge from}

" these obseryations. The firsg point is that policymakers are now ines-
capably dependent upon two classes of experts: scilentists and technolo-
gists, or engineers., Although this conditfon has existed since the Indus-
trial ﬁevolntion, the extent and quality of this dependence changed in
the United States and other developed nations during and after World War
II. Tne revolutionary character of this change can be illustrated by
pointing to what has hapnened in recent years to the so-called natural
sclences--physics, chemistry, and biology. The adjective "natural," when
applied to science, once connoted the study of and accumulation of knowl-
edge about the forms of energy, matter, and life that existed and func-
tioned naturally on and around our planet Earth,. The technological appli-
cation of scientific knowledge was focused on improving and refining the
utilization of natural energies, materials, and life forms.

However, recent advances in the "natural” sciences have produced
energlies and materlals not previously found in terrestrial nature. Nuclear
physicists, have converted matter into energy, created new chemical elements,
and produced concentrations of radiant and heat energy not previously
'gccurring on Earth. And nuclear engineers nave developed these findings
into artifacts that introduce unprecedented conditions into our habitat.
Chemists have produced thousands of conpounds with no counterparts in
nature, and cnemical engineers have impregnated our environment with these
- artifactual substances in the form of ingecticides, herbicides, drugs,

synthetic fibers, and plastics. We are told by physicians that more than

°
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90 percent of theldrugs they now prescribe did not exist prior to World
War II. Biologists have recently begun to produce forms and épecies
of life that transcend those developed in the long course of organic .
evolution. And before long bioengineers may be employed to support
industrial-entrepreneurs in offering new, self-perpetuating. species for
. sale_and.utilization, just as chemical engineers have helped produce
,newvcommerc;al compounds and nuclear engineers. have been employed to
develop.new elememt¢ and energies.

The poet e.e. cummings once noted wisﬁfully that "a world of made
is not a ‘world of . born." We have moved dramatically into a '"world of
made" as our lives have been increasingly shaped and influenced by man-‘
made features in our environment. In many cases, traditional wisdom is
no longer helpful in guiding our lives. Herbert Simonwhas termed this
aspect of the "mew'" science and technology the "science of the artificial."
It is this science, with its cognate technologies, which has emerged only
recently to_complement and in some cases to supplant the traditional
"natural" sciences and their related technologies (Simon 1968).

The second point concerning science, technology, and policymaking
today is illustrated by the form in which the policy dilemmas cited earlier
were stated. The question is not simply "How can we control cancer-pro-
ducing chemicals in food, air, and water?" but rather "How can and should
we do so?" OQur policy dilemmas present us not only with "can" questions
of fact and possibility but also with ”shOuld" questions of ethics and
morality.

Our traditional social moralities took form within the parameters of
a slowly evolving natural environment and were eomnxnicated from old to
new generations as axioms Of folk wisdom and common sense, often with
iittle or no conscious assessment of their adequacy in guiding the
conduct and management of contemporary human 1ife, Todav, as we seek to
shape social policies toward humane ends in an environment that has been
transformed through the agencies of science and technology, neither the
content nor the method of transmission of traditional moral precepts can
be assumed to be adequate, The consequences of various proposals for

utilizing new knowledge and managing novel technologies must be critically
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'assgssed, and "new" ethical and moral foundations for’ social policy must
be forged and tegted. This charge Suggests a second condition of civic
1iteracy‘fqr men and women today: They must accept responsibility for

helping to forge a morality which can bring the awesome powers released

by modern science under humane direction and control,

A Brief Historical Digression

Even though our contemporary situation is in many respects novel, we
should not‘neglect the history of past attempts to use the expert resdurces
of knowledgeable men and women in formulating, eQaluating, and justifying
social policies. ’Many—-perhaps most--"educéted" persons iﬂvWestern soci-
eties have grown accustoﬁed to thinking of scientists and technologists'
as the only legitimate repositaries of expertise., The utilizationm of
alternative, 'monscientific' resources in forming, legitimizing, and eval-
uating social policies may be seen as ''superstitious" and thus without
relevance in a ''monsuperstitious" age.

Without some historical perspective on the emergence of modern science
as the principal arbiter of factual knowledge, it is easy to forget that
the claims of science have been challenged repeatédly and insistently by
other glaimants to knowledge about the meaning and workings of nature, of
history, and of mankind. Sometimes these challenges have come from priests
and leaders of traditional religions, at other times from prophets--reli-
gious or secular--possessed by compelling visions of human destiny. Stu-
dents of the arts and humanities have at times claimed knowledge "higher"
than that ﬁfovided by science and technology, Faith healers., soothsayers,
and astrologers are others who have never surrendered compI:;ely to the
forward march of science.

And--lest we think that challenges to the authority of science and
its claims to superior knowledge occurred only in the dim past--the tur-
bulent decade of the 1960s should be recalled. Widespread disillusionment
with the bitter fruits of militarized science and technology, widespread
anxiety about technological threats to the natural environment, widespread
despair about the failure of established\ways of policyﬁaking to)achieve
just and humane ends--all these led to the widespread embracing of alter-

native ways of living and knowing. Indeed, the reaction of many, especially

10 | ,lk'
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among the idealistic young, w/s to rebel déainst all established author-
/oung reb:i;{/science and technology were Seen

/stabllshmen . The alternative sources of knowl~

ity-~-and, to many of these

"

as synonomous with the/

edge to which these rﬁbels turned Were diverse--astrological, religious,
pharmacological naglcal. Leading scientists and schofars were sufficiently
concerned about/these challenges to devote two entire/f;sues of baedalus.,
the Journal¢9f the American Academy of Arts and Sciences, to a reassessment
of. the ho;d/and authority of science in the public consciousness (Daedalus
1974 and 1878). K ‘ .

Ve In the flrst of these issues devoted to an assessment of public accep-
/~tance of the "authority" of science, many of the articles reflected a sense
of bafflement and some defensiveness in response to challenges to the
autonomy of scilentists to determine valid.directions for scientific inves~
t;gations. One author, Rozak--himself an exponent of the counterculture
v7and an advocate of human dependence on nonscientific knowledge--contribyted
an essay which supported a polarized definition of the situation as "sci-
ence versus non-science" (paedalus 1974). In the second assessment, foyr
years later, most authors accepted the rationality and necessity of placing
some limits upon scientific inquiry, and some authors explored the poSsi-
bility that citizens might participate, along with scientists, in making
decisions about the direction, tempo, and conditions of scientific invesgti-
gation (Daedalus 1978).

Sociologists of knowledge have reminded us that, throughout the hig-

tory of human societies, policymakers have always sought the advice of
men and women with claims to special knowledge (Znaniecki 1940). Rulers
in ancient Greece consulted the Delphic oracle and her attendant priests
and priestesses before undertaking important public ventures., Egyptian
pharaohs sought the advice of the priests of Ammon-Ra concerning questions
of statecraft. Saul, king of the ancient Hebrews, turned for insight into
the future to the witch of Endor. Roman rulers depended on soothsayers
and their examinations of the entrails of sacrificial animals for omens
predicting the success or failure of imperial projects. Chinese emperors
sought and listened to the counsel of Confucian sages, whom they supported

as part of their courts, in forming and executing public policies.

b,
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In oﬁr contemporary period, with its unpfecedented dependence on
science and technology, pollcymakers stillféometimes depend on the func-
tional equivalents of oracles, sages, and soothsayers in making ‘and justi-
fying public policies, though these modern.cbunterparts are likely to-
wear the laboratory coats of scientists and talk the language of engineeré.
One might also draw an analogy between opinioq.polling and market research
and the augurles of Roman soothsayers. Or the mantle of sage may rest '
upon the shoulders of James Reston, Eric Sevareiﬂ, or some other influential
journaligt, However, as has alreadyﬁﬁeen noted, accurate and valid infor-
mation 1s only one--albelt indispensable--cémponent of wise policymaking,

To thrust the role of:soothsayer, sage, or oracle upon the scilentist or
engineer, as anxious leaders and citizens are sometimes prone to do, 1s y
to fail to wisely use the limited, though indispehsable, contribution such
an expert can make to policvikaking,

Another lesson to be drawn from the history of the interactions between
policymakers and persons with sptclalized knowledge 1s that tension -always
exists between people who are interested in action and those who are pri-
marily interested in seeking and extending knowledge (Kelly 1963). '"Action"
leaders are interested in maintaining and extending their power in éocial
control; knowledge is sought and used insofar as it‘is instrumgntal to
this purpose, For the knowledge bullder, knowledge is both a va}uable
end in itself and a prerequisite for the finding and testiné of.ﬁ;;e knowl~
edge. Action leaders want guarantees that success and "payoffs' will
result from the knowledge they employ. For the knowledge builder, the
failure (disconfirmation) of a knowledge‘claim may be just'as significant
as or even more significant than the success (confirmation) of a hypothesis.
Action leaders value knowledge which is applicable in the short run.
Knowledge bullders have a different time perspective on knowledge; to them,
the most important kings of knowledge may take a long time to acquire and
confirm or discgnfinm; Thus, &he interests of sciengists and those of
policymakers and policy executors are not always compatible.

It 1s true that new knowledge-based roles have developgg in our science-
shaped society which are intermediate between those of baslﬁ‘gcientists

and action leaders, or organizational executives--the roles of the applied

=
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scientists, the engineers, and the technicians These roles. will be

explored later, However, the- tensions batween scientists amd policy-
makers remain everr as their 1nterdependence has increased.

\ . ‘ -
Science vs. Technology ~ "

. So far, we have nade no distinction betWeen science and technology,
nor have we diffegentiated the functional role of the sciedtist from '
that of the engineer;or technologist. There is, ©of course, a defensible
(though not always clear) d1stinction between the two roles. Put simply,
the scientist's function is to find out how things work and hod to do

- things, . The engineer's role is to plan and design ways of- getting things
done. The aim of the scientist is to producé tested knowledge. The aim
of the enginger or technologist is to transfornm knowledge into techniques
and artifacts for which there is a human demand, Scientists operate
"within the domain of knowledge. Engineers and technologists operate
within the domain of practide. <

There was a time when/the‘roles and domdins of the scientist and
those of the ekilled artisan or craftsman were more clearly separated .
than they are today. 'Skilled artiéans possessed lore and skills which
had»accumulatedlthrough a long history of humanxexperience. These skills
were transmitted thrqugh an extended working aseociation between master
and apprentice--not uncommonly, betWeen father and son. This was true
of the practical arts used in the making of artifacts: - metalworking by
refiners, blacksmiths, silversmiths, and toolmakers, woodworking by car-
penters and cabinetmakers., Iy was also true of the practical arts used
in doing things, oftem with the aid of artifacts: farming, navigating,
making war, keeping the peace.

Science on the other hand, flourished--where it did flourish——apatt
from places of industry, commerce, and agriculturée: in monasteries, in
royal courts, in private laboratories, in associations of gentleman.scien-
tists (for example, the Royal Soclety in England), and, increasingly, in uni-
versities and institutions of learning. The findings of scientists were
transmitted primarily by written documents and treatises, in contrast to
the greater dependence on oral transmission exhibited by artisans and

craftsmen. As a'reinlt, didactic instruction was more important in the

\
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. education of scientists-than in the training of artisans. The'associations
between scientists and craftsmen were further inhibited by social class

. divistons, with,;he higher docial status usually ascribed to persons who
‘ worked with their\hinds. ' o ‘

' Only when the economic and other advantages of production based on /

.scientific knowledge were discovefed . by men of action in warfare, industry, *

and commerce did scientifically educated engineers and technologists begin

. fo displace skilled artisans and craftsmen 1in armies and navies, in factor—

_ ies% in market laces, and eventually on farms.- This displacement was ,
hastened by thi\adoption of mass—produttion methods in the 19th and early
20th centuries. Unskilled and semiskilled workers began to replace skilled
workers in processes- of production designed and controiled by engineers--
processes that often used "artificialf{materials discovered and developed.

N by seientists and englneers. = The hegemony of scientists and engineers in
industry, commerce, and agriculture has been further strengthdned in the
20tH’century by the trend toward automatized. production, a trend made i
'p08sible by developments #in electronic and cybernetic science and engineering.

These revolutionary developments were facilitated by theu*“?Lidization

of sclentific research by industries and governments toward the end of the

v

19th century and, much more heavily9 in the 20th century. As J.J. Thomson,
the British physicist, once remarked, 'Research 1in applied science leads
' .to reforms; ngsearch in pure science leads to revolution.”" To this‘ghe
.}authors would add that the linkages between basic science, applied Bcience,
and enginegring--linkages supported and subsidized by governments and'
inhustrieSv—have ¢reated a continuing revolution in the conditions of our
lives.

. The segregation of knowledge from practice has broken down as the
effortsrof scientists, engineersy policymakers, and leaders in government
and industry thave ‘become more closely. coordinated Although skilled .
artisans and craftsmen have not disappeared from society, they have moved
closer to the "artists'’'in social function, and they now join the market
in the production of luxury goods. On'the other hand, the'dependence of,

' engineering upon the sciences is evident in the names given to many of

the former's contemporary branches--chemical engineering, electrical engin-

-
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\\ eering, electronic engineering, nuclear engineering. The sciences are,
in turn, fed by the demands and requirements of engineering.

There is indeed a division of function between scientists and
engineers. However, the major impact on society has come .from their
Joint and interacting efforts, not from the independent efforts of one
or the other. The problems that have been generated from this combined
impact are the focus of this monograph. In his four-volume work Science
in History, J.D. Bernal made a statement that furnishes an apt conclusion.
to this section:

Steady and cumulative improvement of technique can be
expected from engineering; but notable transformations
only when science takes a hand. ., . . At the same time
engineering successes, and even more engineering diffi-
culties, furnish a continually renewed field of oppor-
tunity and problems for science. The complementary
roles of science and engineering mean that they both

need to be studied to understand the full social effects '
of either. (Bernal 1965, vol. 1, p. 42)

\ The Role of Governments and Corporations

Science and technology are both precipitators of problems related
to social policy and sources of solutions to those problems, The life
blood of science and technology is continuing research. It is the knowl~
edge that has emerged from such research projects that has extended man's,
power to build and destroy.  Social policies desigred to channel this
nower toward ccnstructive and humane ends must order and direct the ucili-
zation nptﬁonly of the knowledgeiand techniques now available but also
of those yet to be produced throngh continuing research.

Scientific and technological research is now linked to policymakers
and policy executors in three principal ways. First, scientists and
engineers have become dependent upon governments and industrial corpora-
tions for the funding of their research programs, Second, governments
and industries have becSEgpprimary employers of the talents of scientific
and technological researchers. Third, both industries and governments
haye develogethey patterns of social organization in order to facilitate
the utilization of the findings of basic scientific research in applied

\
research and technological development and in turn to facilitate the
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utilization of developed technologles in practice and production, In this
azsyibn we will explore how each of these interrelationships 15 related '

t6é currently unsettled issues in the social utilization of Science and
technology.

Big Money for "BigAScience". A.M, Weinberg has used the term "Big

Science”" to emphasize the éxorbitant costs 6f research in many areas of '
science since World War II. The Manhattan Project during that war, which
led to thie development of the étomfk bomb, required the production and
use of costly equipment and the employment and coordination of a small
army of scientists, engineers, and technicians. Only an affluent, govérn—
ment could have mounted and supported such a vast program, The effort of
the National Aeronautics and Space Administration (NASA) to put men on
the moon required billions of dollars of public money both £or the neces-
sary instrumentation and apparatus and for the employment, coordination,
and training of the scientists, engineers, and technicians who were
involved.

These are two extreme examples of the heavy financial outlay now
required for scientific experimentation and technical aannces in many
fields--among them high-energy physics, astrophysics, clinical health
investigafions into cancer and heart disease, energy research, and weapogs
development. Much of the expense is related to designing and building
the elaborate apparatus and instrumentation reduired. However, the person-
nel costs of "team'" and "project” research are also high. )

Because only governments and large industrial corporations can afford to
support research in today's '"Big Science" and "Big Technology," the roman-
tic image of the solitary scientific investigator, laboring and pondering
in his private laboratory, has become obsolete in most fields of experimen-
tal investigation. Even though the functions of independent theorist and
laboratory experimenter have becometdifferentiated?infsome branches of‘physics
and astronomy, and to a lesser extent in chemistry and bliology, even the
deliberations and calculations of the independent theorist are likely to
be computer assisted. Moreover, theorists depend ultimately upon experi-
menters tb put their theories to an empirical test. Thus it is probably

accurate to say that ''team" investigations and governmental and industrial
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subventions of scientific and technological research have become the
xulg‘rqther'than the exception in todﬁ&"é world, , o
This'tregdrin research funding is séan a; a mixed blessingjgy.nany

baéic‘sciéntisps.. The tensions beéween the scientific mentaliiy-and
the action mentaiity-have already been noted. Some.basic scientists

. fe;:uthat increasing dependence on governmental -and industrial funQiné
will divert research away from questions arising out»nf the gaps andf
inconsistencies in the theoretical frameworks of the scientific disci-
plines, thus reduciné the likelihood of.achieving continuing break-
thrBughs in basic science. These écientisisvféqr that the interests

:‘which cpntroi the purse strings will direct research more and more

to applied problems, wHeEe the likelihood of immediate payoffs in

practical results seems highest, to the detriment of basic scientific
- (] .
research.

This conéern was one factor that led to the establishment of the
National Science FOundation in 1950. Government funds allocated to the
«NSF were to bé used primarily to further basic scientific research, ° l
ngvey Brooké put this innovation in science policy into histor;cal

perspective:

In the United States, government support of science

‘ evolved piecemeal in response to a succession of oppor-
tunities and needs arising in separate historical epochs,
Only-after World War II did the federal government begin
to consider the support of science on its own terms a
legitimate responsibility of government, and to contract
to an appreciable extent for research to be penfbormed out-
side government' laboratories, A national commitment to
the support of basic research was clearly institutionalized
only in 1950 when the National Science Foundation was
created, Even as late as 1972, however, the research
budget of NSF accounted for only 2,5 percent of total
[research and development ] expenditures, or 5.2 percent

" of all non-military ones. The NSF supported less than 10

percent of basic research and less than 20 percent of all
federally supported research in universities. All other
[research and development] expenditures were budgeted and
administered by the departments responsible for functions
defined in social rather than scientific terms such as
defense, hqalth, agriculture, environmental s&vices,
housing, transportation, and social welfare. In this
scheme the large expenditures of the space agency (NASA) "
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. and the Atomic Energy Commission (AEC) are something of
a hybrid, for neither space nor atomic energy is a social
function in the normal semse. Rather, each represerits a
defined range of technology supporting a variety of social
and political objectives, (Brooks 1978, p. 130).

Two sets of policy issues emerge from these observatioﬁs about the
trend in research funding. One -set of‘isségs has to do with the relative
émphasis, in the allocation of grants and éubsiaiés, on basic research
as opposed to appliei.igsearch. Another set of ‘issues haslto do w;th the
allécatign of research funds to activities related to various social '
fynctiofs~~among ﬁhem defense, health, énviropmental protection, agricul-

énergy, education, and welfare,

Since government subvention of regearch is paid for by taxpayers'
dollars, citizens have a stake and a legjtimate voice in the extent and
focus of research that is supported by government funds, Industrial

‘reseaf®ch is, of course, also paid for by citizens‘in.their‘rdle as con-
sumers. The costs of research are built into the prices we. pay for drugs,
gasoline, cosmetics, desk calculators, and tglevisioﬂ sets, The influence
of consumers on allocations for industrjal research is perhapg/more {ndi-
rect and less well developed and exercI8ed than their ingluence on alloca-
tions for governmentaily funded research. ’

The Politicization of Science. Governments and industries not only

pay much of the costs of scientific and technological research today,

they are also the principal employers of scientists and even more qb of
engineers, Science and engineering have thus become politicized--perhaps
more accurately, in Price's terms, sclence has itself become an establish-
ment (Price 1965). The trustworthiness of scientific and technological
expertise +has traditionally depended on the ”objectivity” and '"factuality"
it brought to deliberatig;s abjut controversial issues of social and
public poligy. As scientists and engineers heye been employed to serve
the purposes of various special interests, both within and outside govern-
ment , ghe "objectivity" and "factuality" of their e%pert;se has been
increasingly called into question, it is not that factuaiity and objecti-~
vity are no longer needed in policymaking but rather thd{ policymakers

are more and more called upon to judge the boundaries between "fact" and

P
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“interpretation*~as they utilize scientific and technologidal expertisgf{7 .
The lack of-~-~and need for--policymaking processes  that take into
“account the cdmplex interpwiﬂing,of scientific’and technological expertise

with governmental and industrial employment was aptly described by Brooks:

Historically both science and technological innovation
have received much of their impetus from war or from
political competition between natiom-states. In' most
industrialized countries the largest fraction of techno-
logical effort goes into pradectS“fbxrnational‘defense,
space, and nuclear energy and a Targe' fraction also goes
into supporting national competitiveness in international
trade. Is is estimated that 25 percent of the world's
scientists and engineers are engaged in military research
and. development, and the gredt majority of the rest are
engaged in industrial research. In these areas a fairly
comprehensive system of innovation has: evolved, so that
‘knowledge does move into action, and work in research and
development is coupled to end products~~though perhaps
least successfully when governments have subsidized
[research and development ] directed at prodhcts‘and ser- R 4
vices for the’privatevmafket which, outside the socialist -¢
countxies, they have done most extensiveix in Europe and
the Uﬁ}tgd Kingdom, ' o ‘

Today we are witnessing a breoadly based world~-wide move-

ment, both within and outside the technical community, to

utilize science and technology for less nationalistic pur- ‘
- poses: for the alleviation of poverty on a global basis,

for better management and protection of the world's resour~-

ces with minimum detriment to economic development, for

the achievement of greater social Justice, for the more

reasonable allocation of the resources of the bioipﬂere

toward sustaining a decent human life for all people. In

these areas, however, we are faced with a massive deficiency

of experience in coupling knowledge to action. We scarcely

know how to translate what we know into tangible benefits

or wise social restraints, and conventional wisdom, good

intentions, and moral fervor are hardly adequate. The

very. success of technology in some areas has generated

expectations which make its inadequacies in others seem

the more glaring and inexcusable. The "if we can land a

man on the moon'" syndrome has transformed what e expect

from technology, but, in fact, Americar successes in 8pace

carry relatively few lessons applicable to problems, like

virtually all of those mentioned above, where conflicting

interests and values play a large part. (Brooks 1978,

pp. 127-128) ~ o ’ 7 -
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* :Ome of BrOOks 8 points about the politicization of science and tech-
nology deserves further underlining. that a significant proportion of
scientific and engineering talent is employed in militégy research, The
cofnections between war and technology are not new; such connections have

existed throughout history. And, whatever the disvalues of 'an increasingly

powerful military. BcienCe and technology inythe augmentation of -human
deatruction, it is true that "fallout" from military regearch has in the
past contributed to nonmilitary science and to peacetime technology

- ®ernal 1965, passim)., Nevertheless, the- capacity of modern-militarf
technology to destroy irrevocably‘the earthly habitat of mankind sheds a
new moral light on our continuing investment in military research,

Moregver, the concentration of scientific and technological talent

in military research and development deprives people who are working en
peace-serving problems of the resources they need in order to develop
solutions to these problemsf‘ In another essay, Brooks commented on the
economic and other dlsvalues that result from the concentration of exper-

tise in military research:

In 1970, the total research funds in the world devoted to
military efforts were estimated at $25 billion, about 40
percent of the world total for research generally. Some
‘25 percent of the world's sclentific and technical man-
power was engaged in research which, however general its
%potential application, had been originally justified pri-
marily on military grounds. This 25 percent probably rep-
resents the most. sophisticated and highly trained segment
of the technical community. The military devotes much - !
more money than other economic enterprises to do research
and development: it accounts for one~eighth of all world
. sexpenditur8s for military purposes, whereas in manufac~

,, . turing industries in the United States, for example, it
' f"“"acc:ounta for only about 4 percent of sales. From 1958 to
1965., 80 percent of the personnel additions to research
and development occurred in just two industries, aerospace
and electrical equipment, f.e., those most heavily involved
in govermment~financed defense research. In 1968 roughly
43 percent of the physicists in this country with doctoral
degrees were at least -partially dependent on military bud-
gets for support of ‘their scilentific effort. Moreover, a
significant fraction, perhaps 20 percent, of the scientific
recruitment in the 1960s was accomplished through a '"brain
‘drain'" of trained people from the rest of the non-Communigt
world, including the less industrialized countries. . . .
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There is now fairly wide agreement among ecomomists that , © - .
the American concentration of space and defense in tha. - -, o
‘early 1960s had a depressing effect on innovation in the .
private economy, as well as on efforts for public improve- -
ment in such areas as pollution control, public transpor-
tation, and housing. A recent study by Boretsky suggests
that in the Netherlands and Japan the number of scientists
- * and engineers per equivalent dollar of GNP “in civilian
’ industries is more than two and .a half times. larger than
~ 1n the United States. This gives a somewhat exaggéerated
, ) picture,,iéﬁause there is some civilifh "fall-out" from ‘ ‘ .
' military and space research and develdpment in the United o
States, but it does suggest one reason for the recent poor -
performance of this country in international trade, and\it
is indicative of the possible price paid f¥r preoccupation
with military research over the past two decades. ;

To the exﬁent that science and technology and their wide

diffusion are important components of world economic devel=-

opment, the statisitcs quoted above reveal that the diver-~

sion of human resources to military expenditures is much

more serious than 1s the diversion of economic Tresources,

(Brooks 1975, PP. 93-94)

Brooks has pointed out that some scientists have undertaken to att

as the conscience of soclety with respect to the humane and construc—
tive uses of éciehcewbased technologles. For example, a group of "atomic"

_ scientists who were appalled by the awesome- potential of the nuclear energies
they had helped to release established the Educational Foundation for
Nuclear Science in 1945, Since that time, this foundation has published
the Bulletin of the Atomic Scientists as a ''magazine for public affairs,"
Because of its analyses of the actual and propose& uses of nuclear energy
and related social and moral issues, this pubiication has become an indis-
pensable resource in the education of the public (Builétih 1945--).  Simi-
larly, the Federatiom of American Scientists continues to bubiish s Fas
Public Interest Reports under the caption '""the voice of science on Capitol
H111" (FAS, 1964~~). The Newsletter on Science, Technology and Human
Values, produced under the auspicea of the Harvard University Program on
Science, Technology and Public Policy, provides reports of current devel-
opments in the interface between sclence and other parts of soéiety and ‘
discussions of ths mogal implications of scientific and7technological

developments. Thig work is suppofted by a grant from the National Endow-
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‘ﬁanc‘;if'thc’humanities' -Such materials are important for teachers of
. social"studies as they explore, with their students, the interrelation-
ships between science, ethics, and social policy

- Closing the Communication Gap. The traditional time lag between

discoverfgs in basic r@earch and conversion of these discoveries into
changes in production and practice is due in part to the lack of estab-

_ 1ished communication channels between scientists and those who make
decisions about,;wlicy and practice. - The development of intermediate
roles between c§§Zé of basic sclentists and those of "managers" and

| "consumers'-~the roles of the applied scientist and the engineer--has
already been noted. ‘Efforté:have been made”B&“both governments and
private cdrpocations to deveioﬁf%yé;ems-which provide forhcontinuing
communication.£2tween occupants of these various roles (Havelock and
Benne 1966; Haveloci 1973). ‘

One example’offsnch an effort by government isuthe Agriculcural
Extension Servicc, which seeks to link basic agricultural research with
fhe'developmental work of agriculfdral experiment stations and, in turn,

‘with farmers through the services of coumty extension agents. There is
littie doubt that the’'vast increases in agricultural productivity in the

" United Stateshduring the past few generations have been fac litated by
the AES. Ideally, this system should provide for two-way communication
between researchers and the consumers of the frnits, bitter or sweet, of
research appiications. Unfortunately, communication between researchers
and producers has been more sustained and effective than communication
between consumers and those who determine the focus and direction of
agricultural research and development.

A comparable system for knowledge utilization under industrial con-
trol’and supervision has been instituted by Bell Laboratories of the
American Telephone and Telegraph Company. Described oversimply, the
system provides for two-way communication between’ basic researchers and
developmental erigineers in Bell Laboratories, and, in turn, between the
laboratories and the operating managers of telephone services. The
system 1is su?ervised and managed by a linking agent in the form of a

"gystems engineer." This system has no doubt rationalized and regularized '

T
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the adoption of knowledge-based innovations in 'telephohe‘&ervice.
Again, the main difficulty had been a lack of an effective way of
incorporating feedback about consumer needs and prefereénceg into the’

productiou—orignted system.
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3. METHODOLOGICAL CONSIDERATIONS

The Nature of Policy and Policymaking

When peopie in a situation are confronted with new alternatives to
customsry ways of doing things, ongoing action is blocked, A decision
must be made before wholehearted action can be resumed., ' This decision
may take the form 6f a choice from among various immediately envisioned
courses of action. Or' the decision may follow a process of deliberation
in which new alternatives arelinvented and assessed and a synthesis of
or conpromise between apparently conflicting alternatives is created.

If & group or organization is involved,‘subgroups of people normally
support different aiternatives., The process of deliberation theh takes
the form of negotiation between the various subgroups or their repre-
sentatives in an effort to identify some plan of actlan which will elicit
support and compliance across subgroup boundaries, _

The need for decision 1is often precipitated by novel conditions that
render established ways of acting unworkable or otherwise unsatisfactory.
New potential benefits and/or threats lead people to seek new patterns ofl
action. New scientific knowledge and technology often precipitate such
decisions, requiring people to make choices unprecedented in contemporary
_society. o '

Because no two decision situations are exactly alike, the most appro-

u*priate decision will vary from situation to situation, However, it‘is
equally truesthat, in an_interdependent soclal system, similar decision
situations confront people in various parts of society. People in Mas- .

- sachusetts will be affected by the way people in California decide to
handle a given situation, and vice versa, In the interest of finding

" equitable and more or leschoherent ways of handling similar sitidations
across soclety, decisions at a more general level--decisions that pre-
scribe ways of handling a "family" of situations--are often thought to
~ be desirable., These general decisions are policies,

Ordinarizyﬁ policies do not dictate the same actions for all sit-
uvations, whether by prohibition or by prescription, to do so would deny
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people the right and responsibility to shape decisions appropriately to
situations that are unique in some respects, Wholesale policy proﬁibitions
are usually made when some course of action is thought to be so prejudicial
to the public welfare that it must be taken out "of the range of individual
choice--for example, trafficking in hard drugs or exposing other people
to a dangetous contagious diseas;. Wholesale policy prescriptions are
usyally made when uniform behavior 1s thought to contribute significantly
to public welfare--for example, driving on the riéht gside of the road or
stopping at red lights. : ’ -
Most often, a policy leaves some leeway for variations in judgment:S
and decision as to the best way to handle a pa;ticular situation., It then
‘takes the form of a/sLt of guidelines or limits, For example, before a
nuclear power planézcan be constructed in a given area, policy may ‘require
a study of the environmental iﬁpact of the proposed installation, may -
insist upon safeguards to the health and safety of workers in the’plant
and of people living in its vicinity, and may prescribe limits to permig-
éible air and.water pollution. Open public hearings may be required before
' final decisions on location and’cdnstruction are made. The policy require-
ments must be.considered along with the traditional economic éomponents
of industrial policymaking in our sociefy-—cdst—ﬁenefit ratios, avalla-
" bility of funding, and estimates of profitability. | d
It is important that thé intended outcome of a successful process of
policymaking be kept in mind. The desired outcome 18 not new knowledge
and information, as it is in the case of scientific probleh solving--
although, ideally, valid knowledge and information will be assembled and
utilized in making the policy. .Rather,'the desired outcome is a workable
and enforceable way of handling a given situation. The judgments that
enter into a policy decision are pragmatic: they are value judgments about
the best norms, procedures, and patterns of action. These judgﬁénts
reflect social expectationg about the "right" way of handling a practical
situation of some specified kind, and the-policies that result from them
usually provide for sanctions again§£ persons and éroups whose actions do
not comply with these expectations, The very stuff of such judgments is

a set of ''goods" and "bads," values and disvalues, which are at stake 1in
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the courses of action being.conaidered. ‘However, as will be made clear
later, policy choices are- seldom if. ever choices between "good" valuea _
and "bad" values. Rather, they usualhy reflect decisions about how. co‘l
peting and conflicting ""goods" can best be balanced and competing and
conflicting "bads" can best be minimized or avoided. Since these various
"goods" and ''bads" are usuaily represented in the arena of policy delib~-
eration by groups with differing and_conflicting interests, policymaking
often takes the form of reconciling the conflicting interests of the
various groups. In this aenae, nolicymaking is always a political process.

No distinction h?s so far been made between social policy and public
policy. . Very often in our society, policies take the form.of legislgtion
which purports to deéfine the "public" interest in an area of action uhere
competing and conflicting special interests are also involved, A law
defines ""public policﬁ" in a general way. Those who are mandated to exe-
cute and enforce it usually flesh out the law through ispuing a set of
administrative guidelines which give operational meaning to the legisla~ .
tion. And the meaning of a "public policy" 1s further spélled out by
judicial decisions concerning cases brought to court under the lau.
."Public policy" thus involves governmental actions, and these actions
typically have legislative, executive, and judicial components. The .
participation of citizens in influencing public policy may focus on any
or all of these components. Citizens may try to_influence legislation. .
They may try to affect the administrative interpretations of the law by
‘influencing those whorare designated to execute and enforce it. And they
may bring cases before the courts to test the fairness or conatitutionality
of a law or its administration, ’

""Social policy" has to do with the formation and articulation of
‘public opinion ncerning justAways of handling policy dilemmas which
confront a society. It has to do with the definition of a common interest
in handling and wisely'controlling conflicting special interests with
respect to a social issue, Sometimes social policy is strong enough to
order and direct social practice without resort to legislation, For
example, it is social policy in the United States to conduct schools in ‘

fall, winter, and spring with extended summer vacations, Comnulsory-
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attendance laws usually prescribe a minimum number of school days without

reference to the seasons in which attendance.1s required; it is unlegislated

soclal policy which prescribes seasonal attendance, ‘ i

Or, to take a science—impacted issue as an example, inoculation against
polio waited for methods of effective prevention. When the Salk and Sabin

% vadcines were developed end‘tested, unwritten social policy motivated most !

parents to have their'children inoculated. In many areas, legislation
requiring compulsory vaccination was,unnecessary. Whether fading public
awareness of the horrors of polio will lead to universal laws compelling
vaccination of all children 1s an open question. However, social policy,
revivified through’nublic education, may still be found preferable‘toi
prescriptive legislation as a means of,controlling the 2roblem.

Sometimes public policy, in the form of legislation; follows achieve-
ment of an agreed~upon social policy and is in effect a codification of
it. At other tines, public policy 1is one step in the formation and artic-
ulation of supporting social policy toward a new public consensus, . Legis-
lation may prove to be unenforceable when it runs counter to an articulated
social policy, as witness the unsuccessful attempt of the U.S. government
to prohibit the production and sale of alcoholic beverages. R "

_In this monograph, we use the broader term, '"'social policy," in dis-
cussing'education with respect to current social issues precipitated by
sscientiﬁic and technological breakthroughs, , The formation and artiéulation .
of social policy 1s always basically a process of educating the public. /.
However, we do not mean to deny the desirability--or, at times, the necessity—bj

.of-legislating public policles to effectively resolve such issues.

s >We stated earlier that policy decisions are are seldom, 1f ever, 7
simply choices between "good"‘and ""bad," Rather, we pointed out that a
policy is a decision based on trade-offs between competing or conflicting

goods. When different groups advocate conflicting 'goods,'" the aim

of policymaking 1s to merge conflicting interests into a commonly acceptable

interest. '

‘It may seem to some that "goods, or positive values, do not or cannot

conflict. However, the fact that they are often in conflict is readily

" . apparent. if one imagines designing a tool--for example, let us say, a
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chain saw. One value which may be embodied in the design is durability.
* . Another value 1is safety gf operation.\ Still another value is light
Aweight and easy handling. Yet another value is reasonable price. It is' .
apparent that the value of durability and that of light weight and easy
handling may be in conflict because the most durable materials are
1ikely to be heaviev than would allow for easy handling. WiSe designers’
. would not try to maximize either value, rather, they would set standards .
7£of durability and wbight which were compatible. Similarly, the value of
safety and: that of”reasonable price may be in conflict. "Again, the aim
.of designing is to reconcile these conflicting values by making some
compatible and a¢ceptab1e trade-off. between the two.
. The case is no different for policymakers. Policymakers who are
concérned abodtlmaking plans for controlling the construction and oper—'
ation of nuclear power plants are likewise confronted with conflicting
positive valdbs(;.One such value is to utilize a fuel which does not
further deplete our dwindling supplies of petroleum. Another value is
the proteption of workers and people who live near the plant from
unhealthful levels of radiation. St111 another value may have to do
- with the protection of marine life 1if water used in cooling the reactors
is dumped into a river, ocean, -or lake, Yet.another value is ensuring
the security of nuclear fuel from pilferage‘by'terrorist groupsy” And.. .
still another value is production of elec;ricity at a competitive price.
- To try to completely eliminate evenxthe possibility of radiation
leakage or pilferage might runpthe costs of a plant so high that elec~
. tricity could not be%produCed at a reasonable price. A cdoling'system
that is completely devoid of danger to marine life might call for inor-
, dinate use of limited water’ supplies. Here again, the goal of policy—

making is to find an acceptable balance between the competing values ‘

;';at steke in the policy decision. .

)

. Thomas Green formulated this central policy cdncept as 'optimality;".

"

and defined it thus: o ‘ A .
By optimality, I mean to refer to the best caﬁpositiOn of
conflicting goods so that the optimization of\&he whole
set may require something less than the’ maximiiﬁtion of
each in order to get the greatest amount of them: all in



fe

this way 18 an interesting notion. -There 1s a kind of
duality in its logic that may well msrk it off as unique,

On the one hand it has to do always with what can be

chosen, Therefore, it 1s always related to what is

possible. 'Optimal" means "feasible," - But on the other.
hand, even etymologically, "optimality" relates to what

is- best, A There is alway$ that normative aspect 'to 1its

logic. On the one hand, the concept'of optimality dea¥s
always with what 1s possible; but, ouv the other hand, it
touches on what is ideal, what is beaﬂ. (Green 1978, pp. 3—4)

] combination.f'The cong::t'df "optimality" underetood in

L)

{
If Green is right, and we believe that he is, the aim of policymaking is .
to achieve an optimal resolution of a policy’ jssue. But ,optimal resolu-
tions cannot be reached without joint particigation and deliberation by

conflicting parties in a controverted situatidn. Im one of the more\\/;v
comprehensive attempts to describe and anelyz the process of poldicy
deliberation for educators, the authors noted fthat participants in such
deliberation must learn to function at least in three distinguishable
moods (Raup, Benne, Smith, and Axtelle !943 an 1963), -. B
First, policymakers must function 1in the ptative mood, 'Ihis'ﬂeans

that tﬁey must p:ojeﬁt into the future and invent alternative ways of
handling the conflieting situgtion for wﬁich they ere seekingAan optimal
resolution. Whet is regquired is a kind of pradtical utopian thinking—-a
spelling out of their action intentions and. of their visions of what ié
_best for thelr situation.. Futurists of various sorts have emerged in
recent years (Boulding 1973). The kind of futu ist thinking we believe
students should learn is not a value-free extra olation of social or

' eeonomic trends'diseernible,in the present, but |rather®an exploration of
values that they are willing to support in deci ions about present and

" future issues. Such an exploration requires imposing personal or group
priorities on various conflicting values. 1t.is trne that the~he1p of
experts will be needed in projecting the values and disvalues which will
follow from various ways of utilizing available owiedge and technology.
This process involves the constrnction of various scenarios illustrating
"the future effects of adopting various ways of using knowledge and. tech~
'noldgy. In a democracy, the choice between competing scenarios must be

. made by citizens, not delegated to experts. (Fu urist thinking will be

I P
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discussed further in the next section on teaching methodology., )

Policymakers must also function in the indicative mood. They must

explore what actions are possible and feasible in any given situation.

A policy which prescri%es impossible or unfeasible actions 1is actually

no policy but akutopian dream. The utopian thinking we suggested earlier
must be practical utoplan thinking: optative visions of the future must

be tempered by indicative measures of what 1is possible and feasible at
present, Citizens must depend upon experts for judgments about the
possible and feasible uses of available scientific knowledge and technology,

Finally, policymakers must function in the imperative mood. - They
‘must ,choose from among alternative ways of acting which have been found
to 29 both desirable and feasible, and actively support the chosen alter-‘.
native. Making decisions 1s always risky, and risk cannot be eliminated
from policy decisions. However, decisions may include provisions for
evaluating the chosen policy as 1t is tried in action and a commitment to
-revise the policy in the light of these evaluations and of new knowledge
and experience. '

Several needs of citizens in policymaking have been identigied
The first such need is for access to relevant expertise, In developing
policies for managing social issues precipitated by innovations in sclence
and technology, access to the expertise of scientists and engineers 1s.
essential, and the expertise of others--economists, lawyers, politicians;-
is also often necessary. Scilentific and technological expertise 1s espec;
iallyluseful when citizens are functioning in the indicative mood--find~
ing out what courses of action are possible and feasible,

Citizens may also need the help of experts as they think optatively--
constructing scenarios of the future. (Actually, the invention of possible
futures requires a t¥pe of imaginative thinking more-often attributed to
sclence~fiction writers than to scientists and engineers.) However, cit-
izens should not delegate the invention of future scenarios to experts,
since it is the clarification of their own values which is being achieved
through gptative thinking. And we must also caution against the delegation
of final decisions (imperative thinking) to experts, since delegatirg
this authority robs citizens of their rights and responsibilities in a
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_demoeratic society. of c0urse; scientists and enéineers should partici-
pate in making final decisions in their role as citizens, ‘
The ability to think futuristically is an important aid to citizens
in policymaking. Policy choices are sometimes made with little or no
imaginative consideration/of_the consequenges for the hums; beings who_
Cowill be affected by them--their ‘health, prosperity, even survival. The
persons so affected may include not only those now alive but also those x '
who have notlyet been born. Choices made without such consideration run
a good chance of being inhumane~~even antihuman, in effect. Futuristic
thinking should help citizens imagine and feel the human consequences of
alternative ways of handling the powers inherent in science and technology.
A third aid to citisens in policymaking is the participation and
- counsel of relatively disinterested parties, People who have a sfr;ng
partisan interest in the outcome of a policy decision often”find it hard
to understand the viewpoints/gt their opponents, Yet without some degree
of communication and undersﬁending between opposing groups in a policy
conflict, an optimal resolu%ion to the conflict is.highly unlikely. The
‘participation of disinterested persons can help bridge the differances
between opﬁosiﬁg groups and thus facilitate the creation snd adoption of
an optimal poliéy. _
There are several important pitfalls in policymaking which citizen
participants, young and old, should learn to avoid. One such pitfall is
to view the policymaking situation as one 1n which conflicting persons
and groups are trying to reach a common belief about moral ultimates.
In a pluralistic soclety, groups differ éoncerning their basic moral
commitments, whether these are defined in terms of religious affiliation’
or of political ideology. These differences in moral commitment persist
.throughout many policy conflicts and decisions. ' When the desired policy
outcome 1s perceived as the adoption of a common belief, participants‘
feel threatened by opposition and criticism»and respond to each other
defensively., Conversely, when the desired ;elicy outcome is perceived
as a decision about what to;do in some specific controversial situation,
* -the threat to group and personal security is reduced and the chance of

open and constructive communication is enhanced., We do not mean to imply
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that moral beliefs do not affecé 4 person'yg qr group's 8tand on 4 policy
-issue——they often, perhaps always; do. .We meah,; rathers that if partici-
“.pants in pol1cymaking~can“recogni¢3‘a“d Tespect differefCes in each other,s
moral convictions and at the same time focy,g o practical and OPtimal ways
of handling a conflict situatien, the Chances of achieVing @ Tational policy
outcome will be enhanced, : ‘

Another pitfall, closely reldted to thé first descrlbed, 13 to polar-
1ze the policy conflict into a stTU88le betyeen the "good guys" and the -
"bad guys" (the other side), 1In %uch a 8itiatrion the fOCus of €nergy is
on winning a game rather than on deVising 5 go1ution that is- p°581b1e and
-feasible, one which optimizes tho%e Values yii.h best command the z11e- |
glance of all the parties involved: A P°1icy conflict 15 alvays j, same"
measure a power struggle. Opponents in a Polarized situation are go |
wrapped up in the power aspects of the °°nf11ct that as8éssment of ¢he ¥
merits and demerits of various proPosals.ig neglected; €Xchanges betWeen ‘
the conflicting parties is primarily directgqy toward enbancing the poyer
of one's one group and weakening.the Power of the opposit1°n' .One effect
of polarization in a conflict situdtion 1s ypa¢ the poteBtial contyibytions
of disinterested persons in mediating the .o fy1ic¢ are i8nored.

When policymakers fall victim tO one oy poeh of the Pitfalls already
discussed, a third and deeper pitfall may emerge: the dehumanization of
the policy conflict. The cénflicC then ‘ceageg to be a gale of Winping
and - losing anc¢ becomes a war to the death, o her o of the °°nflicting
groups cease to be human beings in the mindg of their opPOnents; they
become demons, undeserving of huma® rights, , Thelr supprésSsion, 1mpr180n—-
ment-~even death~-come to be seen 10t only a%s beyond mor2l censurg but
actually as admirable and rightful. That 411 parties in Such a styygoje
are dehumanized may not be apparent at the time, Those Who point out and
object to this dehumanization are 9een as "y, enemy" by Partisans j,
the struggle. 2 _ , | .

Thismkind of dehumanization ustally ocgc,rg in wars, but it is quite
possible in "peacetime" situations 3S well. rp. persecution of Witches
in 17th-century Salem and the McCarthy "witey punts" of, the 20th Century

are dramatic examples from American history, g goubt thOusands of
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' examples of such dehumanization occur locally throughout the United Sﬁhtes

T

. on a spaller scale. when the frustrations of unresolved policy conflicts )
'ﬁre attributed to the existence of some visibly "different" group, and

" when it is falsely believed that the elimination of this group would

"bring relief from the pains of frustration, '

The Holocaust in Nazi Germany, in which millions of Jews were
exterminated in the horrifying hope of attaining an Aryan: millenium.}
bears at least two important reminders for students of ‘policymaking.

The first is ‘that people who are frustrated by unresolved policy 18sues
can be led into deeply irrational and antihuman efforts to relieve
thelr frustrations, and that none of us is immune to irrational behavior

when the conditions are appropriate, The second. is that such demonic’

_movements can occur even in societies characterized by highly developed

science and technology. Jews in Wazil concentration camps were exter:
minated by the use of advanced technological methods. They were use‘»as
subjects in scientific research, For Jews had ceased tp be seen as
human beings b& their Nazi oppressors and by the functionaries who

worked under the direction of these oppressors.
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Methodg of.Teachin@éhbout Science and Social Policy .

A diacussion of teaching methods makes little sense without some
Vattention to' the learning outcomes which: the methods are designed to
produce. The authors have identified six geheral learning objectives 1in

’:che study of science and socialvpolicyt More—apecific objectives can
iiend should, of coqrse).he derived from these in designing particular
learnlng experiences. | |

1. Students ghould come to understand and appreciate rhat geientific
and technological dévelopments produce major effects in the:lives of people--
themSelves _and others. They should come to understand that these effects
are both good and bad, and that social policies are. required in order to
optimize the uses and minimize the abuses of the power inherent in scien-~
tific and technological developments. - .

) ‘2._ Students should come to understand and appreciate that ciéizen

"participation in policymaking is required if policies are to incorporate
a common, public interest and are nat to be o¥erinf1uenced by various
special interests~-~among them the special interests of sclentists and
technologists--as policy conflicts are resolved. Students should come to
recognize that, since scientific and technological research ia supported
largely by public funds, citizens have a valid claim to participation in
decisions about how these funds are to be spent.

3. Students should come to -understand the waylrin which laymen are
denendent on the knowledge and know-how of experts--scientists and.engineers,
among others-éin making valid and workable policies: ﬁnt students shoglaf
alsd come to recognize that policies involve moral and value judgments
about the_best ways of'controlling the human effects of science and tech-
nology. They should come to see that human value juogments cannot be
properly delegated to experts but must instead be. based on a wide sampling

. of citizen judgments. _ '
_ 4, Students should belencouraged to clarify their own values with
respect to the soclal issues raised by scientific and technological break‘ N
throughs, They should be encouraged to learn and use methods of clarifying |

thelr values anew as future sclentific and technological developments )
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precipitate fresh social issues for public debate,'discussion, and '

resolution. | ‘ r

, 5. .Students should learn effective ways of translating their valués

into participative action, These ways involve such complex skills as

(a) listening- to and dealing with people who hold different and opposing

views, (b) distinguishing between factual information and interpretations

of information (this is gsepecially important in using and learning from

experts), (c) using the resources of xperts without surrendering their -

own responsibility for choice, (d) e fectively presenting their views-

in public debate and discussion in varYous media. (e) negotiating cre-

» atively with persons and groups with conflicting viewpoints, and (£)
infiuencing decision ‘makers’, whether these be legislators, executives,

administrators, or pOWerful citizens. Such skills can be learned only

_.through experience in situations which require ir practice and through

reflection- pon and evaluation of the meaning of such eX ience.
- -6, Students Sﬂould develop commitments to exercise their rightsy
and responsibilities as citizens through participation in developing
social policies which ‘affect the future quality of their own lives and
“the lives of other people. Many citizens, are now blocked from parti-
cipation, not only because they: dack the understanding and. skills out-
'1ined above but also by feelings of powerlessness and alienation, by
lack of support from otliers in taking action, and by lack of available
" formats and forums‘for engaging in effective participation. Students
will no doubt bring such. feelings and doubts to the claSsroom 'Part‘
of Yhe task of teachers is to help them air these feelings, to deVelOpQ.. ;
peer support for taking action as citizens, to discover available formats -
‘Z of citizen participation which are not being used fully or.effectively,
and to encourage students to invent, test, and evaluate new patterns and

%

forums for citizen partic1pation Lo ) : ’

If these six learning objectives are aceepted-as_desirable (the
.authors readily admit that they are debatable53 we can appropriately
conSider methods for achieving them, However, we recognize that, as ™~
desirable as all of these learning obj?ctives may seem in theory, attempts

tb achieve some of them mav not be feasible in all school situations.
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Some objectives may call forvmethods which teachers do not feel confident
and comfortable about employing. In some cases communities, school systems,
" and schools may place limits on experimentation with novel methods of
liarning and teaching. NeVertheless,‘we believe that some of the learning
Adbéectives are achievable in nearly all school situations, and that some

- 'achievement i1s preferable to no teaching about sclence and social policy.

The discyssion of methods in this section is general, Specific. sug- '

- gestions for teaching and learning are included in Part II of this monograph,

Objectives 1-3: Reading, Writing, and Debate

The first three learning objectives may,. we believe, be attained by
more or less traditional teaching methods or by modifications of these..
The heart of traditional teaching methods is reading and discussion,
Discussion, for the authors, means exchanges between students as well as .
‘{nteractions .between teachers and students. Before assigning readings,
the teacher should help the students realize how the issue to be studied
presents itself in their own lives. If the issue to be studied has to do
with the effects of electronic technology, for example, students might be
asked to identify all of the ways in which electronic technology now
enters into their lives—--television, CB and other forms of radio, pocket
talculators, digital clocks and watches, computers, etc. They might be
asked to discuss what 1life would be like 1if this technology had never beeh
invented, if the knowledge behind the technology had never been discovered.
They could be asked to consider how 1ife might be better or worse without
these inventions, |

The reading assigned should reflect varied and conflicting views
about the issue being studied. Without varied and conflicting views,
there is nothing "live" to discuss. Some students may find one view “
acceptable; other students may be attracted to a different view. Teachers .’ Ad
should encourage such diversity of opinion because there 18 no one "righ;" h
answer to social issues which are still unsettled. However, teachers;
should expect students to learn to articulate the reasons and evidence 7
which lead them to favor one view over another and to understand views:

opposed to their own, ) pJ
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‘ Re;dings which showvthat experts‘disagree in their recomuendations
for resolving an issue provide opportunities fior studentS tO appreciate
both .the value and the limitations of expertise. They will find that
there .are- some "facts" on which _experts agree, but that differencea arise

- 1n the interpretations of that informationv Students will discover that
‘these differences arise froﬂ.the conflicting interests and valye orienta-
~ tions of the various experts. In identifying these 1nce§escs and value
ﬂorientations, students may come to identify their own interests and values
with respect the 1issue. ;ﬁt some point, the discussion 8hould focus
on how citizens--including the students themselves—--might bring their .
own opinions to bear in resolving the issue, whether through Voting for-
candidates with views similar to theirs, writing letters to their Trepre-
sentatives in Congress or other public officials, particiPating in
public hearings and demonstratlons, or trying to educate others about
the nature and importance of the issue.

Another traditional teaching method is that of assigning written
reports students. In writing reports, some students paY be inclined ‘
to afford uncritical acceptance to statements made byvpreStigious experta,
among them scientists and engineers. Other students may Show the oppo~
site behavior--they may reject the pronouncements of experts On principle

"and refuse to think about them seriously,

For some students, the very fact that people speak uith the voice
of authority~auﬁgnatically renders'tnem suspect. By and 18rg&, however,
the. kind of‘automatic challenge to authority that was prevalent in the
1960s : appears toihave declined. What teachers are more 1ikely to be faced
with today is. either total acceptance of expert opinion ﬂumbness and
apathy, or lack of trist 1n one's own judgment.

Thus, the kind of reports which we are suggesting should be assigned
to students would focus on how the conventional wisdom of . sclentific
experts has been overturned in the past. In each of the an{ts developed
in Part II, exampies of these reversals of expert opinion ar€ noted.
Teachers and students can discover and pursue others, The oblect, of
course, is to create~a degree of‘skepticism about matters im_which students

-

obviously have little or no background. The attitude to bPe €hcouraged




is a healthy skepticism toward statements’made by experts, The danger,

, of course, is that such an attitude may lead to cynicism or encourage the
automatic rejection of expert authority, ’identifying the line between
credulity and cynicism is a challenge to both teacher and students, If
this balance is ‘achieved, writing a report focused on the historic con- .
founding of "scientific'" predictions will be a healthy antidote to swallo;j\\l
ing whole the opinions of experts,

One example of such a report might focus on the impact of nuclear
power plants: Do they pose unacceptable hazards to present and future

populations, or are they in fact safer than other kinds of energy sources?

It is possible to quote eminent, respectable experts on both gides, with
the result, that the lay person 1s at times left breathless——looking back
an& forth between the pros and cons as 1if watching a tennis game, Yet,
whatever conclusions may be drawn, it is clear that some assertions made
shortly after nuclear energy was harnessed were later acknowledged to -
have been mistaken by nuclear scientists and engineers themselves., One °
important outcome&bf doing the research required to write such a report

48 that students will discover that even experts change their minds as
they acquire new knowledge and insights,

Other report topics might be taken from the field of medicine. For
example, the practice of performing cerebral lobotomies on seriously 111
mental patients--once thought by many experts to be the answer--has been
challenged and abandoned’ of course, this change in opinion was due 1in
part to the development of psychotropic drugs which alleviate extreme
anxiety or other symptoms of mental illness. Similarly, the history of
the drug industry is replete with examples of "wonder" drugs which were
produced, tested, and considered safe--but which eventually turned out
to be‘cancer—producing or otherwise dangerous to the mental and physical
health of persons ingesting them,

In writing reports about shifting fashions in expert recommendations,
students should be ercouraged to assume the honeaty-and good intentions
of those who were later proved to be mistaken. This 1s essential, lest

the students develop not only a chamber of "scientific'" horrors but also
. EH
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a rogue's gallery of "evil scientists'" who delibefately tried to mislead’
mankind. | .

Another teaching—leafning paradigm in an adaption of the debate

method, which almost all social studies classrooms have emle;EE as a
. learningiactivity. In a typical debate, studénts bone up onlzag\pﬁés
and cons of a given issue. '

Obviously, the teaching suggestions in Part II allow plenty of room
fdr taking pro and con positions, and it is often desirable to state
these explicitly in order to bring into focus the issues involved. How-
ever, one of the godls of teaching these units is to raise questions
about whether one or another extreme position, if adopt®d, would lead to
desirable social or public policy. * Thus we are suggestiné a change in
the traditional debate format. In our modification, the students in the
class who aré not assigned to ''pro" and '"con" teams are divided into ’
three listening groups. One of these groups is told to identify with the

 "pro" position and another with the "cons." Each of these groups is
instructed to listen to the arguments of its own side and judge whether
these arguments are persuasive. Each group is also asked to consider
what other.arguments could have been utilized by the protagonist team to
which it was assigned. The third group looks for a "middle" way~-~tries
to decide which arguments on both sides‘make sense and whether it is
possible to synthesize these arguments into a third, more acceptable,
position. ‘

The usual vote on who ''won'' the debate would not be functional in
this activity. Instead, in a discussion following the debate, each of
the reviewing groups reports its observations and conclu: ous. The two

"con'" team: will note

groups assigned to identify with the '"pro" and
which argumentsvappeared to be overstated, understated, or omitted. The
third listening group will report what integrative or coméromise position,
if any, they think may be more desirable than either extreme.

The learning goal here is obvious, 1In debates on ppblic policy
issues, a tendency toward polarization is inevitabfle, What we are-trying
to do is devise some means of inhibiting, or at least constraining,
polarization. In this way the debate might encourage an attitude of

critical detachment--obviocusly a requisite to making wise judgments
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about desirable social and public policies for controlling science and
technology. _ ’

- In advocating this classroom'strategy‘\we want to point out that it
is very unlikely that any student--or any teacher, for that matter--will °
be able to make a Solomon~like judgment that stills conflict ‘once and for

-all. Each of the issues dealt with in Part II will generate partisan

exptessions‘from students ihlthe course of discussion. Some issues will
be more affect-laden than others, For example, discussion of the biologr
1cal revoLution, with its controversial implications in terms of abortion
and genetic engineering, will at times provoke strong nonrational or irra-
‘tional feelings which get in the way of an objective assessment of the

pros and cons of the 1issue.

Objective 4: A Value Paradigm, Futures Invention

Achievement of the fourth objective requires less~traditional nethods
of teaching and learning, Traditional schooling did, of c¢ourse, attempt
to inculcate value orientations in students, and some of this inculcation
took place through open exhortation and indoctrination. Probably more
often, however, it took.place incidentally and often preconsciously through
the selection and slanting of cognitive materials in such subjects as
history and economics and through institutional.reward systems which
encouraged some student behaviors, at;irudes, andwchoiges_and discouraged
others, Decisions about what values shoﬁld be taught and learned were
made by adults--most often by those in the teaching profession, less often
by'parents and other interested persons, ,Students played little conscious
’part in the identification and development of their own values.

As various groups in our pluralistic society have become more self-
aware and vocally demanding, attempts by schools to inculcate cerrain
valﬁes at the expense of others have come under increasing attack and
criticism. This criticism has taken many-forms--demands by blacksvfor
the teaching of black history, demands by Christian fundamentalists for
the teaching of biblical "theories" of creation in plate of“or along with
theories of organic evolution, demands by patriotic organizations that
the emphasis on internationalism in teaching social studies be reduced.

One possible response by school people to legitimate criticisms




'
of this sort-~a reSponse which the authors regard as constructive—-is to j‘
find ways of helping students to become aware of their own value orientar
fions and to assume responsibility for the continuing development of
their own value systems, .Theﬁfouttnuobjective——"Students should be encour-
aged to clarify their own values with respect to social issues raised by
scientific, and tethnologicel breaktntoughs"——is in keeping with this .
educational response to the pluralism of group interests and value
orientations in contemporary societies. | -

It is not easy for students or for anyone else to develop an awareness
of the general beliefs that lie behind their specific choices and prefer-
ences. These views and beliefs are ordinarily assumed and taken for
granted. ' Yet no one can become responsible for the continuing development
of his or her views and beliefs unless these are lifted into consciousness. |,

There are several methods of value clarification now being employed
in educational settings, and*all have some merit. However, most of these,
have not been developed specifically to help students learn the discipline -
of responsible participatidn in policy decisions.

One paradigm which we recommend involves a value continuum with
respect to social change. We have identified five value positions:
no change; 2B, minimum change; 3, a middle position; 2C, moderagi chan
and 1C, maximum change. All five together make a continuum whi canf
utilized to help students choose those positions that best represent
their ownlviews. Of course, few of us have such well-articulated positions
that we can comfortably situate ourselves at one or anotheg point on
the ‘continuum. However, this difficulty can be used consttuctively to
counteract the tendency of some students to automaticall& pick a position
and then explain it by retroactively formnlating an ad-hoc value orienta-
tion. Experience with the value contimuum may also be used to raise
questions about whether most people really are fixed, or 9bn51stent in
their value orientations. (There are, of course, some ideologues so
fixed in their positions that they might deny the existence of any real

continuum, ). \
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No Change (1B). A person ‘who chooses this position might think about
the social effects of science and technology in the following way: We

'have had more than enough change as a result of scientific and technological
advances. It is difficult to see that peop1e are ‘any happier or better ° ’
. off. than they were in the pre—industrial/scientific era. The multiplicity
of personal amd family problems many of which stem from social upheavals ‘
due to technological changes, could have been avoided if so-called progresa
had been averted or at- least slowed down. Let us. spend our tax dollars
to reduce poverty, to ameliorate the conditions of our society's unfortu~-
* nate, What i1s the value of scientific discoveries which prolong life
when we thereby increase the burdeng on the livingb ﬂhy continue to
support science and technology in destroying the life-support systems

upon which human survival depends’
Minimum Change (2B). People in this position are willing to support

a certain amount of scientific and technological change and experimentation.

But they feel that society should be wary of encouraging such ventures as

genetic engineering or behavior modification, because we do not know where
these changes will take us--and the negative prospects are too frightening
" for us to take a chance, They believe that no scientific or technolegical
‘advance wirich will open up radically new and only partly comprehensible
frontiers’ gshould be supported by tax dollars. ﬂoweveru they are likely .
to support certain other scientific and technological research--for example,
efforts to find and use renewable sources of energy in view of the disap~

pearance of fossil fuel resources,

AU




Middle Position (3)., This p031tion might appear to be a fence-

sittfhg position, and to some degree it could be correctly characterized

as such. People who choose this position seek to avoid either extreme,

but they also hold some of the same views as people in Positions B2 and -

C2. Thus, people in this position are eclectics; they base their opinions
on\the merits of specific issues and on the desire to avoid dangerous polar-
izations. One might see this position as a middle-of-the~road position
which does not embodx/@igid ideological perspectives,

Mode;ate Change‘gzc)éilPeople in this position believe in the over~
all desirability of chahgef”but they are reluctant to give a blank check
to all scientific and technological proposals. Thus, they might support
genetic engineering if it were regulated by policies providing safeéuards
against hazards to public health and potential birth defects, but they
probably would resolutely oppoee cloning and gene-recombining experiments.
They would also tend to be guarded about further development of nuclear

power.

Maximum Change (1D), People in this position are opposed to ali
restrictions on scientific and technologicai progress, They beiieve ,
that the history of mankind proves that most of the world's population
benefits from scientific advances. To inhibit these advances would be
to restrict the possibility that all of the world's peoples could achieve
or surpass the standards of living achieved by the Western nations.

Even to suggest that scientifie and technologicg&l progress should be
controlled is perceived by many pe;ple in the Third yorld as a form of
racisﬁ, or at least as discrimination against those th got a later start
in the race than the older industriel societies, People who choose this
value position sometimes feel uneasiness about eugenic proposals which
might.lead to the creation of subhuman, nonhuman, or partiaily human forms,
believing that such developments might engender a new form of slavery.

On the whole, however, they are convinced that it would do more harm than
good to try to stop scientific experimentation and technological develop;
ment. ‘Moreover, they believe it is not possible to control all scientists
and engineers.‘ These people would advocate turning our efforts toward

avolding the untoward and unwelcome applications of scientific knowledge
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" rather than toward restraining scientific and technological advances,
Teachers might use this value psradigm to encourage students to
begin to tentatively align themselves with one position or another.

ﬁ Students should not be compelled to accept all five positions as tenable;
rather, they should be encouraged to discuss and debate them-~and, in so
doing, to add further dimensions to these value positions, which are only
sketchily developed here. Efforts should be made to prevent students from
developing hard-and-fast commitments to the value positions they initially
select. This paradigm may, of course, be used in studying any of the
issues discussed in Part II to identify an optimal social ‘policy for science.

. Remember that at some points along the way students should have an oppor-
tunity to review and revise their initially chosen value positions, The
flexibility of the paradigm should be utilized to the fullest. Both stu-
dents and. teachers should begin to recognize the consistencies, inconsis-
tenclies, and contradictions in their own value positions, It is important

N to discourage students from developing vélue positions which are rigid
or totalistic. y » ,
Another approach to value clarification'is the method known as futures
invention. Thinking in the optative mood, or prac :al utopian thinking,
was discussed earlier as part of the process of effective policymaking.
Futures invention 1s designed to involve citizens, young and old, in

‘th king about the future they wish to bring into being (Ziegler 1977;
Ziegler, Healy, and Ellsworth 1975). In futures invention people are
asked to envision various aspects of a future society.which they would
find desirable. For example, they might envision how they would wish to
see the resources of scientists and engineers emp?%yed in the year 2000,
This sort of envisioning is first done individually. Then, as participants
compare their various visions of the future,. they begin to become aware
of their own underlying preferences and value orientations, ‘

The method of futures invention, as developed by Ziegler and Healy,

was designed for use in developing Yeivic literacy" among adult citizens,

thus the original version may need to be adapted somewhat for students.

However, many of 1its components can be used approprilately in the classroom.

-




. Students may be asked to think through the risks and benefits implicit
in their visions of the future: What would be lost and what would be
gained if their visions were to becometreal? - What would they peréonally
gain and lose? What would other people gain and lose?

' Students could also be asked to write scenarios describing what might .
happen between new and the year 2000 to bring their visions into neing.

" This activity could take the form of writing a "history' of the future :
from the standpoint of a historian in the year 2000.

Finally, they might be asked to think about what action steps, if
any, they are prepared to take now to help transform their desired futures
into reality. This Step: of course, moves teaching and learning into
’the service of the sixth objective stated above--development of commit-
ments to citizen partjiciaption. ,

- The method of fiiures invention seems to the authors to be a viable
strategy for encouraging students to become aware of and to assume
responsibility for their own value orientations. This method is very much
in keeping with the pluralism of contemporary sotiety so long as the
right of students to opt for differing viewpoints and preferences is
respected. However, this method is more appropriate in teaching about

. some kinds of issues than others.

Objectiyes 5 and 6: Real and Simulated Practice

Achievement of the fifth objective--learning the skills required
for ¢itizen participation--depends on opportunities to practice these *
skills. The 1earn1ng of a skill is facilitated if action is followed by
analysis and evaluation, and analysis and evaluation are more fruitful
in producing learning if they are informed by data fed back to the per-
x former(s) by other participants and observers. ”
Skill practice can occur in real or simulated situations, Although
students may occasionally have a chance to participate in real situations
in which policymaking is actually under way, such opportunities are likely
to be relatively few. Teachers can greatly extend the range and scope
of skills practice by using simulations and role playing.
Before commenting further on the use of real and simulated practice

in citizenship s%ills, 1t night be useful to provide a brief Surve;nbf
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the formats in which citizens can 2nd do Par¢icipate in influencing déci*
sions dnkscience—impacted social 155U€S. The mogt familidr form of citiisn
participation is probably the act of voting, ., . p.r Gommon form is working
on the campaign preceding an election. During the campal®n, candiggteg
may be questioned about their stands\?n Various. controversial 1issugg apgd
urged to give attention to neglect%d but important areas. More d?amati—

cally, though not necessarily more effeCtil{ely, demonstrations are some-
times arranged in connection with the CamPajgn appearanceS of candigates
to draw attention to an issue with ¥hich the 4emonstratorS are Concerned.
Often such demonstrations are directed as my.p to the eye-of the TV camera
(and thus to the eyes of the viewing Public) .5 to the candidates,
Public polié&‘is also affected by Inflyences brought to bear o

elected officials bétween campaigns® These gorpats of influence are,

i

of course, extremely various., MembeTs Of Copngragcs may be lobbled by
special-interest groups. Messages T2Y be diyected to officials anq/or

to the public through letters to the editor, rv .nd radio Public-affaiyg
statements, and paid political adveft1Sing. (itizens may teStifY at public
hearings conducted by legislative committees ¢ by adminiStrative oy exec-
utive agencies. Officials may be 10bbled by 4 3iyidual citizens or by
delegations of citizens. Letters mdy be €Xpanded intoﬂpetitmns With many
signatures and directed to officials~~leglslacive or administrative,

It will be recalled that publi¢ POLICY y¢ ygually embodied in legis-
lation, in guidelines laid down by 2dminiskry.,rg charged With }eSDonsi—
bility for exeCutihg and enforcing the law, . 4 4p judicizl decisioyng
about the interpretation of the legiSlation, (y¢j,en influence may e
brought to bear through any of thesé Cﬁﬁnnels of policymaking and Policy
interpretation. " ;

When our distinction between ''social Policy" and "Public policy" is
recalled, other avenues of citizen attion beggpe evident-l Actlon by cop-
cerned citizens may be aimed at citiZeDS Othay than public officialg o
candidates for public office., Such 3ctjon Day be addressed -to the ganeral
public--to the raising of the level °f Public .gngciousness with Tespect
to one issue or another. The possible formatg for gych efforts Tange

. from small discussion groups to larg® Public poetings. Radio or teygyi-

¢
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~ sion programs may be directed toward proposing alternative actions
or pr0pagandizing for certain desired solutions. The former approach
‘often leads to more continuing involvement on the ‘part of the audience -

tHan’ does the latter. . ‘ o T

So’ far, this discussion of the available formats for citizén-
participation has depicted 'government," in one or another of its various °
manifestations, as the ultimately effective agent in controlling and
directing the uses of scientific and technological expertise. However,
as we stated earlier, industrial corporations are also major employers
of scientific and technological talent and subsidizers of ptrograms of
research and development. Can citizens influence the research-and-
development policies of industrial corporations, apart from legislative
or %overnment regulation? ‘ |

Citizens' influence on the policies of prjvate corporations may be
brought to bear through their roles of stockholders Or consumers. Stock-
‘holders meetings often produce nothing more than pro. forma ratification
of the policies recommended by company management. . However, 1if enough
stockholder opinion can be mobilired and organized, changes 1n ‘company
policy may be placed upon the agenda of such a meeting.

A hypothetical example may help to make this point clear: Suppose
a large oll company 1s spending almost all of 1its research—anu—development
budget on’the location of new sources of petroleum, the extraction of
petroleum from oil shale deposits, and the liquefaction of coal, -No

ignificant research-and-development program focused on solar‘energy is
under way. Stockholders who are committed to the wider development and
Iuse of renewahle energy sources might question the preéent R&D policy and
press for greater company inVestment‘in methods of generating and using
solar -energy. ]

Consumer’influence on the R&D policies of an industrial corpgration
that depends on high-volume sales may be exerted by a boycott of that
corporation's products until some more-optimal R&D policy (”optxmal”
from the consumers' viewpoint) comes into being. '

The very briefness of this survey of the passible formats for citizen

participation in influencing social and public policy illustrates how
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seldoﬁvthese formaté are utilized today by most citizens, One desirable
' outcame of the widespread study of science and social poli might be a
wider awareness and use of these available avenues for citfgen participa~
tion and a corresponding reduction of feelings of powerless s on the
. ‘pért\of citizens.’ Pragtiée by students in using at least some ofythese
formats might not only raise the level of their skills in citizen parti-~

cipation (Objective 5) but. a&fo lead to stronger commitments to become, *

active in citizen participation (ObJective 6).

We mentioned earlier that students can practice the skills of citizen
participation in either real or simulated situations. Although the oppor-
”i?tunity to practice’in real situations 1s likely to be limited for practical
reasons, -there is no reason why students should not, if they choose to do
so, translate the results of their hypothetical participation into recom-
mendations to relevant policymakers and‘policy administrators and to the
public. These recommendations might be articulated in 1etters to news-
papers and responsible public officials, in speeches at community meetings,
.or in testimony at public hearings. .

The range of possible simulated experiences in teaching and learning
about citizen participation is much wider. Students and teachers can plan,‘
carry out, and evaluate simulations of congressional hearings, stockholders'
meetings, lobbying efforts, court trials, interviews with expefs, and
demonstratiOns. An ind1vidual student might play~several different roles—-‘v
- for example, jury member, expert, member of Congress, an&'protester——in
a series of such simulations, It should be recalled that learning the
skills of citizen participation does not occur through one activity alone,
no matter howlemciting and involving that activity may be. Learning will
be optimized only 1* each activity, simulated or real, is followed’by
feedback from fellow.students and the teacher about the effects ‘and effec~
tiveness of whatever behavior was practiced. The goal of skill develop—
ment 1s to bring about greater congruence between the intentions and\the
effects of action. Such congruence can be attained only through combin-
ing intentional activity with responsible reflection on its consequences.

Another - use of role playing deserves special mention. This use-is
designed to convey some understanding of how persons on the "other side"

" v o
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view a controversial matter. It is’not difficult to construct such role-

playing situations, One way of doing 80 1s to compile written.atatements_

-representing Various arguments on ‘a given 1gssue and ask each student to

w

qu them to debate whatever side is opposed to the one he or she tends to.vj
personally advocate.. S R ;'ﬁhsfw ¥
The use of this method may lead to ‘some ticklish situations. For

L3

‘example, if the issue 1s abortion, a student who is convinced that tampering
with a fetus 1s sinful may be both unable and unwilling to argue for' any

other position. Or, 1if -the issue under consideration involves a current

political controversy, discussion ‘may become so heated that public passions

lmay need to cool before,students can confront the idsue in-a dispassionate

way. However, the practice of reversing roles in role’playing is important

in achieving not only specific learning goals, but also a broader objective'“’

that of creating citizens who are able to look dispassionately at issues
in which they have an interest and to consider these 1ssues with an under-

standing of and a respect for opposing views. ) i

S

In all activity-based learning, evaluation of how well the activity
served its intended purpose is an inherent and important part of the
learning process. Self-eyaluation plays its part, as students assess the

vays in which their present levels of knowledge andfskill are effective

‘and identify areas in which they need to become more effective. Feedback

in the form of observations by other students and the teacher help to

. . ¢
objectify each student's personal interpretations bt guccesses and failures.

‘This kind of evaiuation is important in achieving the learning outcomes

outlined in this section. ' ' , - ' _ -
Some educators believe that methods of grading which involve ranking

students by criteria which, are unrelated to the purposeful activitiea'in o

which-they are engaged may thwart»the kind of evaluationideggribed above.

* These educators fear that students may become more concerned about guess-

ing which thoughts, feelings, aspirations, and values the teacher considers

worthy of an "A" or "B" than about expressing their own thoughts, feelings,

aapirations, and values, Assuming responsibility for their choices and

behavior is essential 1f students are to grow into responsible citizens,

Perhaps unfortunately, however, teachers are often required to grade )

- .‘X
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students in ways which rank them in terms of achievement,

While we can offer no formula for resolving the value conflicts related
to the processes of grading students, we do know that it is important for
teachers to recognize ;pese conflicts and to deal with them responsibly,
Whatever grading policies are adopted, the“authors believe that teachers

cannot evade responsibility for sefting learning standards in the classroom,

‘ They must defend the right of students.to choose their own viewpoints with

respect to controverted innues, but they must also insist that students

accept responsibility for making clear their reasoning processes and for

.8upplying evidence in support of their chosen viewpoints, Finally, teachers

v’

must demand that sfudents try to understand the reasoning and evidence
behind opposingIViewpoints. The authors believe that neerly all students
will accept such. standards as just, though they might need some help in
eetting and maintaining themf

&
\.
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fﬁ UNIT 1: INTRODUCTION TO LEARNING ABOUT SCIENCE AND‘SOCIAL POLICY
'Ihis'second\major part of this monograph contains suggestions for
developing teaching/learning units around the social effects of break--

"‘throughs in .three argas of modern science and technology. nuclear -
energy, e1ectronic technology, and genetic engineering, How the power
inherent in technological developments in these fields: is used and directed
will have much to do with future patterns of living in out nation and in

. our world as well. ,

However, students will better appreclate the importance of d loping_
- wise social policies for controlling the uses of these specific technol-

. ogles 1f they have first grappled with a set of more. general questions,
bThese questions are designed to help students perceive science and tech~
nology as dynamic elements in contemporary social'changei As we emphasized
in Part I, scientific and technological developments not only have revolu~ °
tionized the conditions of contemporary living, they have precipitated
many ‘complex and controversial issues of social policy: Citizens must
depend on scientific and technological expertise in resolviag these issues,
even as they make decisions about how this expertise can best be utilized,

.. -controlled, and limited Before they can begin to consider policy issues
‘associated with specific scientific and technological breakthroughs,
'students need to-acquire a general understanding and appreciation of the

'"’relationships Jbetween science, technology, and soctety.

. Some background for developing an understanding of the role of science
and technology in contemporary soclety was presented in Section 2 of this
monograph;. How can teachers begin to involve students in_ the study of
these issues?

» ’Iﬂbéqction 3, some general methods for teaching about issues of
science and ‘social policy were suggested in connection with six suggested
learning objectives. Three of the»four»units in Part II descrihe learn-
ing activities which we consider especially appropriate for specific 1issue
areas, However, “these suggested activities do not begin to exhaust the
educational approaches which may be possible and useful in the study of

+

science and social policy, We hope that teachers will adapt the dctivities

f' e
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in.this ﬁonograph to fit th;ir particular situations and go on to invent
new and better activities. We also hope that, as étuéznta become involved
in policy thinkiﬁg about science and technology, bhgy will be invited to
participate in choosing and designing learning activities that fit thgir
own concerns and interests,

Q

The balance of this introductory unit in Part II is devoted to a
- description of teaching strategies designed to help students develop an

an understanding of some general issues related to science and social policy.
‘Because we expect that many teachers will not be using all of these units,

§
there ;s some repetition in the strategies suggested. However, we believe
that most of the strategles we have included are well suited to teaching
about any or all of these issues.
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. Suggested Learning Activities
‘1, Making an Inventory of Change. Most Americans understand in a

o
genetal way that many changes in our lives have come about as a.result of

the replacement of 0ld technologles and the addition of radically new
technologies, And they .understand, perhaps more- vaguely, that most major
changes 1in technology are ‘due to revolutionary additions to sclentific
knowledge. . But 1t 18 probably true that relatigply few Americans have
systematically assessed the pervasive influence of scientific and techno-
logical developments in altering the conditions and patterns of human
living. Wor have the considered what is good and bad about these chanjes
. or thought seriously Zbout how the "goods" can be optimized and the "bads"
"minimized in the future. .
A good way to begin involving students in such assessments is to
Aengage them in making an inventory of recent changes in patterns of'human :
living. Although some of these changes have occurred within their own
life spans, many high school students tend to take them for granted To
get some perspective on these changes, students may enlist the help of
two. kinds of informants (1) older people who have experienced sevelal _
decades of adaptation to social changes and’ (2) persons whose vocational
roles are heavily impacted by technology ané science.

Older citizens may be invited to the classroom to be interviewed, or
students may, after preparation, interview such people in their homes and
bring their interview data back to the classroom for compilation and ‘
analysis, The interview suhjects might be asked to respond to five
questions: (1) What are the most dramatic changes which have occurred
in patterns of human living in your lifetime?, (2) How, 1if at all, have
theée changes been influenced by the invention of new machines, appliances,
ways of communication and transportation, drugs, materials, etc.?, (3),

;What do you consider bad and good ahout the changes that have taken place?,
(4) .How much control have you had over these changes in the patterns of
your life?, and (5) If if were possible, would'you prefer going back to',:[
conditions of life that were less dominated by technology? Or do you
prefer living in today's world° T :




Z .

As students compile the data from these integviews and reflect on

_ their meaning, théy will begin to develop mental‘pictures of the human
effects of technological innovations. They will iearn which of these
ef ks are Judged to be bad and which are percef?ed as good by people.
‘who have experienced them, and they will get some”idea of how much control
citizens feel they have over changes in the patterns Bt“fheir lives, In

- order to achieve a better awareness of the scientific devélopments that
1ie behind the technoiogical innovations identified as influential by

", their informants, students might invite 3 science teacher into the s

' claserOm. a . - .

The 8 cond set of 1nformants might inclgde a doctor, a farmer, a
factorY’exEcutive, a labor-union leader, and 2 building contractor;. th
exact composition of the 1list would depend on the community in which.tZ
school 1is located. Like the older'citizens, these informants might bel
invited to the classroom Or interviewed at their places of work, Each of
these informants might be asked to respond to the followiﬁg questions.

‘(1) What specific changes have technological innovations made 1 your

. WOrk in recent years?, .(2) Which of these changes do you believ to be

| good and which do you perceive as bad’ (3) How much control di ypu have
over the introduction of these changes’“ and (4) As you look aheads ‘which
scientific and technological changes now on the horizon do you look for-
ward to? Which ones disturb you, and why? A4s students compile and analyze
the data from these interviews they will enhance their awareness of the
effects, good and bad, of technological innovations from .the viewpoint of
producers of goods and services.

' Such efforts by students will not ordinarily meet the requirements

of social research with respect to sample size and construction, and
stugggts should be cautioned against overgeneralizing on the basis of .
their ‘findings., Nevertheless, this'kina of activity;can zg
in helping students unjh

} very useful

erstand the human effects of technology.

2, Looking at the Future Through Science Fiction. Students may be

. helped to ‘take a "futuristic' look at science and society by reading a
work of science fiction which pictures both changes in technology and

changes in social patterns and organization, (See "Recommended Readings"




| , . : -
for this unit.) A science-fiction film might be used to kick off a dis~
cuaaign‘of the fictiona%afuture p&esented in the film, In what ways is’
this future desirable o; undesirable’ ‘How plausible 1s 1it? _1
. Each studént might°be asked to write an essay about what citizéns of
the soclety described in the: ég‘ence fiction might have done 50 years
earlier to optimize the "goods" and minimize the "bads" depicted 'in the.
story. As atudents share thelir essays, they may begin with the help of
the ggacher to identify, several possible scenarios for citizen partici-a

pation in the control of science and- technology.

3., Simulating a Trial of "Science and "Technology " To dramatize
the positive and negative effects of. scientific.and,technological "progteaa "
_students might simulate a jury trial.t In' this trial, "Science" and "Tech-

nology'" are the defendants, and the p;osecutor repreaents the plaintiffs,

the citizens of the United States,_ the trial 1s to be a fruitful

learning experience, several dayd'éhould be allocated for casting and f"."
preparation, conducting’ the !rial, and analyziﬂgfand evaluating the learn- 3'~f
ing experience afterward. '

The simulation will require: students to be cast in a number of roles:

the prosecuting attorney, two or more plaintiffs, the attorney for the

1"

", defense of "Scienge," one or more "scientists,"

the ‘attorney for the

" 1"

defense of "Technology," one or more "engineers, the judge, and the. jury.
(The purpose of trying "Science" and "Technologyﬂ separately 1s to clarify
the distinctions between basic and applied science and engineering.)
Although the parts may be‘assigned on a volunteer baeia, thezteacher ahonld

explain tudents who volunteer to play the roles of the plaintiffs

and thelr attgrney should have gome serious doubts about'the.human effects”
of modern scilence and,technology. Similarly, the students who act the
parts of the defendants and their attorney.should,believe ﬁhat,.on the
whole, sciende and technology have had beneficial effects on}society.
The "judge" and "jury" should have genuinely open minds about the social

- costs and benefits of modern science and technology. If the value contin—:v
uum with respect to science, technology, and social change presented 1in
Section 3 has been used with the class prior to the mock trial, the value

positions of many students will have already been identified.

t’J
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Students-mmy prepare for the trial in Subgroups. The plaintiffs
and their attorney will work up a case for the condemnation of "Science

. and "Tochnology," formulating questions to be’ put tq'the defendants as '

they- take Ehe witness stand ‘Izhz ‘;‘Science defendants and their attorney
+.will work

" be asked by the prosecuting .attorney. The "Technology" defendants and
their attorney will plan their defense. The jury- and judge may try to ‘

p their defense, trying,ta anticipate the questions- that will

]

list the good and bad effects of science and technology on people's lives,‘
being careful _not to make up their minds before the trial, The teacher

, should work with the" judge beforehand on rules of procedure ‘for the trial,

. During the simulated trial the plaintiffs &@nd defendants will be
questioned by attorneys,(and the attorneys will bhen make their pfeas to
the jury. The Judge will sum up the pros and cons of the case against
Science and the case against Technology. After deliberation, the jury

éf will rendér its verdict and the judge will pronounce sentence, (The

D
]

'L authors predict that in most simulations, the jury will fail to reach a.
- verdict--a result that probably,reflects the actual case with U.S.:citi-

C e

zens today.j;' . o : JEE
In-the\anelZ:is and evaluation of the simulated trial. all partiCi-,
_-pants should be couraged to talk freely’aboutvvhat they learned through

:, the experience.

4," Ass_gninggPriorities toiﬁébearch and Develdpment. One of the

~ issues presented by Brooks, as quoted in Sectionﬁg of this monograph,
" has to do with the priorities which should guide the allocation of govern-

mental subsidies to scientific,and technological research and development.

-After describing_the;heavyfconcentration of government expenditures in

efforts related to weapons research and development, Brooks pointed to

other areas where research and development efforts are badly needed--

""for the alleviation of poverty on a global basis,’for better management

and protection of the world's resources with minimum detriment to economic
development for the achievement of greater social justice, for the more
reasonable allocation of the biosphere toward sustaining a decent human
life for all people" (Brooks 1978),

Brooks's list of areas now neglected in government-subsidized programs

]
1
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- of research -and deVelOpment, perhaps modified fit the VOcabulary of ‘
high school students, might be posted in the claqgroom along with a list .
of the kinds of research ndw heavily subsidized-—for example, aerospacs, ‘

- health, military, and energy, Students -discuss and debate which areaSnof %f
research and development should receive the largest subsidies and which'
should receivé 1ittle or no _support. Each student sHbuld be encouraged
to develop an individual ranking ana to give reasons 'for his or her prior-
ities. Students might also be asked to disFuss how government priorities (S
in_employing ﬁcientific and engineering talent might be changed.

) An alternative way of engaging students in serious deliberation
about government priorities in subsidizing research and development

would be to ask them- tq debate the ﬁbllowihg questionS' "Should the fed-
eral government have spent billions of dollars in putting‘men on the moon?
If not, what ‘Gther prOgrams of research and -development should~have been h:i

v‘supported instead”" Students -should be reminded that space research not _4?%
only put men on 'the" moon, it also yielded new knowledge about various '
kinds of non-space-related sclence and technology.' The debate format
described in Section 3 may be employed with one. groupjpf students listen-
ing to the opposing arguments in an ‘attempt to find waﬁ% of integrating

. and optimizing the pro and con positiOns. ' ”

Students should be encouraged, on a voluntary basis, to translate the

- results of their study of sclence and technology into . social action, As
we have already pointsd out, such action may take many forms~-letters to
neWspapers and to members of the Congress, speeches at school assembly
programs, partic1pation in public meetings or demonstrations. No student
should ever be pressured to act against his or her own value orientation
except 1n the make-believe of rolejplaying, and whg;ever value positions

and actions,emerge from these activities shquld be.accepted and respected.

VI
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¢ . 6/ Recommended. Readings

. r J

. ,

The following readings are recommended for teachers and stydents in
addition to Section 2 of this monograph, parts of which may bé\dﬁplicated
for_claasroom use, . (For information about locating or ordering publica-
tions ﬁith’ED:numbers, see page 129.) |

{

‘Relationships getween Science. Technology, and Societx, ’ "i‘ v '
Ve _

Bernal J.D. Science in History, 4 vols. Cambridge, Mass,: Massachuseéts
Institute of Technolqu Press, 1965. '

v

. Bernal's work 1s different from most histories of science in that
»° 1t emphasizes both the influence of .social and political develop-
ments on science and technology and the influence of sciemtific
and tecbnological developments on the processes of social and
'politicﬂl history. - This scholarly work is written from a Marxist
orientation. Volume 3 which deals with modern developments in
\clscience and technology, is especially recommended.

ey

Znaniecki, Florian. The Social Role of the Man of Knowledge., New York:
},ﬂ'Columbia University Press, 1940, - ;

Znaniecki offers a readable account of the different uses which
‘vartous socleties and their rulers have /made of the expertise of
men and women with special knowledge. (His book puts into histor-
ical perspective the dependence of contemporary citizens and
policymakers on the expertise of scientists and technologists.

Current I%sues in Science Policy and Relations Between Scientists .and
4 the Public

"Science and the Public: The Changing Ref//ionship., Daedalus 103,
no. 3 (Summer 1974) : :

[

This issue of the Journal of the American Academy of Arts and
Sciences provides an assessment of the attitudes of the Amer—
, ican public toward science and technology. In particular, 'counter-
- culture' and;"established culture" positions toward science and
technology, as these developed through the 1960s, are explored

"Limits of Scientific Inquiry. Daedalus 107, no, 2 (Spring 1978).

This 1ssue is devoted to a study of arguments about the adequacy of
self-regulation by scientists and to an exploration of the possi-
bilities for citizen participation in determining the directions

b of scientific research, Some authors distinguish sharply between
social control of technologv and social control of science.

62




i
o
N Y

B

‘Ethical Issues in the Utilization of Scientific Knowledge

~'Zaltman, Gerald, ed. Processes and’Phenomena of Social Change. New
‘York: *John Wiley & Sons, 1973.

: Eapecially recommended in this book is the c¢hapter "Ethical
Issues in Socidl Intervention" by Warwick and Kelman. These
authors aBtempt to clarify the ethical issues inVolved in
applying scientific knowledge agd technological know-how in

" such areas as the control of population growth.

- Nawsletter on Science, Technology and Human Values.

-

“This periodical, published four times a year, is recommended to
teachers as a continuing sourcq of materials on the value and
policy quegtions raised by current developments in science and
techn . Useful 1istings of new publications are also -
included, To order one.or more copies, Write to Aikman Com-
putation Laboratory 232, Harvard University, Cambridge, ,
Mass. 02138. ’ o

o

// Futuristics in Teaching and LearningAAbout Science and Social Policy [

?uturistics- Secondary Education 1M Social Studies. Honoﬁulu Office: - ﬁ
,u,,

oﬁ Instructional Services, Hawaii Department of Education, 1941.. ED 054 OOI.Hf
This pubkication offers a series of simply written edsays oq:w ”?.-d i
ways 'in which the future of mankind may be affected by develdp- it

ments in sclence and technology. The authors outline the’ choices R
now. confronting men and women as they face the prospect of N
1iving ‘in a radically changing social and physical environment.
Suggestions for classroom use of the readings are included.

*Hollister: Bernard'C;, and ‘Deane C. Iﬁompson. Grokking&the,Future Science
Flctlon in the €lassroom. Dayton, Ohib: Pflaum/Standard; 1973: ED 084 554.

This sprightly book was written with two objectives in mind.
to demonstrate how science fiction can be used to- generate neu‘}
insights into current social issues and to help students become
more creative in their: thinking about the future. Among the
books discussed which seem especially useful for this unit are
two classical novels, Edward Bellamy's Looking Backward (Hendricks
House, 1946) and Samuel Butler's Erewhon (Penguin, 1974), and
" two contemporary novels, Isaac Asimov's The Caves of Steel
(Fawcett, 1976) and Frederik Pohl's The Best of C.M. Kornbluth
(Ballantine, 1977). .
o , /
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UNIT 2: THE PAST, PRESENT, AND' FUTURE OF NUCLEAR ENERGY

Scientific Background‘.'

The scientific observations which led eventually to. the release of
_f;?the vast energles bd%ﬁd up within the atoms-of material substancep occurred
“within the lifetimes of men and women alive today. In 1895 Wilhelm ROent-'
gen, a German physi!ist, produced and identified the x ray, a penetrating
- form of radiation with a wave length much shorter than that of light rays.,
K'In the following year Henri Becquerel, a. French physicist, wondered whether ‘
there were not X rays as well as light rays in the radiation given off
by fluorescent substances—-substances which emit radiation after exposure
to sunlight. To his’ surprise, he found that a’ uran‘.ﬁ compound gave off .
radiation COhstantly even when 1t had not been exposed to the light of
the sun. g ) ' .
Marie Curie, a Polish-French scientist, discovered that ‘most compounds
of uranium and those of another' heavy metal, thorium, giv% off radiation
7cease1essly, ;ﬂe called this phenomenon radioactivity. For our purpOSe,
,};athe most significant characteristic of natural radioactivity 1s ‘that it
'involvea the disintegration of atoms—edlehentary particles which once were ‘e
thought to be indivisible and lacking in internal structure. This pro-
*hicess/of disintegration, 1t was found, involves three types of radiation:
! falpha particles, which are high—speed ionized hflium atoms, beta particles,
' which are high—speed electrons, and gamma rays, a form of electromagnetic
':adiation similar to X rays. .
In addition to the disintegration of atoms, natural radioactivity _
involves the transmutation of one chemical element into another element,ﬁa}fj.
a change which is accompanied by the release of radiant energy. Such
_transmutation of elements had been one of the’ dreams of the early alche-
mists, who had tried to transmute base metals, such as lead into expen—
' sive and highly valued elements. The methods -of - the alchemists were
magicaﬁ' verbal, and unsuccessful-~very different from the methods of
: todayas_scientistar who depend on experimental manipulation and detailed
and refined observations and measurements.u”lt was the scientists who

mapped the radioac€ive,series for the transmutation of such unstable,
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elamants as uraniun and thoriun through various intermediate products to
a stable element, lead. Scientists have "also measured the half-life of
each radioactive element--the time required for half of {ts atoms to dis—
integrate. These half-lives vary . £rom 4,5 billion years gf‘a fraction of
a ‘second, Knowlédge about the half-lives of radioactive elements has-made
it possible to estimate more closely the ages of Earth and various kfnds
of geologica? phenomena, The fact that some radioactive elements have
- Very lggg half—lﬁves has cyeated some vexing practical problams related ‘
to the disposal of various kinds of radioactive wastes. f ) \'“'
As American and European physicists bombarded various substances with
the nations from natural radioactivity and observed the disintegration

prod 8 released by the’ bombardments, they diBCovered that atoms embody

" two; distinguishable components. One part ‘18 very difficult for neutrona

\_./
to penetrate. This part is very small compared to the total’ volume of

~the atom; it is positively charged; and it accounts for nearly all ‘of the

mass of the ‘tom. This part is called the nucleus of the atom. The outer
part of the atom, which is much larger but which has a much lower mass,
is filled with orbiting electrOns, the arrangement of wWhich can be mapped. A
In 1919 Ernest Rutherford, a physicist who worked in: England and Af”
Canada, produced the first artificial nuclear disintegration by bombarding
nitrogen with’ alpha particles to produce oxygen and protons (the nuclei
‘-of hydrogen).« Similar experiments produced,a'new raddation first thought
to be a ‘gamma ray but later (in 1932) identified'by g:E James Chadwick as
a neutron--an uncharged particle with the mass of a proton,.

{’ The discovery that radioactivity could be artificially induced paved

: ;he wgy for a new science——nuclear physics~~within the older disciplines

”ofiﬁkyaies pd physical chemistry. This new science was international in

scope, asglﬁE*ﬁames of a few of its sploneers attest, and it deve10ped through

s‘(_.‘,

&t
the free exchange of findings, 4ideas, and theories across national boun-

y *daries. Before the rise of Nazism in Germany and the outbreak of World

' War II the notions that mass could be converted into enexgy. and that,’fw

vast amounts of potential energy were bound up in the nuclei oﬁ&atoms were
£
generally aqcepted by scilentists. I

One of the authors of this monograph recalls that when he taught

!
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high school chemistry in the early 1930s, he and his studente calculated
, how many,times the potential nuclear energy in a glass of water, 1f 1t
could be releaeed in a usable way,_could drive. the-Queen Mary back and -
forth across the Atlantic between Southhampton and New York. ' The formula
for this calculation came from Albert Einstein 8 famous theory of relativ- A
: ity.z This theory was based on a formula representing the relationship
between mass and energy E = Mcz In this formula, "E“ represents energy
-(in ergs), "M" represents mass. (in grams), and " stands for the speed
-of. light (in centimetérs per second% " When the energy that could be -
released by one gram of uranium (if {t were to break down ‘completely in -
its radioacfive decay to lead) is compared to the energy released by,
- be 420 000 times as great. I :_tzn R ‘, “f q
Although nuclear physicists knew as early as 1939 that nuclear fis-

¥
burning one gram of gasoline, the. energy yielded by ursnium is found to

- sion c0uld producé%energy in vast quantities, they knew of no practical
way of tapping this gqurce of energy. In fact, Rutherford, one of. the
great pioneers of nuclear scienceg once stated that the practical exploita—
tion and use of nuclear energy was an idle dream. Rutherford. died in l937.~
During World War II practical political needs, especially military
needs, contributed greatly to ‘the acceleration of developments in nuclear
science and engineering in the United States. ER I Ny ! »
Leo Szilard was a nuclear physicist born in. Hungary, who had come ‘

“a

to America as a refugee from Nazism. Along with two,other Hungarian—born

- physicists, Edward Teller and Eugene Wigner, Szilard attempted to persuade_“
President Franklin D. Roosevelt and his advisers lb invest in ghg&ﬂévelop— -

ment of a bomb based on nuclear fJSSJOn-‘the splitting: oY an atomic nucleus;‘

These nuclear scientists were motivated to promote American develop—

ment of a fission bomb by the not-unjustified fear that German scientists

were working on developing a nuclear device for use by the Nazis. Knowing.a

the destructive capability of such a device, they were afraid that ‘such
an achievement might convert Adolf Hitler's dream of world domination into
a horrifying reality. ‘ . N

Albert Einstein, though he'vas‘reluctant.to donso because of his -

pacifism, lent his great prestige to the project by wgiting a letter of

N S

o /

7
A

v
I
[



. ’, ’ : R R ' Co
P PRI ' Y 4
v . . RN W ‘-,4 Rt )

recommendation to the president.- The efforts of Szilard and his colleagues
were successful: President Roosevelt signedﬁthe executive order launching
the Manhattan Projeet on December 6, 1941§fthe;day before the Japanese |
attack aon Pearl Harbor. 4 o

The full story of the monumental efforts by nuclear scientists,

. engineers, and technidians to overcome the practical difficulties which -
Rutherford had thought to be inSuperable cannot be told in a few pages.
Howexer, a few highlights of this effort are worth noting, since.they have
some?bearing on'stil&&unsolved social issues surrounding nuclear energy.

) By ‘the summer_of 1941 it was known that the nuclei of one isotope of
uranium, U235, were more fissionable than those of the more abundant iso-
tope U238. (Isotopes are variant forms of an element with the same atomic
nnmber,-represeﬁ?ing the positive charge in the nucleus, but with different
atomic weights. For example, the uranium isotope U235 has an atomic weight
of- 235; U238 has an atomic weight of 238. ' Both have an atomic number“of
92.) It was al'so known that bombardment of U238 with neutroms produced'*

a new element with an atomic number .0of 94 and a mass of 239. This new
- element, plutonium, >ehaved much like U235 in its ﬁission properties.j
Since both U235 and plutonium’ were considered capable of producing
fission‘B‘mbs, the Manhattan Project had two major goals in addition to
the manufacture of the bomb itself: separating out the more-fissionable
U235sand concentrating it in an enriched—uranium fﬁil

. The fis31on process 1is essentially a chain reaction ‘the neutrons
released by the splitting of a few uranium atoms go on to split still
‘more uranium atoms in a continuous and self—sustaining spiral of nuclear
disiptegration and energy release. ~ Because of the presence of U238, plu-~
tonium is created as a by-product. In order to preven: an explosion, this ,

chain reaction ‘had to- be controlled

he first self—sustaining chain reaction was achieved under the foot—

™.

J,University of Chicago in -early December of 1942 in a
“*je weighing 1,400 tons, of whicH'SZ tons were uranium.
rliconsisted of layers of uranium;gﬁranium oxide, and graphite.
‘phslcontrolled by inBerting rods ogfcadmiUm through;holes in
he reactor. (Cadmium is a metal that has the capacity to
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ahsorb?large numbers of neutrons.) .This first nuclear reactor was con-
structed under the ‘supervision of Enrico Fermi, a nuclear scientisty in
exile from fascist Italy. ' _
.Meanwhile,vthe.practical difficulties'involyed in encasing and
delivering the nuclear bomb were being overcome. * By 1945, sufficient
uranium isotopes and plutonium had been produced to constréct three
,fiséion bombs,  On July 16 of that year, a plutonium bomb .was exploded
dn- a New Mexico test. On’ August 6, a uranium bomb was detonated by the

U.S. Alr Force over the Japanese cf%y of Hiroshima, and on August 9 .a
second plutonium bomb was detonated over Nagasaki, . i
With these events, the inhabitants of Earth moved into a new period

of history. The awesome effects of these bombs~~and of the- much—more-pdwer—

ful bombs which have gince been developed--have graphically demonstrated

that man now possesses the scientific knowledge and technological know-
"how to destroy all forms of life as we know it. The destructive potential

of such bombs 1s not due entirely nor even primarily to the shoeck and

fire storm produced by the initial explosion, more insidious are the _

effects of the linge¥ing radiation produced. The long-range effects of

heightened levels of‘radiation are thought to cause not only cancér but..

also genetic mutations which could conceivably make monsters of the off~

spring of humans and other speclies, John Hersey s book Hiroshima (1946)
- provides eloquent documentation of the human effects of the nuclear
xexplosion over that 1ll-fated city. : )

. An even greater release of nuclear energy can be produced by the

fusion of lighter atoms 1hto heavier atoms (for example, hydrogen into
helium). This fusion process 1s the source -f the sun's energy. In
spite of the opposition of many sclentists the U,S, Atomic Energy
Commission authorized work on such a thermonuclear-device, and in 1952 .
the first H-bomb was exploded near the Marsha&l IslandS. This bomb had
the force of 50 million tons of TNT, whereas thé’ force of the fission - N
bomb that was,exploded over Hiroshima was equivhlent to that of 20.000
tons of TNT. At present, nuclear fusion has only military significance.

Efforts to harnéss its energy for peacetime uggs have so 'far been

va‘v
" “unsuccessful, ' .
.q‘-.
;‘q _;a ’
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A Risk/Benefit Analysis of Nuclear Energy

-

The.risks and benefits of nuclear energy can be dealt with nost
gintelligently if the discussion is'divided between military uses.and.
&peacetime uses, difficult as it‘may be to make and naintain this distinc-

tion., . '{ ’ » - K /

4

| MiIitary Uses

The military advantages which possegsion of nuclear bombs ga to the
United States vis-a—vis other nations was short—lived Within théfdecade

,following Hiroshima, the Soviet Union had built and tested ‘both fission

. bombs and fusion H-bombs, Fission bombs are now 1in the arsenals of Great

Britain, France, India,\and the People s Republie of China. The basic

et
W

fence on which nucleaf  Weaponry . is based is known to. scientists in all
“nat ons, Only technolp kal and figancial difficulg es stand 1. the way
AV any nation——or aﬁ; terfqtist group-<that wishes‘tg.manufacture a -

’, / .»yfr««'

. nuclea5 bombﬁf uvsi .
.““The use’ of somn weapons is inhibited when’ military leaders recognize
- A2 J~»:‘\..,

that their-ééptrgctive effects will not be limited to “the people and
property ogy"thig?nemy" but are almost certain to backfire,.visiting

- destruction upon one's own people and property as well, Such is the case
with nuclear bombs. No nation can "win" a nuclear yar. All nations

- would lose in such a conflict. At stake in any large¥scale nuclear war‘
is the very survival of people on Earth, Both the United States and the

Soviet Union now have more than: enough nuclear devices stockpiled to

annihilate each other many times over, and it is 'doubtful that the peoples

of neutral nations could survive the radiation effects of ‘a nuclear war,

Eash major power, has lavished billions of dollars (or rubles) on the

ldevelopment of systems for delivering nuclear warheads to the population

" and industrial centers of ti ‘ther. No fail-safe detection and defense

systems against nuclear attack have been‘ developed, and perhaps such

gystems will never be feasible. So our primary ''protection" depends on

an ominous balance of terror. o oy

Some pollcymakers %n America argue todayﬁthat nuclear weapons. research
I :

.
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and development should continue, so that the balance of terror is not

'tipped to the other side's advantage, And no doubt some policymakers in

¢

the U.S.S.R. make the same argument. .

Other pol‘cymakers believe that there 1is no Safety_or security for
mankind in the present-balance of terror, They ‘fear that the very
existence of a nuclear arsenal puts mankind in jeopardy because of the
_always~present danger that an accidental or impulsive action by a single .
individual could unleash a nuclear war, They believe that the safety
and security-of mankind can only be achieved through the total dis-

mantling of nuclear weaponry by all nations and an international pact to:

l..ting the.number-and destru- 2 capabilities of the nuclear weaponsL

possessed by'any one nation, agreements that would 1limit the range of
: A . .0
delivery systems, :

It 1s generally agreed that effective control of nuclear weaponry
awaits the development of more open, trustful, and cooperative relations gl
between nations. Some Deople béelieve that working to improve international
relations is the most realistic approach to abolishing the threat of
nucleat extinction. "

It is probabkﬁﬁfair to say that 1t is impossible to do a risk/benefit
analysis of nuclear!weaponry. Its negative effects are so inimical to
\, human good that the only effective control of 1its production and use’ isb'“
prohibition. However, since nuclear military capabllities are now possessed
by several nhtions, any effective system of prohibition must be interna-
tional in character. Rational men and women all over the world may wish
that the genie of quclear weaponry had never g§¥n let out of its bottle.

But this is an idle- wish the genie is among ‘'us, The differept stratégies
Sketched abovi represent varying views of how modernvman dan best cope:

with an ominous reality. o s, -

4
=%

Peacetime Useg

_When the 1ssue 1s the development of nonmilitary applications of

nuclear energy, . risk/benefit analysis becomes possible. Perhaps the
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'best known——and most controversial——of these applications 1s the-nuclear
reactor which produces electrical power for commercial use. However,
there are other uses and benefits of nuclear energy that are not 8o widely
known &9 |

The use of knowledge about/the half-lives of radioactive isotopes in
-dating past events has already Hhen mentioned. Tracer elements. like
radioactive carbon, when compounded into organic molecules, enable sclen-
tists to better understand such physiologic processes as the assimilation
and metabolism of fats. Nuclear power has been used to drive shipg and
submarines. Radioactive cobalt has been used in the treatment of cancer.,
The 1rradiation of foods can contribute to thelr .preservation. | |

The growing reliance on nuclear reactors as an important component
of our national energy system is due in part .to the failure of our supplies
of petroleum and natural ,gas to meet ever—rising demands for energy. Iheg.
fact that we are rapidly using up our limited deposits of fossil fuel f
'cOmpounds the need to develop alternative sources of energy. Electricity

Tvproduced by nuclear power plgnts now f10ws into homes ‘and industries,

'throughout our country. This is an undoubted benefit. However, propopgls

to build more nuclear reactors to meet a greater percentage of our e

needs hﬁve stimulated public concern about their actual and alleged daﬂgqrs'

."\‘
S

to the safety and health of both people who work with the rgactors and
people who live in the vicinity. One such danger would be that a,malfunc—
.tion in the reactor or in its cooling system might release radioactive
materials to the environment. Another risk often cited by those opposed
‘to nuclear’'power is that such materials as plutonium and enriFhed uranium

might fall into the hands of criminals and political terroris g who could
concelvably use them to manufaéture weapons. o

One source of opposition to the expanded use of nuclear energy comes
from persons who are committed to achieving“a more "natural,'" less "arti- 4
factual' way of life. These people urge that we channel our;research
efforts into the development of naturally renewable sources of energy——
water and wind power, geothermal power,. and solar power. (Such sources

of energy are ''renewable' in the sense tﬂ:t they draw upon continuing

- natural phenomena--falling water, blowing wind, steam from beneath the



_eérth's crust,'and the\radiation of the shn.) ,
l Those who support the construction and use of new nuclear generators
point to the encouraging safety records of nuclear reactors already con-
structed and in operation. They are convinced of the adequacy of the
standards of safety and security established by the Nuclear Regulatory
Commission and of the provisions for maintaining and énfércing these

standards. Nuclear’proponents argue that society needs to find and use

_sources of energy to replace our dwindling supplies of petfoleum natural v

gas, and fossil fuels, and they doubt that solar power and wind power
will ever be realistic alternatives. .
' The adequacy of ex1sting standards for permissible radiation levels,
from a public health point of view "is - still in dispute. Soientlsts,
laymen, and various government agencies are in disagreement on this issue;
Other unresolved questionsbare related to the disposal, transportation,
storage, and decontamination of the ragioactfve wastes produced by the
operation of nuclear reactors, Since such materials will remain danger-
oue to living organisms for many thouﬁﬁnds ‘of years, selecting the best
plan from among the various strategles that have been proposed is a
critically important policy’decisionh

The future of nuclear energy in the United States is dependent in
large part on decisions about how our energy research—and—development
dollars should be allocated. Every citizen has a legitimate stake in

these decisions.
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Suggested Learning Activities

3 T o

v e

lyiaitarz Uses e : R %’

;Ihe authors- h;lieve that citizens need to be reminded of the human

g effects of nuclear explosions, even though we have a natural tendeacy

to avoid thinkino of these effects because of zhe!r gruesomeness.iwlf
citizens are not reminded of the awful consequences .f the use of nuclear
weapons, they may cease to work toward ensuring that such weapcns will
never again be. used against human beings, as they were 1n Japan.

1. RoIe—Playing,a Survivor. To better appreciate the personal

impact of a nuclear explosgon, students might be asked, after reading
Hersey's Hiroshima or other accounts of the bombing of that city in 1945,
to imagine that they are survivors of a nuclear attack, In that role,
they might be asked to &i;te letters to officials of the country that
had’ launched the attack, escribing their thoughts and feelings. These
‘letters might then be shared and discussed with other members of the
class.

2, Debating the Past. On a hore cognitive level, students might

organize a debate, using the modified paradigm-of debate described in
Section 3, on the following question. "Should the United States have
ldropped nuclear bombs on Hiroshima and Nagasaki in 1945?"
'3, Debating the Future. To turn their thinking toward future arms

policy, students might debate the following question, agalin using the
policy-oriented fogmat for debate: '"Should the United “States take the
lead in forswearing use of nuclear weaponry and in dismantling her nuclear
arsenal?'" After the debate, students might be encouraged to write a
_letter to the president stating their opinions. (This should be a volun=-
tary activity.) )

- Peacetime Uses

4. Reporting Personal Concerns. To personaliie the health and

safety 1ssues 1nvolved in the building and use of nuclear reactors, after

hearing and discussing some ofgthe pros and cons‘studentS, either indi-
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' viduallj'ot in small groups, might be askea to ﬁrite’reports representing
their responses to one or both of the following \questions:

a. If fou were offered a good jo¥ in an electric generating -
plant using nuC}ear reactors, what would you think about in
deciding whether to accept it? How would you probably decide now?
Why? .

b. If you were asked to join a peaceful demonstration against
the building of a nuclear-generating plant in your locality, what
would you think about in deciding whether to participate? How ..
would you probably decide now? Why? _

If available, "experts' with definite pro and'con vieWS'ebout'tne
expanded use of nuclear energy might be invited to the classroom to
comment on the student reports as these are discussed by the class, Or

students might interview such experts prior to completing their reports.

5. Applyingﬁa Value Continuum, The value contimuum presented in .
Section 3 may be applied Specifically to the issue of nuclear energy. ~;f“
An extreme negative position might be to ban all research and development A
in the nuclear field., A less-extreme negative position might bé to ba -
allﬁgesearch and development work on nuclear. Weaponry ‘and nuclear power
generation but to permit strictly controlled research on radioactive
isotopes and other nuclear aids to medical diagnosis and treatment, A
moderate position might be to ban or limit research on nuclear weaponry
but support research and development on peacetime uses of nuclear energy
under adequate safety controls, An extreme positive position might be
to support unfettere& research and development on nuclear science andl
technology, provided that’reasonable safety precautions are observed.
This continuum can be used to help students locate their initial value .

orientations with respect to the further development of nuclear science

and technology.

6. Sizing up the "Experts'". FErnest Rutherford, one of the pioneers

in nuclear science, predicted less than 50 years ago that the energy boiund
‘”up in anms would never be. released for practical use. Of eburse, this
prédiction was disconfirmed by the Manhattan Project and its éftermath.

By
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After.Hiroshima the mass media were flooded with predictions, both opti-
mistic and pessimistic, -about the future of nuclear energy. Students
might be asked to study newspaper files and popular magazines published .
between 1946 and 1950 to collect 'expert" predictions about the uses of
nuclear energy and’to report to the class on which ones have been con~
‘firmed or disconfirmed by subsequent events. (The aim of this activity
is, of course,;to encourage a healthy skepticism about the pronouncements

of experts.) -

7. 'Creating Scenarios of the Future. Discussions about whether‘or

not to expand the peacetime uses of nuclear energy often become intertwined
with another far-reaching policy issue: growth versus no-growth. This
issue 1s also related to the value orientations toward human dependence on
science and@kechnology described in Section 3. v

Those who wish to reducedour dependence on science and technology
often oppose the expanded use of nuclear technology as well. Accepting

a no~-growth orientation toward economic production, they are willing to

accept a less-affluent standard of living which would mean.not only less

money with whith to buy artifacts and gadgets but also less involvement
in the competitive struggle for income and affluence.

Those who perceive improved and expanded uses of science and“technology
as leading to a way out of poverty and drudgery for poor people, both in
technologically underdeveloped countries and in our nation, often favor
a pro-growth orientation. Thus, many black leaders and labor leaders in

oar~n\tion and many political leaders in underdeveloped countries favor

/the expanded use of nuclear energy. These people tend to see those who

/

advocate a no-growth orientation and who put "environmental quality
above "expanded production' as trying to maintain the present ineq%?table
distribution of wealth and power. A - \”?b
Students might be asked to imagine two scenarios for the future: one
scenario would involve dramatically expanded uses of nuclear energy; the -
other would prohibit the use of nuclear fuel. In each*case,‘studenégﬂ;
should consider who would lose and who would gain——jobs, income, health,
safety, a livable environment, a satisfying way of life. As these sce-

narios are developed and discussed, students might be asked to think about
{
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how, 1if AqLall, theirugttitudes toward peacetime uses of nuclear energy,

‘ -
have been changed.

8. Debating,Our'Energy Priorities, Many??ontroversies related to )
nuclear energy involve differént views about.hou~government doller'for
energy research and development should be allocated. Often, such argu-
ments are focused on the relative emphasis that should be placed on L
renewable and ‘nonrenewable sources of energy., Clearly, nuclear 'energy ‘
1s a nonrenewable source because supplies of uranium are limited. (The
case might be different if fusion resetors are ever developed, since -
"heavy water" is relatively abundant.) On the other hand, energy gener—
ated from wood'and cellulose (as in alcohol fuels),“from'wind and tides
and falling water, and from trapped sunlight is renewable,

Students might be asked to organize a polity—orientea debate around
pros'and:cons'of future dependence. on nuclear energy as opposed to renew-
able energy sources. This debate should include attention Eo currgnt
priorities in our national energy research-and-development policies,
Students need access to conflicting "expert' opinions about the feasi-
bility of depending primarily on renewable sources of energy. These con-

"flicting op nions might be made available through readings, through
assigning students to interview advocates of various positiqps, or through
inviting experts into the classroom.

At the conclusion of this study, some students might want to write:

to their congressmen or senators about desirable directions:for a national

energy policy.

g



. ) Recommended Readings i

»

In addition to the first two sections of this unit, which may be dup-

‘1icated for classroom use, the“followiﬁg‘readings are recommended. (For

A ) : .
" "fnformation about locating or ordering documents with ED numbers, see
page 129.)

- . .

Scientific Background

Armstrong, David. !Thermal Pollution: Background Material for a Mock

TlTrial." Environmental Law Reporter, February, 1977, pp. 27-30.

‘The author of this article has.adapted an actual New Jersey
court case “for instructional use. (The plaintiff is the.state
D°pavtment of Environmental Protection, the defendant is the ;
Jersey Central Power and Light Company. The heated water from
.. a nuclear power plant has killed about a half-million menhaden,
;" a commercially important fish.) Briefings for the students who
w111l play the-roles of plaintiff and defendant are included.

~Asimov, Isaac. Understanding Ph951cs.~ Vol. 3, The Electron, the Proton
and. the Neutron. New York: New American Library, 1966.

This is a readable account, wrdtten for intelligent laymen, of
investigations "into atomic structure and their principal find-
ings. Teachers and advanced students will be able to read this
material easily, ‘and. average students should be able to handle
the section dealing with -the release of nuclear energy.

@ontroversies Related to the_Development of Nuclear Power "

Commoner, Barry. The Closing Circle: Nature, Man and Technologg} New
York: Knopf, 1971. X ' ) ‘

Commoner offers an excellent discussion of the impact of modern
‘technology on the environment of human beings. and other living
' things. While the whole range of technology is dealt with, the
author gives special attention to the effects of nuclear energy ’
on the environment. This 'book can be read with understanding
. by nearly all high school students

The Env1ronmental and Ecologlcal Forum, 1970-71, Washington, D.C.: U.S.
Atomic Energy Commission, n.d.~ED 070 649. - -

-This publication contains 12 papers on the environmental effects
of the nuclear generation of electricity. The focus of most
papers is on the radiation effects. Order from the National

¢
- .
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Technical Information Service, U.S. Department of ComqerCe,
Springfteld, Va. 22151 (publicatign no. . },5857, $3.00).

>
hed

; 'caL Power Gener-v“

D- 099 200,

These daterials, prepared by .n-interdiscipl nary

» of educa-~ yoe
tors, physicistsy and environmental scientistd., _an@lyze the risks 7-ﬂ?"
and benefits of several forms of energy production in a fo Ta

. that can be used for both science and social studies instruction.
A glossary of tetms is '{ncluded.

Tanner Thomas. 'Teaabing About the Nuclear Power Controversy by Simula-

tion. Social Education, November/December 1976, pp. 588 ~89.
This article describes a simulation by high school students of
a congressional hearing on.the budget for. the federal Energy - '
Research and Development Administration (now the U.S. Department '
of Energy), .during which decisions are peing made about’ alloca—-t'
tion of funds to the development of nuclear ang’other forms of

: energy. The article contains good references to arguments' '

supporting and oppgsing nuclear energy alternatives—-solar,
geothermal, and wind.

o

‘The Humin Effects of Nuclear Warfare ' ' . g

John Hersey's Hiroshima (New York: Knopf, 1946) has already been

recommended for "humanizing' the tragilc experienee at Hirqsﬁgga’;, e

Other useful materials which can be used to stimulate‘studﬁﬁt9ab’:

and Schuster, Touchstone Books, 1976), Michihiko Hachiya s leOSh:
(University of North Carolina Press, 1955), and Jonathan Harris"oi(iroﬂsh'
: . T . ‘

/
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UNIT 3: ELECTRON]?C TECHNOLOGY AND THE "I‘NFORMATION REVOLUTION" }

SPNEE SI

1 - Scientific Backgrqund - ? ‘f_ﬁf_"f:.;

\ \\.r\ PR

Some commentators on modern life belieVe that the ‘most basic changes

resulting frbm recent scientific and echnqlegical advances are due, ot

to.the release of nuclear energy or,K: breﬁkthroughs in engineering, but
rather to develOpments in electronic technology. We now" find ourselves

- immersed in an ongoing "information revolution,' and we are only beginning'
to learn how to swim, .

r It is impossible to deny that. ways -of collecting, storing, retrieving,
processing, and transmitting information have" undergone drastic changesv
during the past generation or so.- Microphones and tape recorders, radio
and television, photoelectric cells and ele%tronically programmed micro—
wave ovens, communiCation .satellites and computers-~the mention of any of
these reminds us of the revolutionary changes which electronic technology
has brought to our private and public lives, And such developments con-
tinue. TNew"iartifacts become obsolete in a few short years--FM radioi
supersedes.AM radio, color supersedes black—and-whiteﬂgelevision,itape
cartridges supersede phonograph records, faster and smaller comguters’
with more-capacious memor;dg supersede models which’ were billed as

"ad¥anced" only a few yeaxrs ago.

software' side have contributed to the

4 j,Whatever developments on the
"information revolution (to borrow from' computer jargon), advances on
the "hardware" side are rooted in discoveries in the science and tech-
nology of electronics. The study of electronics is, of course, a part‘
of 'the larger field of electrical studies. In the unit on nuclear energy
we emplained that the atoms of all elementary %sbstances, in addition to -
theilr relatively massive positive nuclei, contain outer shells of orhit—
ing electrons--tiny, negatively charged particles. Electrical phenomena

" involve the movement of electrons from one suhétance and;placejto another
substance and place. | ‘
Early studies of electricity were concerned with ways of ‘generating ’
a flow of electrons, whether through chemical action (as in batteries)
or through the_mechanical movement of conductors‘of electricity through

n

f, ) oC
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;a magnetic fie&dﬁ-powered by falling water, moving aiﬁ burning fuels, or,
more recently, nucléar reactors. It was recognized early that metallic

substances—-for etample, copper and tungsten—-were excellent conductors of

electricity. Scientists explain this fact today by noting that in the
s ,

’
e
M

atoms. of metallic elements the outer shell of electrons is relatively
incomplete, containing only a few electrons. These outer electrons aresk
free to moveifrom atom to atom in an electric field just as water runs 8
downhill in a gravitation field. In the atoms and molecules of nonmetal-
lic substances--for example, sulphur, mica, glass, or rubber--the outer
shells of electrons are more nearly complete., The electrons are not free .
to move from atom to atom or from molecule to molecule. Such substances
are 'known as insulators or nonconductors. _ |

Electric energy can be transmitted from places where it is generated
, to places where it is put to work through an arrangement consisting of conduc-
"tors (usually in the form of metallic wireg\pr cables) and insulators (to )
prevent or reduce the dissipation and loss of energy to the ground  or the
surrounding atmosphere) One great advantage of electric energy 1is its
ability to be transmitted and readily converted into other forms of energy--
into mechanical energy, through motors; into light anergy, through lamps,' -
and into heat energy, through stoves and ovens. For many years the focus '

of development in electrical technology was on finding more-efficient

methgds of generating, controlling, transmitting; and using the flow of

BN S through - conducting metals.
#»n electronics, the primary focus is still on the movement and flow
of electrons and on putting ‘the controlled flow to work in various ways.
But' it is the flow of electrons through vacuums, gases, and semiconductors
which has,heen the subjecthof electronic investigations: » ]
A convenient place tg begin a brief history of electronic science and
technology is with a discovery by Thomas A. Edison, one of America's most
ingenious inventors, in 1883. Edison fqund "that when one filament in a
vacuum tube was heated, a flow of electric current was induced in another
unconnected filament in the same vacuun‘tube.'The explanation for this
phenomenon is that as electrons flow from the heated filament through the

vacuum, some are captured By the cool filament and flow through the latter.”

<

o
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F%i!onic that Edison--w was essentially a te Ca
ractical posaibilitiea in his only contri- .}.p}'

hnologist, not a

* ocicntilt--did not see the

bution tp the basic science of electronics. ‘ cﬁb . .
A "In 1904 Sir John Fleming, an énglish physicist," perfected ‘the” (diode ”_

vacuum tube with 'its two elements-—the filament (heated element). and the '~

receiving plate. Wheri, in 1907 Lee DeForest inserted a grid circuit :

“J'ilament dnd plate of a diode tube, the heart of a syﬁiem for

(wire}ess) transmigsion of #lectronic signals was complete,
Pt

: erest's 43 called a tziode, since it. contains three’ elements. -

* The thir fement is a device for translating sounds into distinctive
patterﬁa In whe form of pulsating electronic curreénts. When this pat-
terned‘flow is introduced into the grid of a vacuum tube, it may be

reproduced in ampiified form in the plate current, Ihe.pattern of pulp
""can be transmitted ih the form of radio waves from a transmitter and ~

reconverted into sound waves in a receiver, agdin winh the aid of vacuum ;,

-

' tubea. ’ ) : o '”
For several years, DeForest " ] triode vacuum tub? was at the center
" of developing ¢lectronic technology. Of course, the triode was improved
and refined’ additional grid circuits\were_introduced into the vacuum
' tube, the’ size of the tube was redgfed, and its efficiency was increased.
* The versatility of\the vacuum tube, as it ‘was used in ‘the circuitry of
- radio transmitters and receivers and in early computers, was due to its

/
abiﬁi%f to rectify (change alternating current into direct current),

Jamplify, modulate, switclf, and control electronic signals.

‘ “The invention of iconoscope by: Vliadimir Zworykin, a Russian—born
f%ngineer working in erica, paved the’ way for the development of - tele—._'

| vision. The iconoscope included a“device for scanning lighted objects '.~.§,
and converting the scanned images into electronic currents. rThis pattern \%
of signals could be transmitted in the form of radiation (using a band °
of the spectrum of Herzian waves which was different in wave léngth and-
frequency from that used in radio transmissions) to receivers which "
reconverted the radiation first into’ electrical pulses and. then. into
images pro&fcted on a. specially treated screen. In early television, -
'vacuum tubes) interconnected in complexakircuits were easential elements

-~

in bdth transmitters and receivers. _- o S Tl
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% A@hrld War II gave strong.impetus to developments in electronic tech-
.‘!I‘ 5

nology in a number of ways, Radar: sets which emitted radiation and received
eﬁ?*interpreted "echoes" from solid objects in'the vicinity of the trans-

mitter wsre developed to detect and anticipate enemy air and surface attacks.

] »is now»an important aid in the navigation of planes and surface
ihips and to traffic‘policemen in measuring the speed of moving gttomobiles )
Methods of wireless transmission of messages were improved leading to
such devicea as the teleprinter and long-distance facsimile reproducers
of pictures, maps, and diagrams. Computers were developed to control the

. aiming and firing of guns, automatically calculating the effects of such .

o factors as the speed and direction of wind and" moving targets more accur-

: ately and quickly than human gunners could do. ’

b " The year 1948 witnessed a momentous breakthrough in electronic tech- )

nology ‘when the transistor was invented in Bell Laboratories.;
tion turned the attention of electronic technologists from mﬁﬁhging and
controlling the flow of electrons through vacuums and gases, as in- ‘elec-
t#én tubes, to electron flow in semiconductors of electricity.
Behind the development of the transistor were years of research by
fcéphysicisés metallurgists, and crystallegraphers into the various struc—
turéq‘characterizing matter in its solid state and- into the properties
displayed by these. structures. It was sclentific. knowledge of the _proper-
ties of impure crystals of elements liﬁe silicon which led to tg: inven—

tion of the transistor.,‘

‘2 S -
1A simple example will make this point clear/ Ciach atom of silicon
has four elecggons in its outer shell When s of silicon unite to

form silicon crystals, the atoms arrange themselves so0 that each atom*
shares eight electrons in 1its outer shell. Since" eight electrons consti—
‘tute a stable shell, .a- pure cry%ta ilicon a onductor . of elec-
.:tricity._ However, tf an atom of ars ic is subs i{uiz:cfor an atom of

silicon in’a crystal, its electr

~_properties are changed, because each
atom of arsehic has five electr ns in i\s\zuter shell, - Suﬁp an impure -

crystal, which has an extra ‘_ctron that

8 free to mov‘tand to be moved

about, is called a negative, or N, crystdls, - a “boron akom is sﬁ%stituted

J N - . - g-
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.the boron atom has only three g‘l-ectrons in 1ts outer shell tm

Qﬁtal An effect =‘produ es an
"hole.". Ifsa P crystal and an N crystal are united, a P—N junction is

es;nce,

. of a bgion atom in a siliconé; ‘ronie -

R

formed. When such a junction is placed in an electrica’pzircuit, it acts
as a rectifier: electrons can flow only from N to P and not the other '
. way _aroun“d‘. When two P-N junctions are placed back to back, a transistor
is'formed. A transistor has all the capabilitias’of a diode vacuum tube.
.Crystals may be made to fungtion as triodes and as resistors and capacitors
.(electron—storing devices&;as well. 'In this way, tiny cr?stals——which N
‘don’ t#have to heat up in order to functiqn, a8 vacuuf tubes must—-Can _
replXGe bulky ai@,siaw-reacting vacuum tubes in: various:electronic devices,

from raﬂio and

*g?%%ﬁ'ion transmitters .and receivers to computers.'“f~:

}‘

‘:d&p&The Wtend in-e ectronic technology since 1948, when semiconductors

% ,
' and’ !blid—state circuitry began to replace vacuum tubes and soldered—wire

s.been toward miniaturization. "Smaller and smaller devices t .
-arger and bulkier devices. This trend has also affected -
prices. A calculator which cost $390 00. in 1971 retailed. for $10 95 in

1978, and the: cheaggrfmodel is said to be mérer sophisticated" than ‘the

have replace

earl¥er version (Tlme 1978) "Without miniaturizagion,tthe wide array
ofqelectron“c étvices now offered for sale aa,consumer itéms-—ppcket
radios #nd calculators, digital watches, and miniteleyision sete~

'not be available at all, let- alone at relg@vely low prices.r

' Minia:urization has been\aided by lavishly financed:rese ch and

? fev ldpment activities, particularly fﬁ the nited Stateé j;pan, Great
'Bri:}an, and West Germany. Some of this gesﬁzzch\has focused on the

improvement f electronic circuits <;$he)51d circuits, which were made

'ections of vacuum té%es and

fby: soldering metal wifes to the external

other. erectronic elements, were initiakly Maced by circuits. printed
- . on cards.’ More recently, in so—called”iﬁg?grate?’systems, the circuits
‘are imprinted directly, by etchfng or lithography, on théﬁ%ilicon chips

which have replaced vacuum tubes 1n many electronic devices?"\€;m ters

~

—" ecan be.p rammed tc manufacture these tiny, intriéE?g‘circuits se
in new € puters oar other ele’ic devices, ) o : o ~
Thevelectronic computer\\ erhaps the most awesome artifact of the .

S B AN




5 mtion revoluti,on. ".The computer might b% thought ofg,as a mutation
Fhe ccntuties-ldng evolut:lon of machine% l‘aeaigned to make arithmet:lc :

ﬂlations more ra dly and accurately than hmman hands and brains.

"ASuch mchimea date gack to- the Chiueae abacus « In modern Europe,. a Scot,
" 8ir John Napier,, invﬁnted a mechanical calculating device in the 17th cen-
tury. ‘The line of e %tiOn goesd 'through Leibniz in Germany and Pascal An
France. (Napie%s 4be \ lcnowne,.aa a mathematician, Leibniz as a mathematical
%Philosapher, and Paacal as a mathematician and theologian ) Perhapa the
MO8t ingenious of tﬁe ‘ln chpfiical calculators was the Analytical Machine,
which ‘was :l,nvented by ‘an nglishman, Charles Babbage, in 1835. This machine
- incorporated in embryonﬁ 'form, manyn of the features of. contemporary elec-—'
tron:lc computera--progrannning, branching, looping, arithmaic and memory
storage unita, ‘and automatic printout of Tesults. Babbage 8 work’ waa_ I‘pat ® :

unt:ll' 1937, | ’ Y I oo

e ”Jusz as- the deve]eo?ment of ' oaYculat nyolved cp“llaborative efforts
R LT 38
~betyeen the disci&:linep‘nif-

science and engineering,

“and "hardware -gides. ‘}'he ,softyare si \ily on Ppplived math-v

ematics and- logic, the’ hgtdwar& side

“Bli¥ 'a and . knowledge related:
to mechanics and mechanical engineering and, mog;:e recently, electrmcs . @*{‘

.1:

and electron\ic eg;ineering.“L Thus, igt?erdisciplinary cbllaborationml-nas
» @
played & ‘large pgrt in the evolution of t mod.ern cOmyter. e

On t,hevhardware si e, Hollerm:’]a¢ who worked Hith the U.,S. Cenga.\s in
t‘he late 19“th century,. 1ntroduced electromechanical senabl:s into a mechan-
ical calculator which LRed information stored on ched cards. The r—/

mation, collected by the U.S. Census of 1890 was processed by such a~d vice.,

o
=

In 1911 Hollerith along with others, founded International Business
Machines (IBM), noQ\ a gilant multinational corporatidn which has beco e

- almgst synonymous in the popular mind’with computer research develepment ,/ ,

Q

‘After Aiken constructed and used the now-famous Mark T computer at . ) \
- . .

Harvard University %n' the late 19308, the’ evolution of the eI’ectronic s

computer proceeded with amazing rapidigy. Ecke.rt and Marchl] bo:i of -
the University of Penngylvania, developed the first @A—purpose, 1-

. . . , xv. { * - . . d o o
- ¢ .
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electronic digixal computer, ENIAC in 1946. Von Neuman, who had. been

associated with the construction of ENIAC, publighed his def!!%tive work

“on the mathematical logic of the digital computer in 1947.” '
Although it 1is. impossible to deal with all the ibmplexities of ‘com-+

puter software or hardware in this brief hfgforical summation %ﬁ ew

"hunderlying concepts can be outlined in simp%ified form -The baei¥ o'
" the modern computer is a theory of algebraic logic developed by Boole,
_ A
a GermaB/logician, ig\the late I9th

entury In poole 8 algebra, logical

operations were ‘reduced to a series’ yes on nb“ decisions. (For

example, is the objbct a man or not®
V

‘American7 If American, is he Nort b A \

,\is he American or, not-
. : not—North Amerﬁn?)&i .
Boole 8- algebra could be applied to verbsvuor numeral symbdis

. Today's digi¢al computers employ Boole—s logigaby medns - of'a number
system that uses only two digits 0 and 1, Theése digits, which can be

|"used to represent an infinite variety of "yes or no" decilions, .are matched

S
in electronic circuits with devices which can, in effect, say "electron

flow or no electron flow We' have already noted that vacuum tubes, P=N 7 5
!
junctions, and transistors in eleatrical circuitsvcan perform this 'yes

v

or no" function. The capacity to say.''no, Ak "and, " and "or" can be built
into electronic circuitry Complex ahd sophisticated‘ﬂystems of logical
- and . mathematidal operations can be built dﬁ(}heﬁbasically primitive concepts
of "no," "andg,]' and "or." Another« icind of computer, the analog comput@

is often uled in conjunction iuh a digita& computer in some.kinds of

J‘* ’
2

computer simulations ' S Py

_-{' ,‘ While early calculators\could d%brate only with arithmetic symbols\

I; Eis 1nput and/or
’ il A 1

(numbers), modern computers can operate logically and mathemafically
upon adﬁpinfo ation, so lOng as it is provided in symbolized form.

-----

Information theory, a semimdthemat.atl set of idﬁas which have

i
r\develbped %long with computer science, neetyes of ato?s &f infOrmation

..a8 bits. These bﬂ%s\h;n be comb1ned in mewy ngslﬁp fo

complex bodies:

of information. A ¢ ute

This :7£6?mation is known 3¢ )in :
may be  given to the cdpputer to perform various kinds of opdtations on

-
-
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in supplementary storage to which it has access. This set of commands is
known as a‘brogram. Computer programmersﬂuse one of sevéral artificial
languages to translate commands froonrdinary language into computer lan-
guage; As the comput ?gcomplies with the commands in its program, it
'“processes the informatfbh involved into the desired results, known as out-
put. A computer's'output can be displayed in various forms--as a printout
.  (on paper), in microform (transparent‘film), as pictures and text on a
television screen, or’ as spoken words. Qutput can be transmitted as
radiant energy for thousands of milLs and displayed on a television séreen’
in a monitoring station. Thus, during manned space flights, technicians -
at the mission-control center in Houston were able to receive continuous
Vcompu;er information about the spacecraft and about the physical condition
:of the astronauts—-their pulse rates, blood pressures, and body tempera—

,:tures-—to supplgment voi&e communicaggon.'

1dered wires.y These developments hav 'produced computers of ever— '/T: :
‘Ecreasiﬁg size and ever-increasing spked and sophistication. Aiken's Mark I
computer at Harvard built around vacu tubes, filied a good—sized room.

The ENIAC computer contained some 18,000 vacuum tubes. Today, computers

ter memories and processagg speed now occupy only a few

LT

% OF i formation f0or computer scanning
:;essing takes ‘many forms-—among them,,multitrack magnetic tapes,
= )

8,.\ d di , The contents of a ﬁﬂgye book can be stored on a reel f"'h
« AA compute R properly programmed, can’ Eiead"‘ ’i-le bOOk in+a ﬁ?égwgg ,.

'Su\plementary storage.

’
ized in. the future by computer tec ‘ology. /

<

‘Two developments in compute teclhinology deserve special ment because

of thet®: significant implicatio 8 for both individual human be ngs and
whole societies. Th r8t of hese developments hag, to do yirh thé\ton- “
wersion of computers into "l'a‘ nmachines." Early computnwere :

command&a

'capable of carrying out’ their operations dnly in compliance
\ " ’ ) . N . \\ﬂ\
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supplied to them by human operators. Computers have now been developed ™
which can modify thelr programs in the l1ight of their own "experience." -

Oneﬁline of computer research has involved the programming of\computers

to‘play such games as checkers and chess, A computer programmed to win ‘

at chess, for example, can review its memory of moves it hds made 1in 0

certain situations on the chessbdard in the past. It can sért out which

moves?contributed to winning and which ones did not, and/reérogram itself

to eliminate losing moves and make winning moves in future games of chess.
Thib~monograph is concerned with citizen’ participation in the making

of policy decisions.. Computers can be programmed to make decisions.

Information relevant to sbmqﬁirea of decision making ‘¢an be supplied to a

b EN

'c%mputer. The computer can then be instructed to explore‘the consed

of various A}licy alte#natives and report its findings or even to actually
gelect the Optimal” alternative, measured against standag

'
a

supplied to it by,human operafors. ° For example, scenariof}"

ways of conducting and defending against nuclear warfare, complete with
statistics about m}llions of liVes lost and billions of dollars in prgperty <

destroyed, have been derived from compéger simulations of policy alterna-, ¥

tives. The learning&?nd decision—making capabilities of computers have™ ks
o raised serious questions about the wisdom of depending on computer "braing"’
in the plannihg and ‘conduct of various ”humanQ\/nterprises.
g . The second develppment {n electronic technolggy with significant impli- -
f qcations for socii¥; is theﬁyﬁcreasing use .of. computers to direct and super—'
~ vise Sygtems for Yhe production and distrib n of economic goods and L
-7 servicggs “In addition ta.merely providiﬁgﬁffgzessed information to assist
’ peop{eﬁ

‘grammed in some cases to per

making dec151ons apd doing their work, comp ters.
Sorm,functions-that You ordinarily be handled T;

é_~by ' man managers and supervisors.

?( . Understandiag thiségﬁb of compute_§ calls .

4y - 8] udy of cybernet1cs-—a sclence named and developed by Norbert Wiener, a

' mathematician wertfhgtit the Massachusetts Institute of Technology. Cybe 5\

Ay .
*  netics has o do with the guidance*and control of various _systems of oper-
ation, For e le, if we think of . a person iving a, ca.-;P as a single-
c

8
or a brief\detogr into the

. N : -

operational system, the driver may be thought of as the trolling

. R . ‘ v ) L




rnnchanlsn ‘nd ) automobile as the . servomechanism.’ The driver contin—
. udlly receiVves infotmation about opbrating conditionsqrcurves, traffic, ‘
" ruts in the road, fog and’ rain, highway signs, etc._ The driver processes .
this information and adjusts the coui‘L gggspeed of automobile 4;}}
accordingly by operating ‘the 'steering wh 1, brakes,/é:d ccelérato?‘ (}
sppropristely. if the human driv;§'were to be. replaced br‘f computer }u&'

" programmed for the purpose, a self—guided, self—controlle conveyan

system would result. The theories of cybernetics’form the. basis fot v

the automation of such. diverse systems as missiles, factories, robots,
tesching machines, warehouses, and librarieq*

?f Ny General-purpose comppt@rs can be used to design special-purpose
computers whicn/in turn serve as brain mechanisms in the gutomated |
-operation, supervision, and Quality control qf productive ard distri-'
. butive é’nt:rérises. Autoxhgtion challenges some of- our mog,t deeply

‘1n8rained 1ctions about the rightful prlace. of human lan; in soclety. .
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L The dreamg of utofian thinkers about a é
W.g.n_: yhi;cﬁ" human beings are freed fromy arduous toil see:? to be

e Ln.

inﬁ%le when oné considers the potential uses of electronic technol1§?¢

ogy.- "Human beings now haqF (and soon will have more) mechanic slaves

to,do ‘théir. work, perhapsgpven their thinking, for them. Compyte can.m
- perforp complex mathematical operations ip,ﬁn hour which an army of
; human beings could not accomplish in a lifétime. Doctors can diagqose
’ diseases more quickly and dependably with the as tance offcomputers.
Optimal designs for buildings and other artifacts can be developed '
quickly~§V’refficiently by»architects and engineers using computers.
Musicians can use computers to compose’electronic music. With_ the aid
‘of television and communiéation shteliltep, we can watch évents as they

»

: happen on the other side of thg world r in places far from Earth. The

'"information revolution' is, toahSe McL han's phrase, converting the
world into a "gloﬁ/l village." N 5
But deeper analysis reveals ominous serpents lying in wait in this '{&

electronic Eden. Many people believe that grave risks are associated Tos

with fghr particular effects og?

electronic technology depersonalization Qﬁ

\ A\ LA

iﬁ- Mdecision makifg, invasion of persogal

d automation of gfl;ff“-uions.” * - ; ) .
{Z;:::;\\f Human Relationsbips L > < -]
L% .

Comp ters plaiyimportant roles,in

of relationships; centralizléy

:& privacy,
! 5. p
Deperson

; keeping track of, accoght&ng\
for, paying and otherwise rewarding, a dismissing persons in large—scale
,f ries to schools‘and hospitaI?; The, tendency

to depe nalize human rela ionships bet

organizations ‘ranging fro

,su rvisors and ‘workers, " o

CidOCtOE’ an patients, and(teachers and stu nts ‘was growing even before
e

TS were introduce

into personnel wdﬂg£ and the use of. computers 4,

has aggravated this nd. .The kind‘gﬁ depersonalized relationships one . t&:

{ large school, for xdm le, cpntrast sharply with he -

{Z tends to fimd in

close and mean "ful relationshi 8 between 'eople in a rural commqg}ty,

RO




'v a family, or a commune, where "everyone'knows‘everyone else" as a person.
+ The feelings expressed by protesting students in the 1960s that they
were being reduced to IBM cards, that their perzonal feelings and prefer—

‘ences were being fgnored,. that processes of lea ning and development

. were bg;ng distorted to fit the convenience of computers--these vere not
"eng~5ely romantic fantasies, Who has not felt the frustration of receiv—sy
ing an unresponsive computerized form letter in "reply" to a complaint
about defective merchandise ‘or a miscalculated bill? We néed to deal
with the person behind- the electronic gadgetry in order to achieve
satisfactory communication, . ‘
One widely advocdated use :of computers in education is as machines
for teaching basic s 8 and infotmation. 'Qn,individual student with-
access to ‘A computer terminal can address his questions ang problems to-
the computer, lf‘the computer is Well stocked, it ¢an answer the student's
' questiens and solve his or her problems more quickly, and often more
accurately, than a teacher or fellow student could do. 'Such a computer :
can algp-correct errors in a student's calculations or thinking prolesses L
promptly ‘and impersonally.- ' : . , R
' é) The question is not whether programmed individual iearning has a
-Pldte in future educational programs-—igfmost certainly has a place. The
issub fb whether the use of "teaching maéﬁines leads to the neglect of
hi.l.egfninggwhich can be achieved only by diréct interﬁétion and dialoguea
with others. Among the most important examples of this kind of learning \
’ ‘Ee the skills needed? |
griﬁps or who re different in age, background, and value orzentation.t J
d in

this monograph/as ‘a prime need 1n a pluralistic ‘and war-torn world,

togpommunicate with persons who beYong to other

!}‘The,need for such communication skills has already been stre

[

The depergonalization of relationships .has consequences for bo
viduals and societies. Can individual humandorganisms develap imgo
rounded and morally responsible ‘persons. ifathﬁy qge cOntinually;depriv
f pe;sonal relationships with other human beings7 Can socleties |4 A2
'&epend for' their survflval on human rel tionahips between their &fs ’
: ~be sustaingd ‘by tige kind of impsgsonaﬁa§elationsh&ps théh are fgbtered
g) ,dep&d ce on coxmnungcation throug‘};‘thg us§ of e]fkﬂronic technology?

R L ) ﬁr é?m - R
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Centralization of Policy Decision Making A

/) "In a symposium on "Computers and the World of the Future" held at '
the Massachusetts Institute of Technology, C.P. Snow, an English novelist;
_ é;o ig also a physicist, expressed vividly his coden about the possible

effects of computer technology on the making of social policy decisions

g There it is. A handful of people, hav!hg e
the will of societyy having no: communication with the

" rest of society, will, be making decisiamns in sedaret ch
- %  are going to affect our lives in the deepest sensé. . -
, '//l”" My worry is that the introduction of the computer is ‘going

to lead to a smaller circlg still. . . . Instead of having
a small group of scientists kfiowledgeable enough to have
something to add to decisions, I am asking whether. we are
now running into a position where only those who 4re con-~ v
‘a ~ cerned with the computer, who are formulating its/decision
rules, are going to be knowledgeable about the deé¢ision.
If so, instead of having a small circle of scientists an&
a large circle of administrators, we will have a tiny v
circle of computer boys, a larger circle of scientists who
are not .versed in the-new computer art, and then, again, ‘
the large circle of potiticians and admjnistrators. I a?
' suspec¢t . . ..that the computer in certdin hands could
easily become a gadget. Gadgets are the greatest single
source of misJudgment that I have .ever seen . «. People - .
get fascinated by gadget}'l‘hey love. ému They want .

everything to be explaine elr gadget. « . .

"I. suspect that computers e ‘going to get

into the hands of persong. lve or cana-

O . 1lized judgment and become¥ G . - %%,

£ e N L
.. Snow'sg concern embraces two intérrelated- 1ssues. "The: first has, é%:”

do with limited accesz by citizens to information which 1s collected
electronically and stored in computers, In part, this problem:is physi-
cal. 1Its solution, short of banning computers, would involve increasing
“the number of computer terminals available to citizens through which '
policy—relevant»information can be retrieved Qﬁfwaverqathe solution also
would also require’ ed/catinglzitizens ﬁn methods of rétrieving stored -
information and adding their,nﬁ% input to speﬂﬂﬂndh.data Information
about the feqlings, att1tudes, and values of large numbers oﬂ peqple ’

T %




cﬁncerniq!'@s-uesjpf'sociql policy qeeds to, find its way into’ computers
used to assist in sbglal poltcymaking o Z; . e _

_ <hme device used to delibe;atety narrow the circle of" per80ns with -
access to computer storage io the qlaasificafion pf amformation as. "con- -

s

f
1mportant information out ‘of the hands' (or computers) of "éhemv" govern- © |
ments, A corporation may justify limiting access to information by the .

‘ ,
q‘hd to’ maintain its competitive advantage over other firms. The merits (

of these jusfifications need to be judged on a case-by—case basis, . How- 9“}
ever, there’ is no doubt that such practices tend to. encourage end main— /
. tain a&ﬂiimate of secrecy and exclusivity in the making. of pqlicy deci- P
sions, and to limit the scope of intelligent citizen participation which
democratic polic&making requires., ‘ ¢
5 _:,‘ The second asgéct of Snow's concern ié fear—bf r o
wmighttalso Be expressed ‘as a fear that humansvﬂsztend_to iﬂplize and
idealize the new nd powerful technologfes which they have‘cngated- %&
. n
. iy

development of computer technology, men are wid, 32
" pretifig man's mental fd‘bcioning after ‘the mode}’d
functioning. ‘Nor is it’ Surprising that human epll
» - helng widely toached and otganized ;o confornm t
" aridto the image of she computet<; , Cybernetic mar¥.
just as mechanical man was and is’ag.ddol td’ mdny.
- The difficulty lies pot in thq@invention and use bBY St
mechanical or compu er mydels snd technologies in facii¥ o
ing human projects. The 1fficu1ty lies 4in the tendéncy of -

man ths ‘creator to deify Y s own creations, to ascribe to

N _ them & realis§ prior to the reality of himself, and to put
-~ himself ‘abjectly into the iirvice of ‘his owm artifacts. In gy

L ‘this process he comes to fRel* powerless before the powers Sy
- . he had‘f@leas and loses fhaith in the power that flies , ~%
’ with}n imself. to use his artifa§ts in the servi; fvpsf‘ ) )
sonal /a p comgunal endsﬁgx to te use to use: thefi a all, . . -~ . ey

//% . (Benne 1975)%

Tﬁn\best antidote to*makinﬁvalj 1 out ot\\}tetrdﬁice cience. and ’

A
ted nology and high prLests ouf‘of thei expef%ﬁ is widespﬁead Public
f’ed atdon——educationndesigped to demysti y electronic expertise and—to~>~ °

= 4 . I



ereate a healthy skeptieism -about its authority in decisio .king;,_What .
1s needed is widespread .understanding of the virtues awd: 15%!1 >

- AN I
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electronic technology and technologists, -

‘ations—of-7

oy . " N
I
Invasion of Personal Privacx» T

Our discussion has stressed the desﬁrability of widening citizen
access to stored and processed information relevant to the making of pub-
lic pblicies. Ironicalty, however, electronic technqlogy alsso creates
problems of-the opposite kind 80 far as the private lives of persons are
concernedgf:Electronic detecting-devices are fiow being marketed which are
powerful and sensitive enough to enable their operators to ‘secretly listen

" “in on telephone conversations and on discussions in homes and other places

-

which the speakers regard as privage, Invasion of privacy by . governments«\\

and other agencies, both Legitimate and illegitimate, has been greatly :7_
‘facilitated- by improved electronic technology. 1In a soclety which values o
.individuality, the right to priyate expression and communica;ion should
" be protected. The use of "bugging or electronic surveillance, whether
by government officials or by private agencies, needs to’ be controlled in
order to protect this right, whatever inconvenience such restrictions may

N

eate for zealous detectives, spy chasers, and brackmailers.
Computer- storage of information may also threﬁ#én individuals rights

e

to privacy. Information about a person)s Q@bts and - credit rating, diVorces

and. rpmances, diseases and’ operations——a L1 ﬁinds géypersonal data may be oY

stored in computers., There is gintinual pressure from some»sources to_
p

interconnect these varipus com

erg. Anyone’ with access*to suchéa com-
.puter chain could readily print out, a dossier of information about&anﬁ er
person-~information which that person might prefer to keep private. fﬁ‘
collection of per} onal information kﬁ(facilitaged if various kinds ofa_
}infofmation are st ed vith reference to a singIe identf&ying number,

perhaps a person's social secuxity number. N

-
.

While ready access to stored information about ‘an individual may be
convenient to a variety‘of functionaries—-among them law-enforcement ‘

officials, sples, agents of credit bureaus -and insurance companies, ‘ '7‘ .

s
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““iﬂmion should bc communicated and 0. W
dla;ify people 8 rights to indiviﬂgal.h
that support the protection of those: rfg’te. ’ ) : e R

The Effects of Automation on Emplozgg nt L . L

. 'One of the effects of introducing ‘aytomation into’an organization

is the elimination of some - jobs, jWhilgﬁit 1g true that automation creaces
jobs for computer programmers, techuiqunS; and service personnel, it

i usually reduces the ‘total number of jO%s im an organization. One of the
main reasons for introducing automation is to reduce labor COStSm The . -
los of jobs that ‘results from automation ts a source of anxiety both to S
individuals Whose jobs are threatened and to's society plagued with prob-v
lems of pergistents and increasing unemPlOYéent- o 'ﬁ.
“ In the’1960s one of the suthors served as a consultant to &h insurance'

i company which had decided to automate i clerical operations. The author _
was ¢lployed to help the company deal w tH* thé- human problems precipitated J
by tnis dccﬂeion. I&“&eeping with the aqthor 8 advice, the management
anpounced'ﬁﬁat nc,émployee would Ee diSmipsed becﬁuse ‘of "automatio --an

. action thatﬁhelped relieve employees aﬁg&ety_about losing thtir. obe.
However ktﬁda.of anxiety were cré%ted by the management ‘8B e 11anaqion

*

i
L7

that oyees whose jobs were eliminated by automation would hé‘%ffercd
training for other jobs at company expense. ‘Employees were noﬁ anxious ;@ A
abouv the neces to, change careers in midstream. Some felt a personsl

S A V"\

loss at having tgsforsake a job in which they had invested years of train-f
ing aﬁh experience.” In devaluing this investment by turning "their" work ey

ility to learn a

A

‘over to. dn inanimate mg‘hine, the company wds, in effect, devaluing them _'";"
-as persons.. Other employeea felt anxious about their}k: '

- new job and;do it.well, . ' .

: -etper in ‘the long.run automation will reduce” the number of jobs in .

) 1s,still in diepute. Some economists point to past situations
%he 1nt¥oduction of - 3§§:r~paving technology led eventually not toﬁa
_to morekjobs. But 18 nd doubt, as the éforementionéh

do, that it will compel people to retrain themselves

\ lustrates,ithat automation wfil change the kjnds of jobs that .
b i 7

%people will be hired



and to change careers--perhaps several timés in a lifetime—-and that it

will change the overall pattern of employment.‘ In. general, mass-proﬂuc-.

tion methods, over the past half-century, have: reduced the economic
demand for the services of skilled artisans and craftsmen. " Automation.

Co now promises to reduce the demand for unskilled and semiskilled workers,

although it will create new demands'fOr;technicians4of various sorts,

. What will happen to personswwho are not predisposed by interest or
aptitude ﬁB’sqek careers.as technicians? This fs a fundamental questioh.
Should jobs in a humane society he shaped to'the requirements of a tech~
nology adopted by owners and managers; or should they:be shaped to the
interests and aptitudes df.perscns living in the society? Should the
adoption of automation be determined by economic considerations alone?
Or should this decision also be influenced by the ﬁreferenceé‘ofxworkers?
All these questions need to be deliberated in forging policies for using
computer technology wisely and humanely oo ) ' f

Thus, automation raises policy issues related to both employment

. patterns and the character and quality of work-—in addition ,to the ques-
tion of whether workers should have to adjust their styles and prefer-~
ences to the convenience of machines, rather than the~qther way around.
The way people answer these questioné ia likcly to be affected by a
value orientation which 1is widely assumed by people in our culture, This
value oxientation leads many people to think that labor-saving devices
per se aEE "good," and it 1s applied to homes as well as to factories,

. farms, and offices. A home 1s often thought to be unquestionably better
1f it contains such labor—saving devices as a dishwasher; a vacuum
cleaner, a microwave oven. This value judgment 18 made even when those
who do the housework actually prefer to wash dishes by hand, to clean
floors uith brooms and mops, and to roast meat in an oven heated by burn-
ing wood or coal. . ) .

This value orientation’is related to our tendency to make idols out
ofvartifacts——a tendency noted by Sncw and Benne (see pages 93 and 94)..
On a larger scale, this value orientation 1s reflected in our preference
forlcapital—intensive (technology-intensive) over labor~intensive methods

of producing and distributing gcods and services. Many ecologists, most
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notably Barry Commoner, have pointed out that the adogtion ofdiapital-

g the
vty ‘energy crisis which people all over the world are fdc ng. Does this

(LTS
..........
vvvvvv
........

: gtntensiveﬁiethods increasés our. use of energy, thys aigravati
Y]

value Urientatipn need to be reexgm ed and changed? Specifically in .
regard to autamations which is large made possible by the developpent
- of computers, we maw ask: Should we automatf 11y extend the use of

V. e1ectronic technology because it 1is fascin ing, bggause it 18 available,
~ and because it saves human labor? ’
{
(2 v,
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o ,3‘._ T  Suggested Learning Activities.
> . H"s - . ‘ i o, ; O
* . -f. ImaginingﬁLife With0ut Electronids i No student now in high
= school has known a way of 1ife in which radio has not played a part, and

. only a few have experienced living without television sets, phonographs,
or-tape cassettes. .To 1involve students in assessing the human effects
of these’ forms of electronic technology, they might be asked to keep ///

logs of their activities for one or two days and to star those time peri—

e - -

ods in which such elEctronic devices played 8, part., As a further activ—
: ity, they might be asked to identify the purposes for which they have
'used these forms of electronic technology at various times in their e
rieace--recreatipn, sports, esthetic enjoyment, background to: other
activities, leafhing, relief from bor&dom,  keeping up with the inews,
keeping "up to date" with their peer group, etc. }
. A next step in the asgessment might bge to ask student@ to imagine
. how they’ might have accomplished those purposes without radio, television,
',>: * phonographs, or tape cassettes.‘ In carrying out this {1 ginative enter—

'prise, they might interview their grandparents or other older citizens

N

. who have lived part of their lives without access to a least‘sjme of

f'l’_ these electronic devices. As a final step, students might be asked to
(After

.Electronics) ways of satisfying enduring human intereﬂts. In wh t ways

AR assign comparative values to B.E. (Before Electronics)/ and A.E,

‘was life better and .in what ways was 1t wcrse before ﬁhe introduction of
these forms of electronic technology7 x ' | : !
As students discuss their logs and assessments, they sh0uld HiscOVer ’
that the positive values 6f electronic progress——values,which are| taken |
for granted--are actually open to question, and that some people lace '
different values on such electronic devices as radio, televisibn,\phono— ‘
graphs, and tape cassettes._ 15 b \

2. Constrhcting,a Value Continuum. ‘After it is_ discovered b

students that they differ among themselves in’ their evaluations of\elec—’
o »

tronic progress, they might be asked to construct a value continuum with

respect tq stich progress, This continuum should allow room for extreme

positions, from "ban all research and development work on electroni




wf f,

. " A .
technology" onone’’side to "encourage and generously support research and’

'development.in electronics and -the practical'applicatiOn of its results"
on the other, Make sure that at least-three intermediate positiona can
“be. located between the two extremes as students identify the "pro" and
"con" evaluations to which they are most attracted. §Fudents should be
*° asked to, state their reasons for choosing the value positions they“haye
" identiffed. - - . - | r '
3, Exploring Values Through Science Fiction. Students might be .

asked to read George Orwell's 1984, with its picture of a closed soclety
controlled by aldictatorial elite. These rulers rigidly limit citizens'
access §o important information and induce conformity to their rules and
-~policies throngh continuous electronic surveillance of citizens' words
and actions. Frequent reminders of this surveillance are'given through
loudspeakers with the message "Big Brother is watching you."
"After discussing the values and disvalues of a society like .that-
‘depicted 1in 1984; students might be asked to discuss the following ques-
" tiong: How might computers and communication facilities be used and con-
trolled in this country today to create & closed and dictatorial soclety
like sthe one described in 19847 What trends in our soclety are moving us

toward 19847 Should citizens try to reverse such trends? If so, how?

4, {nwestigating,Employment Patterns. To help students develop an

appreciat on of the effects of computerization .and automation on jobs,

they might be asked to do research on the "Help Wanted" and "Jobs Wanted"
. advertisements in a current daily newspaper and in an 1ssue of the same -
newspaper published teén years ago. (For this purpose, the Sunday edition
of a metropolitan newspaper containiné'several pages of such advertisements
is desirable:) The students' research should be guided by the following
questions: How manw of the ads in "Help Wanted" listings are looking for
technicians? Which of these ads specify that these technicians should
know how to 0perate, program, assemble, install, and repair electronic
devicesL especially computers? In the "Jobs Wanted" listings, how many
advertisers are looking for the kinds of jobs which are likely to be
. threatened or eliminated by cémputerization and automationé ‘

As students discuss the resul's‘of their research, they should look

’

100\ #0p.
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ror evidence of trends in employment opportunities which are related to
\ i -

autdmation. -To persénalize this activity, they might also discuss how
‘Ya ' .

these trends square with their own career aspirations. If the prevailing
trends run ‘countér to the career aspirations of some students, what might
those students do to reverse or modify the trends7

e

5. Debatiég.a Proposed Secial Policx, Many social issues are raised

by the development of .electronic technology, particularly computer technol~

ogy. Some of these issues.can be considered by means of the kjind of policy-"
oriented debate .described in Section 3. One such question for debate !
might be stated in the following vay: "All further automation of industries,.

businesses, and government operations should be ‘banned by law until every

_ employdble person has found a job."

6. Envisioning aprEducational Future. Some prophets of electronic

progress predict vast %Yanges in programs of education in a fully developed

‘electronic age. One such futuristic scenario envisages a home education

system £eaturing a computer terminal in every home and a two—way television
system to provide communication between individual learners and computers
in regional education centers, In addition to answering learners' questions,
the computer would monitor and correct’pro%esses of speaking, calculating,
and thinking.' The individual learnar would have no personal contact with
the highly trained educators who pr:&ram the computers and supervise their
operation.<

_ Students might be asked to write imaginative essays describing a day's
experience in such an educational program, In these essays. students might
be asked to include their reactions to the possible elimination of some of
the elements present in a "nonelectronic' educational program--interactions
with other classmates and teachers, face~to-face communication With people
who are different- in age, background, and viewpoint, etc. '

After students\have shared and discussed their essays, groups of

_ students might be asked to envision an ideal educational program in Which

the positive values inherent in both traditional classroom irstruction and
computerized instruction are combined and in$egrated and the limitations

of each are eliminated or minimized. ,



e
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1. Simulating a Po'l:l.czmakingL Situation. fOne kind'of policymaking

situation whichdﬁight be simulateéd by students is a meeting of a .con-
‘gressional committee to consider proposed legislation that would allow
_greater latitude to policemgn and intelligence agents in using elec-
tronic devices to collect evidence against suspected criminals and
enemy agents. Specifically, the proposed legislation would permit
police officers and federal intelligence agents to submit the tele—
phones, homes, and offices of.’suspected criminals to clandestine elec-
tronic surveillance (bugging) without a“court order. Officers and
.agents would also be permitted unlimited access to computerized systems
in which. personal information is stored--for example, the ¥1les of
hospitals, Credit bureaus, and schools. , o
ff Tmong the roles in which students'could be cast are those
of’the chairperson and members of the congressiqﬁ/l committee, citizens
’representing a law-and-order group that favors the proposed\legislation,
-and. other citizens representing a civil-liberties group whidb 1s very
“mucb opposed to it. The students who play members of the.co*iressional
copmittee will need preparation time to work oft procedures for tbe‘
‘hearing. Those playing representatives of citizens' groups will need
time to work out theilr arguments and to select and brief theirispokes—
persons. 'If student'feelings become polarized on the issués inyolved,
the teacher might suggest thaP™The-roles of the "law and order' \and
"eivil liberties" advocates be reversed. . ‘ ‘
" During the simulated hearing, the spokespersons‘for the citf%ens'
groups will present'their cases and answer questions put to them by .
‘committee members. Following this process, the~committee Willhtry to
decide what, if any, changes intexisting legislation are desirable.
In.the analysis and evaluation following the simulation, both teacher
\énd students should devot; attention to both the content of the issues
debated. and the processes of policymaking involved in the role playing.

{e—
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Recommended Readings A\ : “
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The first two sections of. this unit may be duplicated and used as

(\hasic reading on both the scientific ‘background of' electron}c technology
- and related is8ues of social policy and ethics invdlved in its practices.

In adlition, the following readings are .Yecommended:. (For information
.-about locating and ordering publications with Eb numbers, see page 129.,)

\‘Scientific Background of Electronics *

_ P,
Asimov, Isaac. New Intelligent Man's Guide to Scienée. New York: Basic
Books 1965. : o . '
'Te,J‘ Chapters 6, 7 8, and 16 of Asimov's book explain the .Y
' theories behind electronic developments. This book can -
be read with understangﬁng by moat high school- students.
Bernstein, Jere Analytzéﬁ%%Engines Computers, Past, Pfesent and
Future. New York\ Random House, 1964. ) “

This excellent semihistorical account oflthe background .
‘ " and development of modern computers was written for a lay
. : audience, and it can be read with undtrstanding by both -
‘ teachers and advanced students.

Bernstein, Jeremy. Explbring Science: Profiles in biscovery; New York:
Basic Books, 1978. ) . -,
This is a book of well-written essays.which appeared orig-~
inally in New Yorker mdagazine. Both scientific innovations

and ‘the personalities of the innovators are discussed.

The essay entitled "Calculators: Self-Replicators" 1is
especially useful for this unit. Most of these says can

be read with understanding by average high school] students.

-

Goldstein, Herman H. The Computer From Pascal to Vbn &euman. ‘Prince—
~ ton, N.J.: Princeton University Press, b970

The author of this book was an associate of Von Neuman's

in-the development of ENIAC, the ‘first all-electronic

computer. This semitechnical account of computer devel-

-ment 1is good readin; for\teachers and advanced students.
S B - K . : *
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Social and Hqgenlﬂffectl of Electronic Technologx :

'.Bagdikian, Ben H. The Infbrmatlon Machlnes ‘Thelr Impact on Men and the

':1Med1a. New York: Harper Torchbooks, Harper ‘and- Row 1971.

This book offers a brief general digcussion of the "infor-
mation revolution' and {ts human and sorial effects. Most
of the content deals with the effects of  electronic tech-
nology on the collection and dissemination of news. ., Thi
thought ful futuris}i’.c look at the news media of tomprrow)
can be read with upderstanding by~ average students.

v Ce S

Greenberger, Martin, ed. Computers and the Wbrld of the Future.

Cambridge, Mass.: Massachusetts Institute of Technology Press, 1962.

This report of a conference held at the Massachusetts
Institute of Technology in 1961 céntains transcripts of
the lectures given on that occasion and of the discussion
. which followed each lecture, ' Especially recommendet for
users of this unit are chapters 1, 3, 4, and 8. A useful
bibliography of both‘techn{;;i and nontechnical resources

. 1s appended. GCood reading T teachers and,most_étudents.

R ’ . . . i : ‘ .
Hill, A.V. The Ethical Dilemmas of Science. New York: Oxford Press, 1962.

-This 1is a general treatment of the ethical problemS\?aised
by recent developments in sci nei\ . ' .

~ Learning About Electronic Technology Through Science Fiction_‘
~ > e s ¢

llollister, Bernard C., and Deane C. Thompson.

Chapter 4 of this book, "Fold, Spindle and Mutilate: Man
"or the Machine," discusses how science fiction .can be used
to help students understand the threats to human beings

posed by recent technological developments, especially in
computer technology.

In addition to the works noted above, students might enjoy reading
Kurt R Stehling's Computers and You (New American Library, 1973, + paper-
bound)N Milton R. Wessel s Freﬂdom s Edge: The Computer Threat to
Societg (Addlson—Wesley, 1974) \
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Grokkin@ the Future: Science
Fiction in the Classroom. Dayton, Ohio: Pflaum/Standard, 1973. ED 084 554,
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" UNTY 4( ALTERING THE BIOLOGICAL HEREPITY | oF HUMAN BEINGS
T . AND OTHER LIFE PORMS

'( ' Scientific Background

B

.a : Cel
L .
.

It has long been comnpa-ae e knowledge that hereditary traits are
tfansmitted from parents to th;:S’ﬂﬂjﬁren. And . common-sense observation
confiftms futther that_the ‘hereditary traits transmitted from parents )

appear in new combi¢ ions in‘their bffsﬁring.' For example, a child may
1nherit "his father's' button .fose and big feet along with "his mother s"

i

, 'curly hair and brown eyes. ' C S ‘

:Ths modern,science of genetics began with the work of Gregor Mendel;.

'en-Auétrian monk, shprtly after the middle of_the”19th century. Mendel

wofked with pea'planfs in the garden of his monastery. ‘By cross-mating
plants which produced datk peas with.plants which préduced light ones

and observing the colors of the offspring through several generations,

-Meﬁéel was able"to deémonstrate that the transmission -of hereditary .traits

ia governed by mathematical laws,
Mendel 8 theory implied the existence‘of individual units of heredity

which‘couhﬁ pass information from one generation to the next. " Various

names were proposed for this theoretical unit of heredity by Darwin and
others until the term "gene," suggested by Wilhelm Johannsen, came to be

generally adOpted by biologists in the early 20th century.

~

~_" ' The understanding of genetic mechanisms was significantly advanced

by the work of Thémag Hunt Morgan, an American biologist who. began study-
ing the‘procesaeslof heredity in a tiny genus of fruit fly, Drosophila,
in i910w One advantage of the fruit fly over the pea plant as an experi-
mental 1ife form was its ability to rapidly reproduce' it could produce
dozens of generations during the time required for a pea plant to produce
its»finst get of blooms. Another advantage was that the: flies could
reproduce in glass bottles 1in a laboratory under highly controllabie»con-
ditions, After studying wing size and eye color in his fruit flies,
Morgan was able to confirm Mendel's description of the mathematics of

v \
heredity; he then proceeded to go much further, and eventuaily“céncen—
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trated on studying natural mutants among his fruit flies. (A mutant‘is
a rare and distinctive genetic variety which 1s markedly different from
the normal in ene trait or another.f_For example, albino characteristics
_ are due to the presence of rare mutants in nornally,pigmented human beings.)
Morgan was able EO_demonstrete that a mutation is due to the modification
of a single gene. )

¢

. if had been suspected for some time that genes‘were'located in chro~
- mosomes--dark, rod-shaped structnres which can be og;erved nicr03copica11y
in the nuclei of animal and plant cells. (A fruit fly has 8 chromosomes
in each cell; a hnman being has 46.) Chromosomes are observably active
during the processes of reproduction. They separate in the germ cell ‘and
then come together 1n a fertilized egg cell during the process of exchang-
ing :genetic information. By watching‘phis phenomenon microscopically in
his mutantafruit flies, Morgan correlated, chromosome inheritence with the
inheritance of single gene mutants. He was anle to locate the positions
occupied by many mutant genes in a given chromoeome. In 1926, Morgan puﬁ-
lished a map of fruit fly chromosomes showing the focation of each gene .,
‘that controlled a given function~-wing‘size, e?e color, etc. One of his
students, H.J. Muller, was subsequently able to produce matations ertifi-
cially by bombarding a population of fruit flies with X rays, a process
that greatly reduced the number of fruit flies which had to be examined
in 1ocaring nutants for genetic study.
. The ability to map genetic territory gave a new 'reality" to the
stufy of genetics. However, it did not answer the question of how a gene
- actually contaols the shaping of a biological organism. A partia} answer
was provided by the work of George Beadle and Edward Tatum on an orange-
colored bread mold known as Neurospora crassa.
The search for understanding of genetic functioning in 1iving organlsms,
moving as 1t did from pea plants to fruit flies to bread mold and later
to bacteria and viruses, was based on the assumption that the mechan&sms
of heredity are similar throughout the plant and animal worlds. Thus,the’
choice of a life form for genetic study was often determined largely by
'experimental considerations, Beadle and Tatum searched for a mutant of

Neurospora which could be identified and separated from a normal sample
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Vo of mold, They chose a mutant form which-could not make a required
L _ nutrienthut of the normal mold diet of sugar and salts: They w;re
o able to prove that the inability of the mutant mold to mamufacture this ;
*nutrient was due to the malfunction of a single gene and the lack of a
single enzyme. \ _—

Most students who have had a physiology course think of an enzyme
as a complex molecule which functiona in digeéting food, In fact.
enzymes also function to facilitaté various other kinds of chemical
activity in cells and organisms. One way in which genes are linked to

.

body chemistry is through their production of enzymes, X
Significant breakthroughs in sclence often come when two indepenQently .
developing scientific disciplines {ntersect, ' So it was with nuclear
physice and chemistry .and with computer acience and mathematics, and so
1t has been with molecular genetics, The scientific discipline which
. lntersected with genetics to spark a momentous breakthruogh in molecular
blology was chemistry. -~
As long ago as.the 1860s, Friedrich Miescher, a German chemist, dis-
covered a Substance which he called "nuclein" in analyzing pus from
human wounds.‘ Later he found nuclein in egg yolk and in the sperm of
’salmon. By 1920, nuclein had been factored into'two principai nucleic
;/PU‘ , acids: ribonucleic acid (RNA) and.deoxyribonucleic‘acid (DNA).
The intimate connection beyween DNA and heredity was demonstrated by
Avery and his colleagues at the Rockefeller Institute in New York. It
had been found earlier that when a pneumonia bacterial mutant'which was
incapable of causing disease was mixed with an extract of dead lethal
bacteria and Injected 1into a mouse, the mousg developed pneumonia and
died. In an effort to identify which compound from the dead bacterial
extract transmitted the .disease~producing instructions‘to the nonlethal -
bacteria, Avery and his colleagues removeH dne chemical compound after
another from the bacterial extract~~Proteins, starches, fats, Finally,
they decided that the minute fibers of DNA were carrying the disease~ pro-
ducing capacity into the cells of the previously ‘harmless pneumonia
_bacteria, "F '

Work on DNA and RNA culminated: in 1953 witgﬁtbeAnow~famous discovery
. L

-
e
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by Jam‘s Wstaon end Krancis Crick of the structure ot the DNA molecule.

The understanding of this structure and- its jmplications for the reproduc-

tion .and the functiofiing of the genes has been a key to the- stupendOus
progress in molecular biology during the past’ 25 years, . . - ‘

1

The structure proposed for DNA by Watson and Crick was the double'

-~heiix, which haw become as popular a symbol for molecular biology as .the

positive nucleus surrounded by orbiting électrons has ‘become for atomic

physics. DNA consists of a spiral of two connzzted ribbons. The backbone'

of each ribbon 'is made-up of sugar and phospha ) each ribbon are

. attached four nucleic acids--adenine Ay, guanine (G), cystosine (C), and

thymine (T)~vin various numbers and arrangements.' T acidg are attracted

to A acids, and G acids are attracted to C acids. These attractionskholﬁ'

the two ribbons together in the double helix. However, the attractions &

- are weak enough to permit each ribbon, 1in the procesd of ce11 division,

to separate and join with two new molecules of DNA‘ The original ribbon
carries the iImportant genetic information necessary for shaping enzymes

which facilitate body chemistry and proteins ‘which make up: the tissues of

. complex living organisms.

Geneticists now speak of the nucleic acids, A G T, and C, as the

:Vletters of a geﬁetic "alphabet." These 1etters can combine, as 1n. our

verbal alphabet, to form#many "words,” and genetic "words” can combine

. to form various, genetic "sentences. DNA "gentences' contain'tbe infor- -

mation which distinctively shapes the skin, bones, lungs, heart, and .
other organs of a living organism in the image of the parents who con- -
tributed ‘their distinctive DNA in the process of sexual reproduction.
Geneticists have thus been able to dec4pher the ' genetlc code" of living
organisms. .

Much of the récent work of geneticists Zas been focugsed on the study

of bacteria, and the bacterium most-often &

-

ed is one that normally
inhabits the intestines of most, if not all, human beings Escherichia .
coli. The genes and chromosomes of E, coli have ‘been thoroughly mapped
by geneticists. In ‘this study, ‘viruses have played a part. " Some viruses,

which are ‘essentially DNAjor RNA encased by proteins, have the capacity

xto'inject'theierNA or RNA into bacteria, Viruses can function and repro-

.
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duce only within a host cgli, and they can carry new geneé;c informat ion-
into bacteria.and other living cells, The invaded bacteria are instructed
to proﬁuce more viruseé according to the.informétion carried in the DNA

- or RNA of the 1ﬁVading virus, '

gGeneticists have also diseovared restriction enzymes which can cut

DNA fibers into pileces. Under proper conditions, these pieces can
recombine to form néQ DNA chains. Now that we havg-the ability to per-

" form .surgery on DNA fibers and make new DNA cbmbi;ations, given fhat we:
know hsd thege new céﬁbinations can be carried into livihg cells,”

2

recombinahtkgenetics——ih”effect, the capacity to make new life forms~~has
become possible, Awareness 6f the risks implicit in the use ofbthié'—A
power recently led to a self-imppsed temporary moratorium by geneticists
on recombinant genetic research, an action that focused public attention
on the revolutionary potentialities for good and for 111l in the findings
and applications of molecular biology.

L3 : s
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A Riak/BenefitlAnalygis of Applied Genetics

N

>

The three gemeral forms which application of genetic knowledge has
takeniin/the past and may take in the future are easily identifiable:
(1) improving the quality of exiéting species through eugenics, (2)
changing the processes of sexual reproduction, and (3) creating new life

- forms through reqombinant genetics. Each of these forms will be discussed

in turn, and issues related to social policy and 1ndividua1 ethics will

be identified for each area.

Eugenics

The notion that the quality and character oﬁwliving‘things can” be
improved through controlling their heredity is not new in the history of
ideas. ’Ever since Plato toyed with the idea of mating the "best' males
with the "best' females in pre-Chrigtian Greece, the ides of eugenics
has never been absent from the thoughts of some "reformers."

"While the systematic application of eugenics to "human beings has
seldom been seriously attempted in the history-of mankind (Hitler's attempt
in Nazi Germany to "purify" the human gene pool by exterminating Jews and
Gypsies was one of the notable exceptions), efforts to impfove animals
and plants through selective breeding and hybridization have been both
widespread and effective. Of course, animal and plant breeding was
carried on long before the modern science of genetics was developed.

* What animal and plant breeders do, in effect, 1s to identify natural
mutants with particularly desirable characterdstics and foster theilr
propagation through controlled selective breedipg. Such characteristics
might include drought resistance in cereal grains, a short growing season
in corn, large milk production in cowa, lush and distinctively colored
flowers.in decofative plants. Where differerit desired characteristics
dre found in different mutant strains of a plant or animal species, these
characteristics can be combined through cross-breeding or hybridization.
Thus a wheat variety which produces high-protein grain might be cross-bred
with a drought-resistant variety to prbduce a high-protein, drought-resis-
tant variety of wheat. ‘

In the case of mammals, mastery of the art of artificial insemination--

110 ,
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implantation of the sperm of a malé -.animal into‘the womb of a“female
animal--greatly extended the power 6f.aqimal breeders to propagate
désirable genetic strains. A single bull, for example, which carried
genes for exceptional milk production in his sperm cells might "father" "
calves in whole herds of dairy cows. Once means had been developed to
preserve sperm cell; over long periods of time, sperm banks were estab-
lished.ana;sperm cellsvweré transported all over the world. Thus an Iowa
bull could conceivably "fath;r" calves in Nepal and New Zealand months
after his deatﬁ. Artificial insemination 18 also practiced with human .
.beingé. In this case, the sperm may,come from a woman's own husband or
from .another man. A woman who wishes to bear a child without getting
married may seek artificial insemination with sperm from an anonymous
‘fmaie donor or from a sperm bank.

Wﬁat sclentific genetics can do for plant and animal eugeniﬁs is Yo
make the results of sperm and egg combinations more predictable and the
practices of selective breeding and cross—Breeding more systematic aﬁﬂ
better controlled. Scientific breakthroughs in genetics often lead ﬁo
proposals that eugenics should be extensively applied to human beings.
H.J. Muller, who was the first to produce artifigial mutants by bom~
barding fruit flies with X rays, later became an ardent advocate of
applying éﬁgenic measures to human beings in order to rid the human
gene pbol of hereditary defects. The hereditary defects which Muller
and some other medical researchers had in mind were such gene-carried
diseases and Infirmitles as feeblemindedness, hemophilia, sickle~cell
anemia, and Tay-Sachs disease. The fact that the gresence of such genes
in the chromosomes of men and women can now be detected raises some
complicated ethical questions: Should carriers of such defective genes
be automatically sterilized? Or should they merely be given information
about their defective genes and permitted to make their own decisions
about sterilization? The genetic composition of a chiid can now be
determined while the child 1is in the fetal stage through the process of
amniocé;tesi;, dufiné which fluid is drawn from the fetal sac in the )
mpkher's womb. If one or both parents are known or probable carriers of

defective genes, analysis of this fluid can provide information about the

17
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presence of a defect in thelir unborn child. The parents can them decide
whether to abort the fetus. ,

Some people argue for compulsory sterilization of identified carriers
of certain defective genes. (A1l of us carry some possibly harmful motant
genes.) Others argue for‘compuisory testing of every pregnant woman to '
determine whether there are serious genetic defects in the fetus and for
compolsory‘abomtiom 1f such defects axe found. Still other people might
accept the idea of»compulsory screening and testing, hut would leaye
decisions about sterilization to the individuals involved. Similarly,
these'people might advocate compulsor§ genetic testing of all pregnant
women but leave to parents the decision abqut whether to\abort a geneti-
cally defective fetus. Many people who feel ‘strongly about the "right to
life" of unborn and even unconceived "children" might object to both L

sterilization and abortion on the ground that they represent an lmmoral
interference with matoral law.

Involved in this issue are difficult questions of social and tndividual
ethics. Who decides which hereditary abnormalities are to be considered
undesirable? Steinmetz, the genius who profoundly advanced the study of

~ alternating electric currents, was a hunchback What would have been the
social effects 1f his parents had learned of this birth defect and decided
to prevent his birth? Would_the.human gene pool have been.purified or
depleted by this decisiohé

Another érofound qoestion is related to who makes decisions about
sterilizatiom and abortion to prevent the propagation of genetic'defectst
Should the state make these decisions? Parents? Individuals? One state,
North Carolina, passed a law 25 years ago requiring the sterilization of
residents with serious mental d¢ficlencies. So far, nearly 100,000 North
Carolinians have been sterilized in comformity with this law. How do you
react to the idea of having such a law? Would you advocate orioppose it

in your state?

"\

‘Alterations in the Processes of Sexual Reproduction

One man-made alteration in the process of sexual reproductlon has

made it possible to produce 'test-tube babies.'" In the summer of 1978,

~
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fm;'v Louise, allegedly the first test=tube baby, was born in Lpndon, England.

One of her mother 8 eggs was fertilized by one of her father 8 sperm out?

side the body of her mother. The fertilized egg was later artificially

transplanted into her mother's uterus, where the embroyg)developed in

'the,usual way. This was a medical ‘solution to the praoblem created by

.

an anatomical condition in Louise's mother which made it impos’}ble for.

her to become pregnant 1n the normal way. Both parents agreed to the use

The fact that hundreds of requests for
similar treatment were recelved after Louise's birth was publicized reveals

" of the® revolutionary procedure.

that the problem faced by Louise's parents 1s shared by many other people
who w0uld\like to haVe children.

So far, the proceduir.seem a benign
addition to medical technology. '

The social problems implicit in the further development and refine-
ment of such & technology become apparent when we imagine not only concep-

tion but the entire'process of gestation as occurring outside the body of

a mother. Biologists have experimented with "artificial wombs" for lower

" apimals, and embryos have developed through a good part\af their prenatal

cycle under such conditions. It is not implausible that such a technology

could be perfected and applied to human reproduction in the not too-distant
future.

A If such a way of developing bables were to become feasible, the temp—

tation to control their genetic composition and prenatal environment, with

'1 the aim of producing the kinds of babies thought to be "desirable," ‘EI&

be very great indesd, The same ethical questions that were raised in

connection with‘eugenics programs would then confront people with even
greater forcef '

Who should determine what kinds ¢of bables are desirable?
_The state?: Medical experts7 Parents? By what standards should desir-

ability be. judged§ Health7 Intelligence? Physical beauty? What effects

would this way of‘producing babies have on family patterns and structures
which have developed around traditional processes, of sexual reproduction?’

Ofbcourse, sﬁch a technology has not yet been perfected. The policy

question for the*present 1s whether research designed to develop such a

technology should be encouraged, discouraged, or banned. Should public

money raised through taxation be used to support such research? Who
. -] .
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should make decisions about its continuation and tempo? Sciéntiste? “The'
medical profession? The government? Citizens9 Or some combinatidn of

. ! ’ . '

An even-more-drastic alteration of the processes of[sexual repro-
duction is known as clonihg. In cloning, the nucleus is removed from the
egg'of whatever gpecies is being cloned and replaced by the nucleus of an
adult cell. The egg islthen implanteddinto the womb, and the process of

gestation begins. The organism thus created would be an identical genetic’

. .
copy of the adult from which the substitute nucleus Yas taken. Dozens,

even hundreds; of "carbon copies' of an organism could conceivably be pro-
duced by cloning. Cloning, in effect, repleces sexual reproduction with
asexual reproduction,'which is chardcteristic of such primitive organisms
as amoebae and bacteria. - ) ' 4

' Biologists report that cloning has been performed successfully in
animals as complex as frogs. an l977, a widely publicized book was pub-
lished in which it was claimed that an elderly, eccentric millionaire had
(with expert help, of course) produced an exact copy of himself through
the process of cloning. While genetic experts unanimously questioned the
authenticity of this report, none of them denied that the cloning of humans
is a distinct possibility for .the future.

Animal breeders might look with distinct favor on cloning. In the
field of horse racing, for example, it night be seen ss a istinct benefit
if Seattle Slew or Affirmed could be copied a dozen or.a hundred times
without risking "contamination" of his offspring by mating him with a
female partner. Similarly, advocates of cloning at the human level might
point to the benefits of producing exact'copies ot an Albert Einstein,
Mahatma Gandhi, Mohammed Ali, or Eleanor Roosevelt. To balance this
optimism, Ira Levin's horror—science—fiction4novel. (which was released in
1978 as a motion picture starring Gregorz Peck), The Boys From Brazil,
should be recalled; In this story, a geneticist, from Nazi Germany succeeded
in producing a do;en clones of Adolf Hitler, using cells preserved from .

Hitler's body, and planting the clones, through adoption, in families in

a

= a number of countries.

Although it is impossible to anticip%:e all the problems which the
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clqning ofihuman beings would prec&pitate in our own and éther societies,
some of these seem obvious. At the .personal fevel, what would be the _ )
legal, social, and human status of a clone? Each would have only one
genetic parent--a "mother" for a female clone and a "father" for a male.
What problems of personal development would clones face? How would a
clone develop a sense of #ersonal identity surrounded, as he ot she might
be, by carbon copies? ’
At the societal level, already familiar questions would have to be
faced. What individuals should be cloned? Should the choice depend on
wealth-—on the ability of -people to pay experts 'to accomplish the process?
Should cloning be limited to individuals who are socially desirable?
Should the process of cloning be denied to socially undesirable persons?
Should only social;conformists be cloned, and the process denied to
dissenters and rebéls?. Lying behind these questions is the most difficult
one of all: Who wrllvdetermine the‘answers to these unprecedented moral
questions? r o
At a still—mote-general level, with implications for the survival of
the human race, an important issue would confront all socleties. Wide-
spread-cloning would minimize the mixing of genetic strains and the ever-
- changing genetie combinations in people which ‘sexual reproduction provides.
While this process of genetic mixing has never been truly random because
of” socially imposed limitations on human mating, it has provided mankind
/with a variety of genetic potentialities to meet the demands of a chang-
ing eavironment. Cloning~would tend, if widely used, to perpetuate limited
number of genetic combinations--primarily those considered desirable for
functioning |in the environment confronting people at that period of history.
However, the genetic combinations considered "undesirable" at any given
time may ‘he the very ones best able to adapt to a radically changed envi-
ronment. Thus, through gloning, the survival of the human species in a
changing environment might be jeopardized. And it is important to remember
that decisions made about reducing the variety of the human gene pool

would be irreversible.

Genetic Engineering--The Creation of New Life Forms

It has already been noted that molecular biologists now have the

1¢,
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knowledge and know-how to produce new life forms.. Using restriction
enzymee, they can perform Surgi;y on DNA fibers. The fragments from this

surgéry could conpceivably, unde? certain eonditione, be recombined with
\ . .

'pther DNA fibers to form new DNA "sentences" which could function to

’produce new specles. And scientists have the means, in the form of

viruses, %o’ carry new DNA into living host cells. , -

The hazardous potentiai.of-reéomﬁfn;nt genetic -research led Paul
Berg of Stanford University, a ploneer in this field, and‘pther molec—
ular biologists to declare a moratorium on this kind of research in 1974.
Thié’inrernational group of scientists subsequently called a conference
of molecular biologists at Asllomar, California, to assgss the potential
hazards of recombinant genetic research to public health and planetery '
ecology and to agree upon guldelines for reducing these hazards to a
safe level. It was the hope of these scientists that by doing so they
might acnieve self-regulation and avoid governmental restrictions.

The hazard o whicn thesparticipants in the Asilomar conference were

most aware was that new, disease-producing forms of bacteria might be

_created, and dpat they might somehow escape from the leboratory to cause

epidemics of disease in human and other organisms. if that should happen,

there would be no known methods of eontrolling the diseases that these

new virulent agents might. produce. This fear seemed all the more real-

istic since, as already noted, the principal life form used in recombinant
genetic research was E. Co{i,yabacterium whose natural habitaf‘is theu
inrestines of human beings and other animals. Moreover, the principal
agents for introducing new DNA into bacreria were viruses, including
some that were known to produce tumors in human and animal organisms.
There are, of course, potentia¥ benefits as well as risks in recom-
binant genetics. Pharmaceutical companies have invested in recombinant
research in the hope that bacterla can be produced'which could manufacture
Such‘materials as insd[in, a hormone used in the treatment and control of
diabetes. And some medical blologists are hopeful that malfunctioning
genes in human organisms might‘éSEegéy be repaired or replaced through
procedures devaﬁsped in reccmbinant research. ,/

However, sclentists at the Asilomar conference were primarily concerned

-
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Ebout the heiards implicit in such experimental efforts.‘ Their initial
work led to a series of coqferences under the auSpices of the National @ |
Thstitutes of Health whdich produced guidelines prescribing security measures
which must be maintained in laboratorles conducting various kinds of récom—
“binant: research. Most of these security measures involved physical bgrriers
to prevent the new life forms produced in the laboratory from spreading
to the world outside. However, these scientists also wanted to ensure =
. that the host bacteria developed for experimantation could not live out-
- side the laboratory environment. . The guldelines they formulated applied
only to research supported by goverdment funds, not to that conducted and
supported by private industry. Research in recombinant genetics is now
‘proceeding in the United States and in other countries under tﬁese kinds
,5/0f controls. . 4 - ®
h As the work of the Asilomar and other conferences was reported in the
press, concern about the production of "doomsday bugs' spread to the gen-
eral public. Among the leaders in the effort to alert’the public to the
dangers of continuing andysupporting such.research have been scientists
themselves~~-such men’as Rq%ert Sinsheimer, Erwin Chargaff, and many youﬁger
7 antieetablishment scientists._ N-

When Harverd University proposed to erect a building in Cambridge,
Massachusetts, to house projects in recombinant genetic research, the
mayor and council of the city of Cambridge became alarmed and threatened:
to ban such research in their city. The resulting pubiic furor led to
the appointment of a committee of lay persons who, after thoroughly
studying the risks and benefits, made recommendations to the mayor and
council about the conditions under which such research might safely go
on at Harvard. »

The effort by scientists and the public to learn to control the vast
powers implicit in genetic engineering has .just begun. However, two
conclusions can be drawn from the brief history just describedf

The first conclusion is that, although genetic researchers are to
be commended for recognizing the hazardous potential in their own research

cand initiating efforts to reduce, if not eliminate, this potential, for
the most part they have confined their deliberations to technical questions

I F
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related to 1ab6rat-ory security; they have not dealt with the broader’
social and human implications of their work., The critics of recombinant"
genetic research, some of them scientists themselves, have raised impor—
* tant questions which need to be faced by the public as well as by scien—
tists. As Robeét Sinsheimer remarked "There was, at Asilomar, no
explicit comsideration of the broader -social or ethical 1mplications of
'initiating this‘line of research--of its role as-a poséible_brelude to
-longer—range, broader- -scale genetic engineering of the flora and fauna -of
the planet including, ultimately, man" (Rogers 1977).

S. E Luria, a professor at the Massachusetts Institute of Technology
and a Nobel laureate in biochemistry, has given us a summary gL%ﬁpse of
the momentous questions raised by molecular biology:

Projecting the prgsent knowledge of biology into the
genetic medicine of the future leads inevitably into

controversial territory. Such practices as abortion .
to prevent the birth of defective babiles or introduc- ‘

tion of different genes into an individual's heredity -

raise serious questions of.moral choice. Some day it
may be in human power to decide, not only who will or
who will not be born\\but also what those born will be.
like, what genes they /will and will not have, whom they
will resemble. . . . In a competitive, caste-ridden,
power-dominated society, the ability to refashion

human beings by selection or manipulation of eggs,
gperms and genes might become a tool to promete ine-
quality and oppressidh. It might serve to create masses
of obediently toiling slaves or to manufacture elites

of identical rulers--in ancient Egypt, pharaohs married
their sisters in order to generate successors as similar
as possible to their own divine selves. (Luria 1973)

The second conclusion that may be drawn from this brief history has

to do with the interrelationships between scientific experts and lay per-
sons in making policy decisions about potentially hazardous research.

The Asilomar conference was limited to scientists,\as were the later con-
- ferences at which the NIH guidelines were drafted. It has been reported
that the scientists at Asilomar distrusted both the public and the news
reporters who were their only link to the public (Rogers 1977). It is
probable that the panic with which some people react co the mention of

recombinant genetic research has been amplified by the feeling that they
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and their interests are not sufficiently represented in policymaking on
ques that affect their health and safety. > o
The effectivity of the committee of lay persons which helped to settle
the Cambridge crisis should be reassuring to both.scientists and ordinary
citizens (Nelkin 1978). It is clear thatfscientific policymaking'on issues
which involve grave social and human consequences must be collaboratively
done in the future, and both scientists and lay persons. must be reeducated
. 1f such collaborationﬁ.vre to be sane and productive. Some scientists
‘must abandon their dogmatic commitment to sq¢ientific ''purity" (which has

never existed,

istorically) and their contemptuous attitude toward lay
»personS/who on't know what they're talking about when it comes to the
that should be established for scientific research. And lay
persons must—avoid both blind subservience to and blind rejection of the
authority of scientific and technological experts. This kind of mutual
reeducation is of the greatest cocial importance, and it should begin
early in the educational process--certainly not later than high school.
However, in dealing with the issues raised in connection with this
unit, teachers need to realize that some of them have profound religious
imnlications. The very mention of the word "abortion" in a classroom may
provoke the wrath of parents, citizens of the community, and some students.
The suggestion that the termination of human life at any stage may be con-
sidered a legitimate option in a continuum of values is deeply disturbing
to many people. In planning and presenting this unit, teachers need to
be aware that such reactions may occur and to consider the sensitivities
of both individual students and the community as a whgle. As in any of
these units, of course, students should never be asked to defend a value

position to which they are morally opposed.

I
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Suggested Learning Activities .

. . 3

N .

1. ﬁgploring:Personal Concerns. Genetic research pregents all

societies with the need to make far—reaching policy decisions, some of
‘which afféct all of mankind. Before dealing‘with these larger questions,.
it is important that students develop some sense ‘of the personal impli-
cations,inherent:in the processes and orogramé of genetic énginéhring:"
To accomplish this, they might be asked.to write personal statements in;
Tesponse to one or more- of ythe following situations: ' - ,

2. You live in a state which has. laws requiring the com~ .
pulsory sterilization of persons with specified genetic defects.

" You h?ie discovered that'you have one of these defects, Would
you wijlingly submit to éterilization?. Give reasons for your
decision. ‘ N, -

b. You are married. You and your spouse have discovered "
that a baby is on the.way. An examination of the fluids of
‘the fetal sac shows that the unborn child has a”serious birth '?\“

 defect. You and your spouse must decide whether to abott the E'
fetus. What reasons against havihg an abortiOn come to your
mind? Similarly, think of reasonsyfayoringvabortion. What
~would you decide to do? Why? 'wfé“ \ i ,

c. You are one of a dozen clones, "c%%?on copies" of an .

' “adult who 18 rearing you and your clonme d%iblings." How
would you feel toward .your fellow clones? Toward your "parent“?
Toward other youngsters who were sexually reproduced? Toward
yourself? ‘What differences from "normal" development do you

think you would experience? - T

,,,/,’/lu;:;den:§hmight be dsked to'share and discuss their statements with

the rest of the class or in small groups.

2. Constructing a Value Continuum.. A value continuum with positiona

ranging frpm extremely negative to extremely positive can be constructed
for genetik science and engineering as a whole or for specific aspects of

it--eugénic programs to 'purify" the human gene pool, human” cloning,
) K . . A. g .

@
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:Ot recambinent genetics. After reading and discussion, teacher and
studenta might together'construct a value continuum, filling in the
vaiue content for both extreme 4and intermediate positiOns. Students can
~,then ‘place themselves initially at.one value position or another. This
,ptocess will facilitate casting students in subsequent debates and role— N

- -

play activities', . .

. o 3. Debating Policy Issues. Msny‘issues raised by‘genetic gclence
_ . and engineering can easily be dealt with~ using the debate format described
in Section 3., Here are. a few of the debatable issues.

a.‘ Sterilization should be compulsory for men and women with
/ serious criminal records, T z i -
b. Abortion ‘should be required fof aﬂfetu%.when ammiocentesis
reveals serious birth defects.
. ¢. Research on methods of human cloning should be denied
public funding, // - _ ‘
“d. A.young man and a young woman considering marriage should
be required to undergo analysis of their chromosomes for defec-
tive genes and receive genetic counseling before they are allowed
to marry. ‘ ,
C/r . e. Research and development work on the extrauterine conceép- '

tion and gestation of human beings should be prohibited by law,

If the discussion reveals that students are tending to become polar-

ized on an emotionally charged issue, role reversal might be tried: some
. of those who have strong "con" feelings on an issue should be asked to
develop and present arguments for the ”pro"'side; ‘The "listening" group,
which is trying to find ways of integrating the views of the extremist
factions. should include at least one pro~ and one "con' extremist. The
purpose of this activity and of the follow-up discussion 1s, of course,

to help those who feel strongly about an issue understand and appreciate
the Viewpoints of thelr opponents,

“Ekamini#g Predictions About the ‘Future. In recent years, achieve-

ments 1n recombinant genetics have produced a flood of predictious about
the consequences of such research for future societies. Some of these

predictidns have been;ﬁade by scientists, others by nonscientists., Students
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.fmisht bemasked :te collect such predictions from neWspapers and popular o _'
magaziqeg published since 1974 and prepare reports summarizing and“analyzr 'hni~~ibf
r;ng theae_scenatios. While it is too early to say which of these pre— L ’
"dictiona have been historically nfirmed or disconfirmed, studentz might
. be-asked to anadlyze them with two‘questions in mind: What is the actual o o
basis for, the. prediction=-~what part 1s fact and what part 1s interpreta- I '
tion?. What characteristics of the author of each prediction probably
ﬁvled.to an optimistic or pessimistic.interpretation.of,the facts?

5. Using_Science-Fiction to Explore Values. Science fiction,. it
has'already been suggested, can be used to help students feel and think™
futuristically about the consequences, good and 111, of sclence and
technology. Aldous Huxley's Brave New World is admirably suited for

this purpose in the study of applied genetics, In Huxley's vision of

a future world, gepetic engineering was used to produce the kinds of
creatures needed to meet the requirements of -a carefully stratified
and controlled soclety. ,

After reading the novel, students can profitably discuss Huxley's
vision of the future from several perspectives indicated by the following
questions: How plausible is the society of Brave New world in light
of developments in modern bilology? In what respects is that soclety '
desirable and in what respects undesirable? ’What alternative ways of
1ife might people build, using Huxley's imagined science and technology?
What can people now do to shape the use of technology in hnmanly desiref'
- able ways?l T | ® i .
Ira Levin's The aogs From Brazil (see-pag% 114) might also befnsed
as the basis for this activity,

6.  Simulating a Congressional Hearing. Poiicymaking for the control

of genetic sclence and engineering can be simulated in a number of ways.
One fruitful simulatior might be built around a hearing before a congres~
sicnal committee, The ccmmittee is conducting public hearings as part

of the process of deciding whether to draft legislation which would ban
recombilnant genetic research, Students can be cast_as members of the
committee and' as citizens appearing before the committee to try to

influence the .shape of the legislation being considered. Both "pro' and

“r
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"con! citizen groW" will need preparation time to think through their .
posigions and appoint and brief spokeSpersons., Students playing members
of the committee will need ‘time to work out procedures for 'the hearing.,
The hearing should include presentations by both citizen groups, with
questioning by committee members fg!lowing the presentations, After thesé
presentations, the committee might try to reach a policy decision about the '
\ kind of legislation gequired o . T .
h “In analyzing and evaluQ 5 g the- experience, teacher and students
should focus on both the content issues dealt with in the hearing and the
process of policymaking employed in the simulation.

7. Discussing;the Implications of Human Eugenics. Eugenic programs

for human "improvement invqlve the application of methods which animal

and plant breeders have used in developing new varieties, These methods
primarily involve the propagation of desirable-genetic strains and the
elimination of undesirable strains through selective breeding and controlled
hybridization. In'the future, such powerful ney technologies as cloning
_and extrauterine conception and gestation maylhecome'feasible.

Studerits might be asked to discuss the differences between applying
such methods to "lower" animals and plants and using them on human beings:
What ethical and legal safeguards should be built into eugenic programs

lat the human level to protect individual and human rights#

Students should be encouraged to carry the results of their study of
,genetic engineering into social action, ‘80 long as the rights of individual
students to choose various value orientations (or inaction) are preserved.
The actions undertaken might employ any one or several of the formats of

a citizen participation outlined in Section 3,
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F"’T-HJ S . ’ Recommended Readings - , J

' The first two sections of this unit may be duplicated and used ‘as
basic reading both on the scientific backgrouﬁd of gengtic engineeriﬂé
and on related issues of social policy and ethics. In addition,‘}he

_following readings age recommended. (Fér information about locating

" and ordering publications with ED numﬁé;s, see page 129.)

Sclentific Background

Luria, S.E. Life: The Unfinished-Experiment. New York: Scribumers, 1973.

This clear and vivid account of the concepts and find-
ings of modern molecular biology, written expressly for
the intelligent lay person, can be used by teachers and
advanced students. .

. Packard, Vance. The People Shapers. Boston: Little Brown, 1977.

In chapters 12-19 and 23, Packard ‘is mainly concerned-
about clarifying the social and ethical issues raised
by actual and potential applications of the growing
scientific knowledge of human g¢netics and reproduction.
In furthering this purpose, he presents an easy—to-read
sumary of the current state of genetic engineering.

N a

Rogers, Michael. Biohazard. New York: Knopf, 1977.

Rogers reports in accurate yet dramatic fashion on the
efforts of recombinant geneticists to find policies and
procedures designed to reduce the hazards to public

health and planetary ecology which are implicit in their
line of research. In his‘report, Rogers covers the
Asilomar conference of 1975 and the succeeding conferences,
sponsored by the National Institutes of ‘Health, which
developed the guidelines that. now govern federally funde
research in recombinant genetics, his reporting’ both, ﬁit .
'humanizes the scientists involved and opens up the grave
policy issues which genetic research presents to society.
The book also contains a guccinct history of scientific
genetics. Good reading fdr all students.

Ethical and Social Issues

3

Packard's and Rogers's books are both useful here as well as on the

sclentific background, as noted above.
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Grobman, Arnold B., ed. Social ‘Implications of Biological xduCagépn.
Princeton, N.J: Darwin Press, 1979. ED 056 893.

Chapter 4,‘"Genetips," includes. a symposium on'théﬂéodialf ,- *
implications . of genetics and genetic manipulation with con-
tributions by geneticists and teachers of biology.

Ha#tings Center Report, published bimonthly by the Institute of Society
Ethics and the Life Sciences, Hastings-on-Hudson, N.Y.

This periodical is recommended to teachers as a continuing
sositée on the social policy and ethical issues raised by
developments in the biological sciences, including medicine.
It also lists new books in the field.

Watson, James. The Double Helix. New Yorl;: Atheneum, 1968,

‘ This story of the discovery of the structure of DNA, written
by one of its’discoverers, reveals the all-too-human competi-
tion among and fallibility of scientists. TFor advanced stu-
dents and adults.

-
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RELATED READINGS IN THE ERIC SYSTEM
.. o )
The suppl entary reaources described in this section haVe been
‘entered into the ERfC (Educational Resources Information: Centef)
"system. Each 1§ identified by a six-digit number and two letterS'l
"EJ" for journal\articles "ED" for other documents.|
If you want to read a document with an EB number, check to see
whether your locah library or instructional .media center subscribes to
the ERIC microfiche collection. (For a list of libraries in your area :
that subscribe to the ERIC system, Write to ERIC/ChESS, 855 Broadway,
Boulder, Colorado 80302 > S
If an ERIC collecion 18 not accessible, or 1f you want a personal
copy of the document fn either microfiche (MF) or hard copy (HC), write
to ERI? Document Reproduction-Services (EDRS), Computer Microfilm Inter-
national\Corporation; Bf?. Box<190, Arlington, Virginia. All orders
must be accompanied by payment in full, including prepald postage. Prices
(correct as of October 1, l978) are cited for each ED document (Note
" that for some documents hard‘copies are either not available or must be
‘ordered from the publisher instead of from EDRS.) .

* If your local library does not have a journal article that you want,
you may write for one or more reprints to University Microfilms, 300
North Zeeb Road, Ann Arbor, ﬁichigan'48106[ The followiqg_information
1s needed: title of periodical or journal, title of article, author's
' name, date of issue, volume number, and issue number All orders must

be accompanied by payment in full, plus postage. ’
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 Caldwell, Lynton F., ed., et al. Science, Technology, and Public Policy,
., ¢« Vol. 2. Bloomington, Ind.£ Indiana University Department of Govern-
a ment, 1969. ED 045 366. 549 pp. MF $0.83, plus postage. HC not
available from EDRS; order from National Science Foundation, Room 25,
' 800 G Street NW, Washington, D.C. 20550 (free).

This publication, prepared with the support of the National Science
Foundation, is a master bibliogrgbhy of 2,700 journal articles
published between 1946 and 1967 about environmental quality, pollu- j
tion, science history, and the socioeconomic impact .of technology. '



Bnezgy Education Materials Inventory.p Part 1: Print Materials. Portland,
Ore.: Energy and Man's Environment, Inc., 1976. E 133 192. .102'pp.
‘ MF $0. 83y. plus postage, HC not available. ‘

Prepared for seCondary science and social “Studies teachers with the

. support of the federal Energy Research and Development Administration
- (ERDA), this 1s one part of a six-part annotated .1isting of available
teacher s guides, curriculum materials, and background readings
relevant to éurreht problems of energy use and conservation.

Lahart, DavidIE., and Rodney F. Allen, eds. Energy and the Environment,
. Vol..2, Tallahassee Florida State University College of Education;
1977 ED 143 593. 106 pp.. MF $0.83, HC $6.01; plus postage.

: Prepared by and for teachers of high school science and social’ studies,
this 18 a report on teaching methods and materials in energy education.
"The suggested activities, which range from simple to- complex, include
games and other novel strategies for involving students .in isSues
related to energy conservation and use.

Mult1d15c1plinary Team Approach to "The Man-Made Wbrld," A. Denvert -Colo=
ado State Department of Education; Boulder University. of Colorado,
(§970 ED 065 374. 121 pp. MF $Q.83, HC $6.013 plus postage.

This 1s a report on the classroom testing of an instructional unit
focused on the impact of teehnology in our society. The teaching
teams included science teachers and social science teachers.,
Although few social and public policy issues are treated, there are
many suggestions for decision-making games’ and other instructional
.activities. Because some of the decision-making games invdlve the
use of computers, this document may offer suggestions to teachers
for modifying some of the activities suggested in this monograph
for situations in which a computer 1is avadilable. \\

Role of Engineers and Sc1entlsts in & National Policy.fbr Technology, The.
Report no. NSB-72-1 of the Nation2l Science Board. Washington,
National -Science Foundation, 1972.."ED 141 120. .57 pp: MF $0.B3x
$3.50; plus postage. - Also available’ from Superintendent of Docume
U.S. Government Printing Office, Washington, D C. 20402, order stock .
no. 3800—0100 ($0.45). .

 This booklet, which may be used as a companiOn plece to the document
cited next, pffers five recommendations- concerning government support
of technological development, along with supporting facts and arguments.

.Science and Technology in Preszdential Policymaking: A Proposal. Washingr
ton, D.C.: National Academy of Sciences, . 1974. 'ED 108 858. 63 ppfu‘:
MF $0.83, HC $3. 50, plus postages * l‘”

lmportant because of 1its semiofficial source, this document emphasisesa '
the role of science and technology in the develdpment of public polidyxVi
in the areas of weaponry, energy sources,  and pollution coritrol. The'
proposal includes a brief history of past relationships between the .-




’ president and the acientifié\community,and/Briefly'tteata_the role
‘of scientists in health, agriculture, and the modernization of trans-
-portation systems. Teachers can use this document to emphasige that

. sclentific "experts" must play a 1imited role in making public =~ ' _
. policies. . ‘ ' . o

>

i . . '-‘ ot : Journal Articles

‘ Samoildvich, Felix. "Ideology and the Protest Movement in Science." .
- . . International Social Séience Journal 27:4 (1975). EJ 135 250. -
el '$6.00 for first reprint; $1.10 for each additional copy.

, i This description.and dnalysis of the current international protest
: movemerit in science was written by an Argentipian sociologist from

the University of Buenos Aires. The author probes the interrgla-
tionghips between ideoXogy and science and compares the current move-
ment against science and technology to various recent historical
events. His description of the protest movement is interngtional N
in scope. 4 The article has been translated from Spanish into Engligh. -
Unfortunately, the translation 1is not particularly adept.,

n s N

-

"Zimméf, George F. ."Personal Reflections on Science and Social Science." _
Social Education, February 1977. EJ 152 389. $4.00 for first
reprint; $1.00 for each:additional copy. . -

The ‘author of this article, a biologist and science educ tor, once
.believed that pure science is amoral and that only its applications
through technology are subject to moral Judgments. However, recent
scientific developments, particularly in’'genetics, have led him to
question-this generalization. He ‘has not lost faith in science, but
he now calls for cooperation between science educators and sdcial
studies educators in discovering and testing ways of teaching and
learning about science and socfal ‘policy. ! ' . S




