The cultural changes that were in
volved in the gradual domestication of
the cereal grains and legumes cannot be
reconstructed from archeological evi-
dence in any detail, and for the present
hypothesis they are not critical. The prin-
cipal point is that geologic, climatic, bio-
logic, and cultural conditions in the foot-
hills of the Zagros-Taurus Mountains
11,000 years ago or shortly thereafter
were for the first time combined in a
manner favorable for plant domestica-
tion. The success of the cultural transfor-
mation that ensued is attested by the
relatively rapid spread of agriculture to
other parts of temperate Eurasia, and by
the increased complexity of sociopoliti-
cal organization in the Near East based
on an agricultural economy.

If the Mediterranean-type vegetation,
including the three cereal grains and le-
gumes in question, thrived in the late
Pleistocene in some refuge such as north-
western Africa, one might reasonably
ask why these plants were not domesti-
cated there and then. Perhaps the other
elements in the formula were not suit-
able. Moroccan prehistory is not well
known. Certainly there is no record of
domesticated plants until long after the
events described here (28). In any case,
it should be possible to design archeologi-
cal and paleoecologic studies in Moroc-
co—especially in the Atlas Mountains—
to test many aspects of the hypothesis.
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Integration of facts and values requires the scientific

study of human judgment.
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certain how scientific facts are to be
integrated with social values. For their
part, scientists are uncertain whether
their contributions should be restricted
to presenting the facts, thereby leaving
the policy judgment entirely to the politi-
cal decision-makers, or whether they
should also advise politicians which
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One principal reason for the ‘“‘endless
debate’ is that scientific progress has
increasingly come to be judged in the
context of human values. These judg-
ments find their ultimate expression in
the forming of public policy because it is
during that process that the products of
science and technology are integrated, or
aligned, with human values; it is during
that process that scientific and tech-
nological answers to questions of what
can be done are judged in the context of
what ought to be done.

The key element, therefore, in the
process of integrating social values and
scientific facts is human judgment—a
cognitive activity not directly observable
and generally assumed to be recoverable
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only by (fallible) introspection and “‘self-
report.”” These characteristics, among
others, have led to the general belief that
human judgment is beyond scientific
analysis and therefore little has been
learned about the cognitive activity that
produces crucial decisions. The in-
tegration of social values and scientific
information in the effort to form public
policy remains largely a mystery.

The fact that an essential element in
the policy formation process remains a
mystery has serious consequences, one
of which is a search for safeguards.
Means must be found to avoid both poor
judgments and self-serving judgments.
Two general methods have been recom-
mended by scientists for these purposes:
(i) the adversary method, in which scien-
tists with differing judgments are pitted
against one another in front of a judge or
jury, or both, and (ii) the search for and
use of scientists who have somehow
gained a reputation for wisdom in the
exercise of their judgment. Neither of
these methods provide enlightenment
with regard to the judgment process that
produces the ultimate decision. Con-
sequently, we reject both methods be-
cause they are ‘‘ascientific’’; they leave
the body politic at the mercy of a cogni-
tive activity which remains as much a
mystery as ever.

We contend that policy judgments can
be brought under scientific study and, as
a result, a process that is now poorly
understood can be examined, under-
stood, assisted, and thereby improved.
To support this contention we describe a
scientific framework for integrating (i)
scientific information (the province of
scientists) and (ii) social value judgments
(the province of the electorate and their
representatives) in a manner that is scien-
tifically, socially, and ethically defen-
sible, and offer an example of its use.
First, however, we briefly consider two
contrasting viewpoints concerning the
role of science and scientists in the body
politic.

Contrasting Viewpoints of the
Role of the Scientist

There are two main viewpoints; one is
that scientists should merely present un-
biased information, while the other is
that scientists should provide advice
with rega‘rd to the implications of scientif-
ic information. The first view can be
illustrated by the comments of Phillip
Handler, president of the National Acad-
emy of Sciences (NAS), in an interview
with Otten, of the Wall Street Journal.
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Otten (3) writes: ‘“‘Once the scientific
community has presented the facts, how-
ever, it must leave final decisions to the
policy-makers and the public, Mr. Han-
dler asserts. ‘Science can contribute
much to enhancing agricultural produc-
tion, but American policy with respect to
food aid is not intrinsically a scientific
question.” Similarly, science can study
whether energy independence is techni-
cally feasible or whether Soviet under-
ground nuclear tests can be detected, but
[Handler] insists, [scientists] must then
let regular policy-makers decide whether
to try for energy independence or just
what arms control proposals to put to the
Russians.”” Otten concluded that ‘‘Both
science and government seem well
served by this reasonable man.”’

Handler’s viewpoint as represented in
the above quotation is exactly in accord
with the two Executive Orders (1918,
1956) concerning the role of the National
Research Council. These documents in-
dicate that scientists are to render infor-
mation to those who are entitled to re-
ceive it, but they do not imply that scien-
tists should offer their judgment as to
what public policy should follow from
their studies.

In practice it may be impossible not to
offer such judgments. With the ever-in-
creasing reliance of society on science
and technology it is difficult to imagine
how modern scientific information could
be conveyed to nonscientists without
providing such judgments. In a recent
editorial in Science, Boulding () argued
that if policy judgments were not offered
by scientists, they would be demanded by
politicians.

Every decision involves the selection among
an agenda of alternative images of the future,
a selection that is guided by some system of
values. The values are traditionally supposed
to be the cherished preserve of the political
decision-maker, but the agenda, which in-
volves fact or at least a projection into the
future of what are presumably factual sys-
tems, should be very much in the domain of
science. . . . [But] if the decision-maker sim-
ply does not know what the results of alterna-
tive actions will be, it is difficult to evaluate
unknown results. The decision-maker wants
to know what are the choices from which he
must choose [italics ours].

Toulmin (5, pp. 102-103) goes further
than Boulding. Whereas Boulding notes
that politicians may demand policy judg-
ments from scientists, Toulmin argues
that it may be part of the scientists’
responsibility to offer policy judgments
before such judgments are requested by
political decision-makers. Thus, ‘‘In the
early days, the picture was always of the
politician as the man who first formu-
lated for himself questions about the po-

litical options, about the choices he had
to make: on this view, he subsequently
turned to people called ‘technical advi-
sors’ and asked them how to do this or
that, how much each option would cost,
and so on. A lot of people still see the
relationship between the scientist or
technologist and the politicians on this
model. . . .”> But, Toulmin observes,
““. .. even during [World War I1] scien-
tists were being transformed into people
who could very often see a fresh range of
policy options before the politicians
could.”” Significantly, Toulmin notes that
“To some extent, the institutional rela-
tionships between politics and science
have not yet caught up with this
change.” .

Thus, Toulmin points out that the deci-
sion-maker not only wants to know ‘‘the
choices from which he must choose,’” as
Boulding put it, but he also wants to
know which choice the scientist thinks
he should choose. Senator Muskie’s call
for a ‘“‘one-armed scientist”’ (one who
would not qualify his advice with ‘‘on
the other hand’’) exemplifies the politi-
cian’s demand for an unequivocal an-
swer to the question of what ought to be
done as well as to that of what can be
done.

This situation has not escaped the at-
tention of students of the role of scien-
tists in the formation of public policy.
The presence of, the demand for, and the
exercise of value judgments has led to a
sharp focus on the values, and thus on
the motives, of the scientists who partici-
pate in the preparation of NAS reports
that affect public policy.

The Focus on Scientists and Their Motives

In his book The Brain Bank of Ameri-
ca 6, p. 54) Boftey attributes self-serv-
ing motives to scientists who provide
information and advice to the govern-
ment within the framework of NAS com-
mittees, and thus questions their objec-
tivity and honesty. For example:

The Academy claims that the most distinctive
feature of its committees is that they are inde-
pendent of any pressures of special inter-
ests. . . . But the Academy’s record in recent
years suggests that its protestations of Su-
preme Court impartiality should not be taken
at face value. In actual practice, many of the
Academy’s reports have been influenced by
powerful interests that have a stake in the
questions under investigation.

Boffey admits, however, that ‘““We
found no cases of direct, personal con-
flict of interests at the Academy—no cas-
es, for example, where a committee
member profited financially as a direct
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result of the advice he rendered’” (6, p.
54). The charge that ‘“‘many of the Acad-
emy’s reports have been influenced by
powerful interests’ is directed toward
the broader social and political motives
which he claims influence scientists’
judgments.

.The NAS has already accepted the
principle that the motives of scientists
must be examined. Boffey 6, p. 87)
notes with approval that the NAS de-
mands a ‘‘bias statement’ from the sci-
entists who provide information to the
government, a report that is intended to
reveal one’s true interests, as may be
inferred from a list of ‘‘all jobs, consul-
tantships, and directorships held for the
past 10 years, all current financial inter-
ests whose market value exceeds
$10,000, or 10 percent of the individual’s
holdings: all sources of research support
for the past five years, and any other
information, such as public stands on an
issue which ‘might appear to other rea-
sonable individuals as compromising of
your independence of judgment.’ *” Thus
the NAS has already fallen victim to the
ethic of the lawyer (and the journalist).
Trust no one, is the rule, unless they can
offer this negative proof: I am not now,
nor have I ever been, under the control
of any incentive to lie, cheat, or other-
wise compromise my judgment. Where-
as this approach may begin with a
request for a ‘‘self-report’” on sources of
bias, it seldom ends there, as scientists
know all too well. Investigation is under-
taken by others, and by other means,
precisely because the focus has been
successfully turned away from methods
to persons and their motives.

The results of the focus on persons
and their motives can be seen in Polsby’s
review (7) of Boffey’s book. Polsby in-
dicates what the results might have been
had he taken a similar approach in his
review by raising suspicions about Bof-
fey’s impartiality and thus his motives.
That is, by using ‘‘Boffey’s own primary
method of demonstration: a glance at
somebody’s background gives a ‘motive’
for selected characteristics of his per-
formance,”’ Polsby finds that ‘‘Boffey’s
employer for the writing of this book was
Ralph Nader (identified as ‘consumer
champion Ralph Nader’ on p. 186), who
of late has gotten rather heavily into the
business of sponsoring exposés of estab-
lishment-type establishments. . . . Under
these circumstances of employment,
could Boffey have done other than to
produce an attack, no matter how flim-
sily founded, on the Academy?’’ (7, p.
666).

Polsby’s review shows the customary
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result of such mutual destruction. Bof-
fey’s approach, he concludes, ‘‘is only
good for so much mileage. ... Arbi-
trarily imposing the symmetrical assump-
tion . . . that Boffey and the Academy
are both fatally incapacitated by conflict
of interest has the effect of condemning
both the Academy and the book out of
hand”’ (7, p. 666). In short, because nei-
ther the critic nor those criticized can be
trusted, the reader, the consumer, and
the public remain buried in doubt as to
where the truth lies. Thus, Polsby ac-
knowledges that, ‘‘After reading The
Brain Bank of America 1 do not know
what to think about the Academy as an
organization for evaluating the state of
scientific knowledge’ (7, p. 666). In all
likelihood, Polsby is not the only reader
of Boffey’s book who no longer knows
what to think about the Academy.

It is precisely because scientists have
learned that it is not only fruitless, but
harmful, to focus on persons and their
motives that they have learned to ignore
them in their work as scientists. When
scientists look for the truth and the truth
appears to be in doubt, neither scientific
work nor the scientific ethic requires the
investigation of the characteristics of the
person working on the problem; instead,
they require the analysis of the method
by which the results are produced. Un-
fortunately, in the confusion of the ‘‘end-
less debate’’ there has been a tendency
to forget the scientific procedure and its
associated ethics. The focus on persons
and their motives has led not only to the
filing of bias statements but to the advo-
cacy of the adversary method for the
settlement of disputes about the truth—a
method which is ascientific not only in its
procedure, but in its greater commitment
to victory rather than to truth.

Scientists as Adversaries

The concept of a ‘‘science court”
reached Congress several years ago
when Kantrowitz (8) urged that members
of Congress ‘‘appoint a science advocate
for (each) side of the story....”” He
further suggested that a procedure be
worked out which would be ‘‘modeled
on the judicial procedure for proceeding
in the presence of scientific con-
troversy.”’ The final judgment would be
exercised by a group of scientific judges
who would cross-examine each other
and challenge each other’s position. Kan-
trowitz’s argument is currently being giv-
en serious consideration by members of
the scientific community. Physics Today
(published by the American Institute of

Physics) recently indicated that a science
court was worth trying, as did H. Guy-
ford Stever, director of the National Sci-
ence Foundation (9).

Members of the scientific community
are not unanimous, however, in their
appraisal of the value of the adversary
system, as the following interchange be-
tween Platt, Dror, and Waddington in a
Ciba symposium indicates (10, p. 210):

PLATT: In the U.S. . . . we are beginning to
have something called ‘‘adversary science,”
where scientists speak on public issues, doing
their best, like lawyers, for a particular side,
and then in a later case perhaps doing their
best for the opposite side. The hope is that in
this kind of open confrontation, as in a court
of law, one comes closer to the truth than by
having just accidents of committee structure
or unanswered polemics decide the matter.

WADDINGTON: | would strongly oppose that
way of advancing science.

PLATT: But somebody should make the total
case for a nuclear plant, and somebody should
make the total case against the plant for envi-
ronmental reasons, so that we can see all of
both sides before we decide.

Dror: Why shouldn’t the two sides make
two balanced presentations for and against?
Why total . . . ?

PLATT: Do you know a better system?

Dror: Yes, reliance on professional judges
in courts; and careful policy analysis on televi-
sion for the public.

PLAaTT: Who judges the judges?

Dror: Who judges the juries?

WADDINGTON: That is a piece of politics, not
a piece of learning. Learning is not advanced
by legal procedures.

The above interchange not only in-
dicates a divergence in viewpoint with
regard to a science court and illustrates
the morass (Who judges the judges? Who
judges the juries?) into which scientists
can be drawn because of the focus on
persons, but it also points to the unpro-
ductiveness of the effort. Even if the
concept of a science court were to be
accepted by scientists, and even if scien-
tists could be persuaded to make the
“total case for (say) a nuclear plant”
(10, p. 201), the adversary procedure
would indicate only who had been
judged to be the winner in the arena of
competing scientific facts and scientific
judgments. Integration of scientific judg-
ments with social values would remain
buried in the minds of the judges and the
juries (and their judges); the ‘‘endless
debate’” would not be terminated.

It remains to be seen whether a sci-
ence court, with its judges and juries and
its ascientific adversary proceedings in
which one scientist is pitted against an-
other will be accepted by scientists. In
any event, scientists not advocating the
adversary method recommend a differ-
ent ascientific method, the person-ori-
ented approach.
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Scientists’ Advocacy of the

Person-Oriented Approach

When scientists have addressed them-
selves to the function of human judgment
in policy formation they have treated the
unexamined intuitive abilities of persons
as though they were somehow superior
to the scientific method. For example, in
its report on technology assessment to
the House Committee on Science and
Astronautics, the Committee on Public
Engineering Policy (COPEP) of the Na-
tional Academy of Engineering observed
(I1, p. 17) that ‘“‘applying only cause-
effect [i.e., scientific] methods to tech-
nology-initiated studies produces a mass
of data but few broad conclusions.’” Ap-
parently assuming that it had no other
recourse, the committee called for *“. . .
contributions of talented individuals or
groups who can intuitively perform anal-
ysis and evaluations . . . ,”’ an approach
which ‘“‘demands an integrated com-
bination of information and value judg-
ments that cannot always be formulated
explicitly.”

Not only does the COPEP report illus-
trate the advocacy of a person-oriented
approach to the combination of ‘‘infor-
mation and value judgments’’ that ap-
peals to the mysterious as a substitute
for the scientific method, it provides a
clear case of the failure to recognize that
it is precisely such person-oriented
‘‘combinations of information and value
judgments that cannot always be formu-
lated explicitly’’ that are defenseless
against charges of self-serving bias.

Skolnikoff and Brooks (12) were criti-
cal of the NAS study of science and
public policy-making because it sug-
gested that persons who provide science
advice should have personal qualities of
“intelligence, wisdom, judgment, hu-
manity and perspective’’ on the ground
that ‘““These qualities are so obviously
desirable for anybody in a high position
that they are hardly helpful criteria.”
Yet they are as willing as COPEP or the
NAS committee to let the process of
combining facts and values remain sub-
ject to the unexamined vagaries of hu-
man judgment. For example (12, p. 38):

Judgment on both technical and nontechnical
issues and on their interaction is thus required
[on policy issues]; a logically reasoned single
answer is not possible. Judgment is necessari-
ly affected by biases, policy preferences,
ignorance, differing estimates of the non-
technical factors, and other vagaries. There is
nothing wrong with this; it is unavoidable.

But there is something wrong with
this, and this situation is avoidable.
What is wrong is that both solutions
indicated above focus on persons rather
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than on method, and both confuse scien-
tific and valuative judgments. That is bad
practice; it is bad for scientists, bad for
leaders in government, and bad for the
public that both are trying to serve. It is
bad because it condones and encourages
confusion of thought and function, sub-
stitutes an appeal to the unknown in
place of the knowable, and makes scien-
tists easy targets for charges of self-serv-
ing bias. The argument advanced by
Skolnikoff and Brooks merely puts a
brave face on a bad situation, for they
imply that because scientific and valu-
ative judgments cannot be separated
there is nothing wrong with confusing
them. That argument suggests that if
such judgments could be separated, it
would be wrong to confuse them. We
argue that, from the point of view of
science, it is not impossible in principle
or in practice to achieve such a separa-
tion (/3).

A scientific approach toward the role
of judgment would be quite different
from the person-oriented approach that
is embedded in the adversary system. A
scientific approach would emphasize
that judgment is a human cognitive activi-
ty and is therefore subject to scientific
analysis, as are all natural phenomena.
The premises of a scientific approach to
the relation of science to public policy
are: (i) human judgment is a critical part
of the policy-making process; (ii) it is a
part of the process that remains poorly
understood; and (iii) it might well be
improved through scientific study. Rath-
er than searching for persons who pos-
sess mystérious talents, or indicating
that the present situation is unavoidable,
the scientific approach to this problem
would be similar to the scientific ap-
proach to all problems: carry out theo-
retical and empirical analyses of the pro-
cess in a manner that is subject to criti-
cism and that provides cumulative
knowledge.

The remainder of this article (i) pro-
vides an example that illustrates the so-
cial costs of employing the adversary
system and the person-oriented ap-
proach and (ii) outlines a scientific frame-
work for integrating scientific informa-
tion and social values in the formation of
public policy (14).

An Example of Contrasting Approaches

In 1974, the Denver Police Depart-
ment (DPD), as well as other police de-
partments throughout the country, decid-
ed to change its handgun ammunition.
The principal reason offered by the po-
lice was that the conventional round-

nosed bullet provided insufficient *‘stop-
ping effectiveness’’ (that is, the ability to
incapacitate and thus to prevent the per-
son shot from firing back at a police
officer or others). The DPD chief recom-
mended (as did other police chiefs) the
conventional bullet be replaced by a hol-
low-point bullet. Such bullets, it was
contended, flattened on impact, thus de-
creasing penetration, increasing stopping
effectiveness, and decreasing ricochet
potential.

The suggested change was challenged
by the American Civil Liberties Union,
minority groups, and others. Opponents
of the change claimed that the new bul-
lets were nothing more than outlawed
“dum-dum’’ bullets, that they created
far more injury than the round-nosed
bullet, and should, therefore, be barred
from use. As is customary, judgments on
this matter were formed privately and
then defended publicly with enthusiasm
and tenacity, and the usual public hear-
ings were held. Both sides turned to
ballistics experts for scientific informa-
tion and support.

Adversary, Person-Oriented Approach

From the beginning both sides focused
on the question of which bullet was best
for the community. As a result of focus-
ing on bullets and their technical ballis-
tics characteristics, legislators and city
councilmen never described the social
policy that should control the use of
force and injury in enforcing the law;
they never specified the relative impor-
tance of the societal characteristics of
bullets (injury, stopping effectiveness, or
ricochet). Instead, the ballistics experts
assumed that function. When the legisla-
tors requested their judgment as to
which bullet was “‘best,”” the ballistics
experts implicitly indicated the social
policy that should be employed. That is,
in recommending the use of a specific
bullet, they not only implicitly recom-
mended specific degrees of injury, stop-
ping effectiveness, and ricochet, but also
recommended a social policy regarding
the relative importance of these factors.
In short, the legislators’ function was
usurped by the ballistics experts, who
thus became incompetent and unauthor-
ized legislators—incompetent because of
their lack of information about the social
and political context in which a choice
would be made; unauthorized because
they assumed a function for which they
had not been elected.

In parallel fashion, the ballistics ex-
perts turned their scientific-technical
function over to those who should have
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formed social policy—the legislators.
When the experts presented scientific
information to policy-makers about vari-
ous bullets, they found themselves dis-
puting ballistics data with legislators who
preferred a different type of bullet. Thus,
the legislators, none of whom were ballis-
tics experts, in their turn served as in-
competent ballistics experts in the hear-
ings.

When legislators and scientists accept
the adversary system with its con-
comitant person-oriented approach as
the primary means for integrating sci-
ence and social values, they may expect
to find a reversal of roles, and when
scientists accept the person-oriented ap-
proach they may expect to be confronted
by challenges to their objectivity (15).
The outcome is well represented by the
comment of one legislator who said to an
opponent (16): ‘““You have your expert
and we have ours. . . .”

A Scientific Approach

We now consider, by way of an ex-
ample, a scientific method for integrating
scientific information and social values
that is scientifically, socially, and ethical-
ly defensible. This method was em-
ployed in solving the dispute about hand-
gun ammunition for the police as de-
scribed above. A broad outline of the
method is presented (/7).

The general framework of the method
as it was applied to the above problem is
shown in Fig. 1. Basic to any policy
involving scientific information are objec-
tively measurable variables (Fig. 1, left).
Scientific judgments regarding the poten-
tial effects of technological alternatives
are also required (Fig. 1, middle). Final-
ly, social value judgments by policy-
makers or community representatives
are necessary (Fig. 1, right). The overall
acceptability of an alternative is deter-
mined by how closely its potential ef-
fects satisfy the social values of the com-
munity.

Application of this framework to the
bullet dispute involved three phases: (i)
externalization of social value judg-
ments; (ii) externalization of scientific
judgments; and (iii) integration of social
values and scientific judgments. Each
phase is discussed in turn.

Phase 1: Externalizing Social
Value Judgments
The participants in phase 1 included

the mayor and city council, other elect-
ed officials, representatives of the DPD
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(including the chief), and official repre-
sentatives of community organizations,
including minority groups and members
of the general public. Each person was
asked to make judgments concerning the

relative desirability of hypothetical bul-
lets, described in terms of their (i) stop-
ping effectiveness, (ii) severity of injury,
and (iii) threat to bystanders. These val-
ue judgments were made at the console

SCIENTIFIC SCIENTIFIC SOC/AL
DATA JUDGMENT JUDGMENT
wesht (X
INJURY
MUZZLE (e
VELOCITY
STOPPING
KINETIC  (p EFFECTIVENESS ACCEPTABILITY
ENERGY >
o
o
: THREAT
others (X7

Fig. 1. A pictorial representation of a framework that combines scientific facts with social

values.
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Fig. 2. A reproduction of a participant’s interactive computer display of relative weights and
functional relations. FN, function; NEGLIN , negative linear; NONLIN , nonlinear.
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of an interactive computer terminal. Af-
ter their judgments were made, the par-
ticipants were immediately shown the
relative importance they gave to each of
these three functional characteristics of
bullets. That is, a statistical analysis was
carried out on the data and the results
were then displayed at the terminal for
the participant to observe (I8). In addi-
tion, each participant was shown the
form of the relation (linear, curvilinear)
between his or her judgment and each of
the three characteristics mentioned
above. In this way, each participant saw
the relative importance he or she at-
tached to stopping effectiveness, injury,
and threat to bystanders, as well as the
optimal point for each (a typical display
is shown in Fig. 2).

After viewing the display, the partici-
pants were asked if the results reflected
their considered judgment. The data, cor-

INJURY

rected when necessary, were then
stored, and a cluster analysis was carried
out in order to discover whether differ-
ent groups held different judgment poli-
cies. Widely differing policies with re-
gard to the relative importance of each
characteristic were found, although the
functional relations between bullet char-
acteristics and judgments were all found
to be approximately linear in form.

The above procedure provides objec-
tive, visible data not otherwise available.
The same procedure was used to exter-
nalize the required scientific judgments.

Phase 2: Externalizing Scientific
Judgments
A panel was assembled that included

one firearms expert, one ballistics ex-
pert, and three medical experts in wound

0 10 20 30 40
STOPPING EFFECTIVENESS

50 60 70 80 90 100

Fig. 3. The average ratings of stopping effectiveness and injury are plotted above. Each point on
the graph represents a bullet. The diagonal line, determined by linear regression analysis,
indicates the average value of injury for bullets with a specific level of stopping effectiveness.
Bullets above the line produce more injury than the average bullet with the same stopping
effectiveness; bullets below the line produce less injury.

SOCIAL VALUE JUOGMENTS: Relative
Importance of Outcome Dimensions

ANALYTICAL
3y A v INTEGRATION
DEGREE OF OF SOCIAL VALUE
= X, w, X, + W, X
ACCEPTABILITY: W “/ M f 3 “3 AND SCIENTIFIC

JUOGMENTS

SCIENTIFIC JUDGMENTS: Predicted
Magnitude on Outcome Oimensions

Fig. 4. A schematic representation of the analytical combination of scientific facts and social

values.
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ballistics. The judgments of these ex-
perts provided scientific information re-
garding the stopping effectiveness, sever-
ity of injury, and threat to bystanders of
80 bullets. The data for these bullets
were obtained from the National Bureau
of Standards. Each dimension (stopping
effectiveness, injury, and threat to by-
standers) was judged separately for each
of the 80 bullets; agreement among the
experts was found to be quite high (/9).
Only the results for stopping effective-
ness and injury are summarized here, as
these were the central factors in the con-
troversy.

Three factors were found to be impor-
tant in judgments of stopping effective-
ness: (i) The maximum diameter of the
temporary wound cavity; (ii) the amount
of kinetic energy lost by the bullet in the
target; and (iii) the muzzle velocity of the
bullet. The close, but not perfect, rela-
tion between stopping effectiveness and
injury (shown in Fig. 3) is reflected in the
fact that independent judgments of poten-
tial injury were positively related to the
amount of kinetic energy lost, maximum
diameter of the temporary cavity, and de-
gree of penetration.

The data in Fig. 3 are important be-
cause they suggest that, contrary to pre-
vious, unexamined assumption, there is
not a perfect relation between stopping
effectiveness and injury; increasing one
does not necessarily increase the other.
These data illustrate the value of scientif-
ic information by indicating the possi-
bility of finding a bullet that increases
stopping effectiveness without increas-
ing injury (20).

Phase 3: Integrating Social Values

and Scientific Information

Social value judgments and scientific
judgments were combined by means of
the equation in Fig. 4, where the separa-
tion and combination of the judgments

of policy-makers and scientists-tech-

nologists may be seen. We used the fol-
lowing algebraic form of this equation

Yy = WXy + WX, + WX,

where Y, is the overall acceptability of a
bullet; W;, j = 1, 3, indicates the weight,
or relative importance policy-makers
placed on stopping effectiveness, injury,
and threat to bystanders; and X, j =1,
3 are the experts’ judgments regarding
stopping effectiveness, injury, and threat
to bystanders.

Because phase | resulted in a variety
of different weights on stopping effective-
ness, injury, and threat to bystanders,
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the city council took all three factors in-
to consideration by placing equal weight
on each. As a result, when considering
stopping effectiveness and severity of in-
jury only, the appropriate bullet is one
which lies farthest from the line of aver-
age relation in Fig. 3, this distance from
the line being measured perpendicularly
from the point to the line. Bullet 9 in Fig.
3 satisfies this criterion. It has greater
stopping effectiveness and is less apt to
cause injury (and less apt to threaten by-
standers) than the standard bullet then in
use by the DPD (bullet 57). In addition,
butlet 9 (a hollow-point bullet) is less apt
to cause injury than is bullet 17, the hol-
low-point bullet recommended by the
DPD. Bullet 9 was accepted by the city
council and all other parties concerned,
and is now being used by the DPD (217).

Finally, three points should be men-
tioned with regard to the application of
judgment analysis to the above problem.

1) Intense political and social conflict
existed prior to our participation in the
project. During the controversy a Den-
ver police officer was killed by a hollow-
point bullet; as a result, hundreds of po-
licemen staged a march that ended in de-
mands on both the police chief and the
governor that the police be permitted to
use hollow-point bullets. Members of the
city council and others seemed con-
vinced that the usual adversary methods
had failed, and that they faced a dan-
gerous impasse. The fact that the above
procedures were used in these circum-
stances indicates that elected officials
and special interest groups can accept a
scientific approach to critical social prob-
lems, even when they have become im-
mersed in sharp political dispute. More-
over, interviews with members of the
city council and others not only in-
dicated a high degree of satisfaction with
the procedure but appreciation of its im-
personal approach as well.

2) The procedures were applied to
complex technical judgments. As far as
we could determine, at the time of the re-
search no standard quantifiable defini-
tion of severity of injury (with regard to
handgun ammunition) had ever been de-
veloped. Moreover, in developing such a
definition, and in making their judg-
ments, the ballistics experts considered
11 distinct characteristics of handgun am-
munition.

3) The procedure is general in nature.
Despite the apparent simplicity of the
framework presented in Fig. 4, judgment
analysis can be applied to a variety of
complex problems involving value judg-
ments and scientific judgments by differ-
entiating the elements in Fig. 4 in a hier-
archical fashion (22).
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Scientific Defensibility

The above method is scientifically de-
fensible, not because it is flawless (it
isn’t), but because it is readily subject to
scientific criticism. It is vulnerable to
such criticism (i) because its aim is to
meet appropriate standards regarding
replication, quantification, and logic for
the problem under study (an aim all sci-
entific efforts share) and (ii) because the
procedure for achieving that aim is pub-
lic (as all scientific effort must be). The
locus and degree of imperfection in meth-
od and procedure are thus available for
public inspection and subsequent im-
provement. In short, the process pro-
vides the opportunity for cumulative
knowledge, as scientific efforts should.

Social Responsibility

The above method is socially respon-
sible because it provides a public frame-
work for (i) separating technical, scientif-
ic judgment from social value judgments
and (ii) integrating them analytically, not
judgmentally. The separation phase per-
mits elected representatives to function
exclusively as policy-makers, and scien-
tists to function exclusively as scientists.
Neither role is confused or exchanged be-
cause policy-makers are not forced to be-
come amateur scientists, nor are scien-
tists required to make judgments on
public policy. The integrative phase
provides an overt, rather than covert,
process for combining facts and values.
Because the social values in the commu-
nity are identified before the decision is
implemented, the decision process is not
seen to be a mere defense of a pre-
determined choice; rather it can be evalu-
ated in terms of its rational basis before
the final choice is made.

Ethical Standards

Ethical and scientific standards con-
verge in the process of combining facts
and values because both scientific ethics
and public ethics require controls against
bias. Scientific control against bias is il-
lustrated by the use of the double-blind
control in experiments; in the above pro-
cedure public control against bias is car-
ried out by a similar blindness. That is,
the method described above has the ad-
vantage of situating all parties (policy-
makers, scientists, and the public) be-
hind what Rawls (23, p. 136) calls ‘‘a veil
of ignorance.’’ It fits Rawls’ requirement
that the participants should not ‘‘know
how the various alternatives [would] af-

fect their own particular case and they
are obliged to evaluate principles solely
on the basis of general considerations.”
In the approach described above, the
technical experts were not aware of the
relative importance the policy-makers
placed on the three societal character-
istics of bullets, nor were the policy-
makers aware of the technical judgments
made by the scientists-technologists in
regard to specific bullets. In short, by im-
plementing Rawls’ veil of ignorance,
both scientific and ethical standards
were met.

Conclusion

Current efforts to integrate scientific
information and social values in the form-
ing of public policy are confused and de-
feated by the widespread use of ascientif-
ic methods—the adversary system and
the person-oriented approach. The ad-
versary system suffers from an ascientif-
ic commitment to victory rather than
truth; the person-oriented approach suf-
fers from an ascientific focus on persons
and their motives rather than on the ade-
quacy of methods. The reason for the
widespread use of both lies in the failure
to recognize that human judgment can be
brought under scientific, rather than ad
hominem, analysis. The argument ad-
vanced here is that a scientifically, so-
cially, and ethically defensible means for
integrating science and human values
can be achieved.
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Computing in the Liberal Arts

College

At Dartmouth, writing a computer program is part

of becoming a liberally educated person.

At Dartmouth College about half of
the courses that use computer programs
are in the social sciences or the humani-
ties. Such use requires that under-
graduate computing be discussed in a
context broader than the sciences alone.
Writing and using a computer program
has become a general skill capable of wide
application in a liberal arts education.
Last year's course computing involved
one-quarter of the faculty and three-
quarters of the students.

This widespread activity is the result
of three fundamental factors. First, Dart-
mouth’s convenient computer system al-
lows a student to learn to write a comput-
er program in a few hours. Second, the
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system, like the library, is open to the
whole campus. Third, the system has
been supplying these services to the cam-
pus for 10 years. The purpose of this
article is twofold: to provide evidence
from Dartmouth College that when such
a computer system is made widely avail-
able it will be widely used, and to suggest
that learning to write a computer pro-
gram must now be considered part of
becoming a liberally educated person.
The subject is a timely one for several
reasons. Recent data at Dartmouth sug-
gest that computing will mature after a
period of growth. This mature use pro-
vides several measures against which a
college or university new to educational
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computing can gauge its own growth.
Also, computing at Dartmouth grew up
largely before the fragmenting forces of
minicomputers and access to national
networks increased the difficulty of col-
lecting data on equipment use (/). There-
fore, the records of the central computer
at Dartmouth provide a good estimate of
the campus computing activity, past and
present, and yield a more precise picture
than that possible on many campuses.

In the discussion that follows, data on
the maturing use of computing in instruc-
tion lead to a quantitative picture of what
computing means to the faculty member
and to the student. The results of a re-
cent series of interviews with instructors
who use computer programs in their
courses support the quantitative descrip-
tion of use and suggest that the ability to
write a computer program is essential for
the science student and extremely conve-
nient for the social science student. The
data show that students at Dartmouth
frequently encounter the use of comput-
er programs in their studies and that the
ability to write a program is a skill they
are likely to acquire. Finally, the dis-
cussion concludes with the suggestion
that the appropriate term to describe the
spread of this skill is the computing liter-
acy rate.
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on academic computing strategies; his address is 3
Spruce Street, Boston, Massachusetts 02108.
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