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CHAPTER I
INTRODUCT ION

"The newly developing countries are eager for science and technology.
They have seen that they bring to its possessors power over nature, life,
death, sickness, and people. Only religion, it seems, has affected the
1ives of men as profoundly as has techno1ogy."1 Some would perhaps argue
with the Jast statement. However few could argue that science has profoundly
affected modern man. For better or for worse, science and technology have
become a principal foundation of modern American society. With the develop-
ment of science and technology has come accelerated change, a phenomenoﬁ
to which contemporary man is struggling to adapt. Additionally modern
science has provided man power over many aspects of nature, but not always
wisdom in applying this power. These two difficulties are presently
considered of chief importance in educating future generations. Can we
educate young people in science and technology such that they can cope
with accelerating change? Can we help them evolve an ethic that will enable
them to use wisely the technological powers they will inherit? What is the
present attitudinal structure which guides student interactions with science
and technology? Before considering these questions, it is necessary to view
science education within the framework of American education.

Education in the United States has been patterned predominantly on the
educational strategies and institutions of Western Europe. However, two
important evolutions have occurred that resulted in the American system
possessing individual characteristics quite apart from European systems.

The first of these was the evolution from an education for the elite to an

education for everyone. The early 1600's saw the establishment of



educational institutions for male students from predominantly well-to-do
families. By the twentieth century the states had assumed financial
responsibil1ity for providing education to all students. The past twenty
years has witnessed an exponential increase in the need for a high school
diploma and subsequent college training. Many suggest that education has
widened 1ts responsibility from the elite to the masses because of the need
for an educated electorate to maintain a successful demodracy. Others argue
that the philosophy of democracy recognized education of the elite as an
inconsistency and thus broadened and democratized the role of education.
Whatever the case may be, American education has distinguished itself in its
attempt to provide as much education to as many people who desire it.

As education expanded to include individuals of various intellectual
abilities and desires, so did the curriculum expand to provide a variety of
educational experiences. Indeed American education is characteristic in its
attempt to provide an education that has become functional and closely
related to the daily concerns of its citizenry. As American education
evolved from education for the elite to education for the masses, science
education has assumed an increasingly functional role in providing a citizenry
cognizant of the technology surrounding it.

The evolution of science education in these directions is more apparent
in the changes that have occurred during the past twenty years. The first
group of science curricular projects was undertaken in the 1950's and
focused upon an attempt to upgrade elementary and secondary preparation in
the sciences. These projects.attempted to upgrade the content of science
courses as well as promote student inquiry and involvement. However,’in
these attempts, they satisfied the needs of only a very few students of

exceptional intelligence who were interested in specializing in science.



American schools were full of many less exceptional students, who were being
inadequately served by these curricula. Thus the early 1960's saw another
wave of science curricular projects that attempted to provide a variety of
experiences and resources. The emphasis was placed upon meeting the needs
of as many students of diverse abilities and interests as possible. The
latest curricular projects are attempting to fashion curricula which prepare
students to understand and deal effectively with the scientific society in
which they 1ive. Such outcomes may or may not be assumed to be related to
either the process or content of science, depending upon the particular
jndividuals involved in the project. Thus science education has within the
past twenty years evolved from education for the elite to education for the
majority; from consideration of the content of science toward consideration
of the ethics of science.

In the midst of this evolution scientists and science educators have
attempted to set down explicitly the aims of science education. Of most
recent importance has been the discussion of 'scientific literacy'. A large
number of individuals have attempted to identify the components of 'scientific
literacy' necessary for a citizen in today's society. Pella gg_gl.,z attempted
to define scientific literacy in terms of the most frequently mentioned
components present in papers presented by scientists and science educators.
These components were:

(1) understanding the interrelationship between science
and society

(2) understanding the ethics of science

(3) understanding the nature of science

(4) knowledge of the concepts of science

(5) understanding the difference between science and
technology

(6) understanding the interrelationship between the
sciences and the humanities.

The first three components were mentioned nearly twice as often as the last



four, and thus are the most universally accepted components. In considering
this 1ist, essentially four aspects of science become apparent. Scientific
literacy apparently consists of an understanding and knowledge of: (a) the
content of science, (b) the processes and methods of science, (c) the ethics
underlying science, and (d) the interrelationship of science and other aspects
of society.

Understanding the interrelationship of science and society has of late
received the most attention in discussions concerning scientific literacy.
The justification for inclusion of this as a component of scientific literacy
has been argued primarily on the need for continued financial support of
science. Many funding decisions concerning science are made by individuals
not trained in science. Thus there arises considerable need for the
individuals in these positions to recognize the degree to which modern
American society is dependent upon science, as well as science's dependence
upon the society. Parsons has noted: "“Science is intimately integrated
with the whole social structure and cultural tradition. They mutually
support one another - only in certain types of society can science fluorish,
and conversely without a continuous and healthy development and application
of science such a society cannot function proper1y."3 In order to insure
continued societal support of science, layman understanding of the inter-
relationship between science and society is indeed crucial.

The second justification of this component of scientific literacy
deals with the individuals who make up the society. Considerable concern
has been expressed with the human being's ability to respond to the
accelerated change and increasing complexities resulting from science.

Such response is dependent not only upon the psychological adaptation by



the individual but also upon the institutional adaptation by the society.
Winthrop has suggested:

"What 1s even more important in this connection is

the fact that hoth scientific and technical progress

are creating a continually increasing burden of

social complexity in our lives - a burden to which

the populations of advanced countries are adapting

very slowly and very poorly psychologically. To

make matters even worse, the best of our institutional

efforts to deal socially with that complexity is not

very efficient, and the cultural gap or lag between

the socially complex conditions produced by advancing

science and technology and our efforts to adapt them

institutionally is increasing all the time."
The difficulties in adjusting to accelerated social change is in part
dependent upon the individual's ability to perceive his identity in a maze
of technology. More importantly, he must have some concept of the impact
of science; and the resulting change it will have upon his identity. Thus
understanding of the interrelationship between science and society contributes
to the psychological well-being of a society.

Once the validity of understanding the interrelationship between science
and society as a respectable objective in science teaching has been accepted
by science educators, the problem confronting them is the implementation and
evaluation of that objective. A number of papers have been directed toward
the inclusion of this objective in classroom teaching situations, and several
curricula have included reference to the impact science has had upon modern
society. Additionally, several attempts have been made to evaluate individual
perceptions of science and society. It is worthwhile to scan briefly the
research and information available in student attitudes toward science in
general and toward the relationship between science and society in particular.

Numerous articles exist reporting various types of attitude inventories

developed, tested, and utilized in exploratory research. The only common



thread joining these studies is the phrase 'attitude toward science'. The
‘source of this diversity can be appreciated by recalling the definition of
an attitude. Edwards suggests that an attitude is " . . . the degree of
positive or negative affect associated with some psychological object."5
Remmers offers a slightly different interpretation by defining an attitude
as an " . . . affectively toned idea or group of ideas predisposing the

6 The

organism to action with reference to specific attitude objects.
words psychological or attitudinal object are then responsible for the
diversity of studies in attitudes toward science. The number of identifiable
attitudes is the same as the number of attitude objects, or the number of
things to which an individual may respond. Thus the various attitudes

toward science are differentiated by what part or facet of science is
designated as the attitude object.

One approach to unifying work done in attitudes toward science is to
utilize the components of scientific literacy discussed earlier. The first
of these, the content of science, has been firmly developed on cognitive
grounds and by tradition has not been treated affectively. However, interest
studies toward science often treat a component of this aspect. The second
of these, the methods and processes of science, also bridges the cognitive
and affective domains. One important distinction must be made with regard
to these types of attitude studies. An individual may be taught that certain
values govern the behavior of scientists in their work. Thus many attitude
inventories may measure his recognition of the existence of those values in
science, and are essentially cognitive in nature. Other inventories may

attempt to measure the degree to which an individual has accepted such values.

At this point the inventory has surpassed understanding and is indeed



concerned with the affects which shape an individual's behavior toward
science.

The remaining two aspects are related to the ethics of science and
the interrelationship between science and society. These two aspects are
distinguished from the content and process of science in that they deal
with the values and responsibilities of science as a human endeavor rather
than science as a way of knowing and learning. Attitude studies in these
areas include desirability of science as a career and student images of a
scientist. These deal exclusively with the affective domain but often do
not probe into the desirability of the value system underlying such images.
Recent attempts have sought to identify the ethics of science and the
elements of the interrelationship of science and society. Most of these
inventories have concerned themselves with the public's feelings toward
science, the public financing of science, and the impact science has had
upon society.

These four aspects seem to summarize the major views of science as a
subject for attitudinal studies. By no means can they be considered cate-
gories mutually exclusive of one another. Certainly in many respects they
represent a deepening of commitment from learning about science, to doing
science, to becoming a scientist, to basing a society upon science. In
another sense, this deepening of commitment may also represent different
levels of students to whom we teach science. Understanding their attitudes
in each of these four aspects seems useful information.

In dealing with the interrelationship between science and society, two
types of attitudinal studies appear relevant. The first of these involves

the image of the scientist, insofar as the image relates to the social



actions and position of the scientist. A Targe proportion of the work in
attitudes toward science has been devoted to this topic. The motivation for
studies dealing with the image of the scientist arose from the paradox that
while students seemed to have favorab]e attitudes toward science, few were
actually choosing scfent1f1c careers. In a study of high school students
Allen noted that the overall image of the scientist seemed favorable, but
that a substantial portion of the students felt that scientists were too
narrow in their views, too emotional, essentially magicians, and willing to
7 pdditional

sacrifice the welfare of others to further their own interests.

studies by Barker, gg_gl.,a Ga11agher,g Mead and Metraux,10 0'Dowd and

1 12 substantiate these dimensions of the image as

13

Beardslee,”~ and Remmers

well as many others. The generally accepted dimensions include:

(1) scientist is more 1ikly to be mentally i11 (19%)

EE scientist cannot have normal family life (34%)

3) scientist is a genius (38%)

(4) scientists have no thought about the consequence of their -

work (53%)

(5) scientists are impractical in manner of solving everyday
problems (30%)

(6) scientists are more than a little bit odd (28%)

(7) scientists have 1ittle regard for humanity (20%)

(8) scientists are Tikely to be radical about matters outside
their field (54%) |

(9) scientists sacrifice the welfare of others to further their
own interests (38%)

There are indeed many negative dimensions of the image of the scientist
that appear to contradict the generally expressed favorable attitudes
expressed by étudents.

The second type of attitudinal studies relevant to understanding
student perceptions of the interrelationship of science and society have
dealt with attitudes toward the societal consequences of science. All

these studies have in common the attempt to judge how various groups of



individuals perceive the relationship and impact science has had upon their
lives and society. Moore and Sutman included the dimensions of science as

a technology versus science as knowledge generating activity, and the
necessity of public support of science in their 1nventory.14 Earlier work
conducted by Withey in 1959 probed the public's response to the accomplish-
ments of science, the progress induced by science, and the ability of science
to solve future prob?ems.15 These studies indicated people felt the progress
resulting from science was difficult to adjust to and that conceivably science
would allow a relatively few to control the lives of many. Additionally they
did not foresee science solving the social problems of the world. This
opinion had been substantiated earlier in a study done by Heath, gg_gj,ls
Concern for the possibility of scientific control of the country was articu-

lated in advocating greater governmental control of scientists. A more recent

survey done by Science and Public Affairs suggests that students feel science

cannot solve many of the social problems facing society today, but that it
should direct its attention to the environmental problems that it can
conceivably solve. A1l agreed, however, that science was essential for
modern 'er.l7
The research undertaken in this study is based upon the Science Support

18 This survey instrument attempted to explore

Scale developed by Schwirian.
attitudes toward science in relation to society in a more fundamental manner.
The majority of inventories have probed the individual's attitude toward
continued support of science, the direction science should devote its resources
and other attitudinal outcomes. The Science Support Scale is a more basic
evaluative device in that it probes attitudes toward five cultural values

theorized by Barber as being necessary for the growth of science within
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19 By dealing directly with these values, the Science Support Scale

society.
considers the structure from which an individual, for example, decides what
direction scientific research should proceed. In this sense it provides more
fundamental information concerning an individual's perception of science and
society and the resulting interrelationships.

The nature of this study is to investigate student attitudes toward the
cultural values supportive of science as operationalized in the Science
Support Scale. In the context of this study the term attitude specifically
refers to the positive or negative affect associated with these cultural
values. Such response is assumed to be based upon both cognitive and
affective constructs wifhin each individual. This investigation is
intended to serve as a vehicle by which student perceptions and feelings
toward societal values related to science may become more apparent. At
this stage it serves primarily as a descriptive tool to educators. It
serves such a purpose in that it attempts to describe differences among
student populations commonly encountered in the classroom. More directive
research into the effect of these attitudes upon achievement in science,
the effect of these attitudes in the development of curricula, the variables

affecting the degree of support of these values are beyond the scope of

this study.
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CHAPTER II
DESIGN OF THE STUDY

Survey Instrument

Schwirian clearly states the scope of the Science Support Scale: "The
specific focus of the study is an attitude scale designed to assess the
degree to which individuals respond supportively to science, its products,

n20 Insofar as the Science Support Scale measures

and its practitioners.
support or nonsupport of societal values related to science, resulting
information may provide insight into students' perception of science as a
societal institution or endeavor. Information gained from any survey must

be carefully interpreted in relation to the nature and format of the survey
instrument, thus it is necessary to closely examine the construction and
validation of the Science Support Scale.

The Science Support Scale was constructed around the theoretical work
done by Barber on the sociology of science. In tracing the historical
development of science through various societal structures, Barber identified
five cultural values as being those particularly conducive to the growth and
development of science. These were: (1) rationality; (2) utilitarianism;

2l ¢,

(3) universalism; (4) individualism; and (5) progress and meliorism.
no sense may these values be considered mutually exclusive or entirely
definiitive of a society which supports science. As Barber explains: "These
values are not, of course, officially or even informally codified, so the
particular 1ist we give here can only be offered as the consensus of numerous
scholars and moral leaders who have tried to discover them. Any similar
listing would, however, probably have'a very large overlap with this 6ne,

espec1a11y’when merely verbal differences were eliminated by close analysis.“22
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The motivation for identifying these values was to establish an ideal model
for a society that is conducive to the growth of science. By measuring the
extent to which an individual supports these values we may ascertain the
relationship of individual to societal attitudes concerning values supportive
of science.

Remmers has suggested that ". . . attitudes constitute the individual's
own evaluation of his conduct and desires in relation to the system of

23 This evaluation is usually opera-

social values as he understands them."
tionalized as being positive (favorable) or negative (unfavorable). At
this point the term operationalization must be qualified. To operationalize
a physical quantity, one describes precisely how that quantity is to be
measured. In attitudinal survey research one views an attitude as taking on
all possible positions, either continuously or discretely, on a linear scale
between two extreme views (positive, negative). The operationalization of a
specific attitude consists of devising a test or measure which will allow one
to specify an attitude by some point on this Tinear continuum. As such, in
attitudinal research one does not have the control over all factors affecting
an individual that a physicist possesses over physical factors in a given
measurement. In constructing items for the Science Support Scale Schwirian
was concerned with operationalizing these cultural values such that an
jndividual's response to the items would reflect his acceptance of the value.
The first and most fundamental value identified by Barber was rationality.
In defining this value Barber identified the continuum by placing rationality
on one end and traditionalism on the other end.24 Schwirian chose a definition
by Chinoy as exemplary of the value of rationality: "As a value rather than

a way of thinking, rationality refers to the moral approval placed upon the
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use of reason in understanding nature. Rationality may be contrasted with
'traditionalism', which accepts ideas simply because they have the sanctity

w25 By posing a situation in which one

associated with conventional usage.
must support a rational response in contrast to a traditional response, the .
degree to which this value is accepted may be measured. The primary difficu1ty_
facing this type of operationalization is the identification of sources of
traditionalism present within a given society. Schwirian chose to identify
these sources within our present society as religion, common sense or common

26 The source

knowledge, age, approved moral behavior, societal stability.
of rationality was defined to be science.

The second value identified by Barber was utilitarianism. He defined
the term a little more narrowly than it is commonly used. "By the value of
utilitarianism, we mean that predominant interest modern man has in the
affairs of this world, this natural world, rather than in other worldly

w27 Thus the value of utilitarianism

affairs such as supernatural salvation.
restricts the application of rationality to the present world and environment
of man. This definition places no judgment as to the use of that rationality
within this world, only that its use in the present world be chiefly valued.
The continuum established for this value places science as being utilitarian
at one extreme and religion as dealing chiefly with Tife beyond that of the
present at the other extreme.

The third value was universalism. In the scientific sense universalism
is the value placed upon unbiased observation and interpretation of phenomena.
Extended beyond its scientific application universalism refers to the use of

universalistic or general norms in judging other individuals. Universalism

implies that all people be accepted equally on the basis of their merit or
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some such universalistic norm which applies equally to all individuais. The
operationalism of universalism quite appropriately involves an investigation
into prejudice. A continuum in this situation places prejudice at one extreme
and universalism at the other extreme. As with traditionalism, the sources
of prejudice must be selected for the particular society in question.
Schwirian chose to omit religion and race as possible groups likely to
experience prejudice because of the threatening nature of such items. Other
groups chosen to most likely experience prejudce include those who hold
unpopular political views, foreigners, the economically poor, women, and

28 Items dealing with this

those whose behavior may deviate from the norm.
continuum asked the individual to judge such groups working in science.

The fourth value, individualism, similarly seems to be deeply embedded
in the American tradition. Barber sugests that "When individualism is an |
agreed-upon value, members of the society believe in the rightness of moral
preference of individual conscience rather than those of organized
authority.“29 The modern commitment toward the respect of the individual
and the right of that individual to adhere to the truth he perceives is an
example of individualism. Such a value is inherent in the support of
science, insofar as science rejects the imposition of truth by any organized
or nonscientific authority. Individualism was operationalized by probing
the individual's commitment to an individual's right to make a decision as
contrasted to the acceptance of authoritarian decisions. The resulting
continuum placed authority at one extreme and the individuality of science
or scientists at the other extreme. Authority was characterized in the
30

form of government, tradition, and present beleifs of society or science.

The final value incorporated into the Science Support Scale was progress
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and meliorism. By meliorism we are specifically referring to the commitment
to improve man's lot. Barber suggested that science could not survive were
it not for the acceptance of progress; and going a bit deeper, were it not.
for the belief that man can improve his condition. A continuum may be estab-
lished with an attitude of resisting change opposing progress and meliorism.
As Schwirian states: "The logical opposite of a commitment to progress and
meliorism is that, 'What was good enough for Dad is good enough for me!‘"31
Progress was characterized by computers, automation, space exploration,
mechanization of tasks, etc.

These then are the five values identified by Barber and operational-
ized in the Science Support Scale. A summary of the values and representa-
tive continua is shown in Table I. One could quarrel with individual
statements which compose Schwirian's Science Support Scale. However the
instrument does treat Barber's cultural values, and it has been tested.
Initial testing by Schwirian implied that the attitude inventory did
distinguish between varying attitudes toward these values within a single
population.

Scale items for the Science Support Scale were constructed according to
the Likert Technique or Method of Summated Ra_tings.32 According to this
technique the scale items are written in the form of statements to which the
jndividual may respond in one of five ways; strongly agree, agree, undecided,
disagree, and strongly disagree. The statement is assigned a favorable or
unfavorable 'correct' response and the individual's response is scored by
assigning numbers for his response in comparison to the 'correct' response.
For a favorable item, for example, a response of strongly agree receives a

score of five, agree a score of four, undecided a score of three, disagree
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TABLE I. Continua used in the Science Support Scale to

operationalize Barber's value dimensions.



REJECTION

Religion
Common Sense

Common Knowledge

Age

Approved Moral Behavior
Societal Stability

Religion

Communists
Foreigners
Women
Deviates

Government
Society

Tradition

TABLE I

VALUE DIMENSION

Rationality

Utilitarianism

Universalism

Individualism

Progress and Meliorism

17

ACCEPTANCE

Science

Science

No Prejudice

Individual

Technology
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a score of two, and strongly disagree a score of one. The total score is
thus calculated by summing the item scores.33
Validation of the instrument was obtained using a combination of logical
validation and jury opinion. By logical validation, we are referring to the
question of whether the statements are valid operationalizations of the five
values theorized by Barber. Does the individual's response to each item
actually measure his commitment to the value in question? The foregoing
paragraphs attempted to outline the development of the Science Support Scale
and was co.sidered by Schwirian to be evidence of logical validation.34
Additionally a panel of judges considered to be expert in either science
education or attitude scale construction concurred that the instrument was
logically valid. A list of these individuals is included in Schwirian's
dissertation.35
Reliability of the instrument was obtained using split-half reliability
techniques. In measuring reliability we are attempting to measure the
precision of the instrument. Essentially we are attempting to estimate
how well the given attitude score represents the true score for a given
individual. According to the technique of split-half scale reliability,
the attitude -inventory is split into two halves, usually into odd and even
jtems and scored separately. The Pearson correlation coefficient for the
two scores is then calculated. Since reliability is a function of the number
of scale items, a correction formula, the Spearman-Brown correctjon factor,
is applied. The corrected reliability of the sixty item scale was 0.77.36
The scale used in this study was slightly altered from the Science
Support Scale developed by Schwirian. The original copy of the Science

Support Scale obtained by the author was a Xerox copy of Behavioral
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Objectives in the Affective Domain by Eiss and Haubeck. This copy included

only 58 of the original 60-item scale. Additionally item 25 was not
readable and a slightly different item was included in the original survey
form. The 58 items from the Science Support Scale as used in this study
is contained in Appendix I. Reliabilities for this form were calculated
and are included in Appendix II.

Survey Application

In validating the scale Schwirian ehose to administer the inventory to
a total of 200 respondents. Of these respondents, 113 were University of
Wisconsin students enrolled in a science education course required for
elementary education majors and the remaining 87 were Chio State University
students e.rolled in a sociology of education course. Both groups consisted
predominantly of women who had no particular interest or disinterest in
science.

This particular study is an extension of Schwirian's work in that the
Science Support Scale was administered to several groups thought to
constitute varying populations with respect to their support of science.

As stated earlier, today's science educator is faced with the problem of
communicating with students who oftentimes are antagonistic toward science.
It was anticipated that the Science Support Scale could prove useful in
describing the nature of some of these antagonisms. Because of the nature
of the course offerings at Kansas State University, three groups were chosen
for testing: Man's Physical World, General Physics, and Engineering Physics.

Man's Physical World is a physical science course developed for
non-science students. The textbook presently used is Hewitt's Conceptual

Phgsics.38 Student enrollment is restricted to freshmen and sophomores,
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the majority of whom have declared majors in nonscience areas. The distri-
bution of majors and year of study for the semester during which the survey
was conducted is shown in Table II. This course is typically one of three
or four science courses taken for distribution requirements by nonscience
students. Although this population is not as homogenous as that chosen by
Schwirian, it was thought that their attitudes would be similar to those
expressed by her sample.

General Physics is a two-semester non-calculus physics course for
students predominantly in pre-professional fields. The textbook presently
used is Adkins' Phxsics.3g The majority of students enrolling in this
course are sophomores majoring in fields such as pre-veterinary medicine,
pre-medicine, biological science, physical science teaching, and other
such fields. The distribution of majors and year of study for the semester
during which the survey was conducted is shown in Table III. Because of
the type of majors pursued by this group of students, it was thought they
represented a group more committed to and acceptive of these value dimensions
that the Man's Physical World sample.

Engineering Physics is a two-semester calculus based course predominantly
for engineering and science students. The textbook presently used in

40

Shortley and Williams' Elements of Physics. Table IV shows the distri-

bution of majors and year of study for the students participating in this
survey. It was felt that this group of students would represent.a population
of undergraduate students most supportive and acceptive of science.

The fourth and last population chosen for study consisted of the faculty
and graduate students in the Physics Department. Approximately eighty

questionnaires were distributed of which fifty-two were completed and
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TABLE II. Distribution of majors and year of study for the

Man's Physical World students included in the

survey are shown



TABLE 11
MAN'S PHYSICAL WORLD

Percent

Major Number Percent Major Number
General 198 £3.3 Social Science 7
Business 129 16.4 Applied Music 6
Education 117 13.8 Architecture 4
Home Economics 98 11.6 Biology 4
Physical Education 5€ 6.6 Mathematics 3
Journalism 43 5y 1 Business 3
Psychology 26 3.1 Music 3
Pre-Law 22 2.6 Agriculture 2
Political Science 20 2.4 Geology 2
Sociology 19 2.2 Pre-Medicine 2
Speech 14 1af Engineering &
Modern Languages 14 1.7 Anthropology 1
English 12 1.4 Pre-Vet Medicine 1
Computer Science 10 1.2 Economics 1
History 9 Ll Pre-Forestry 1
Year Number Percent

Freshman 501 59.1

Sophomore 254 30.0

Junior 77 9.1

Senior 15 1.8

More than 4 1 0.1

afeloleolofelolofeloela o ool
L] . - - - - L] L]
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TABLE III. Distribution of majors and year of study for the

General Physics students included in the survey

are shown.



TABLE III
GENERAL PHYSICS

Major Number Percent Major Number Percent
Pre-Veterinary Medicine 72 17.5 Accounting 1 0.2
Agriculture 108 26.3 Physical Science 1 0.2
Architecture 69 16.8 Geochemistry 1 0.2
Pre-Medicine 29 7.1 Modern Languages 1 0.2
Biology 32 7.8 Philosophy 1 0.2
General 13 3.2 Physics 1 0.2
Medical Technology 5 1.2 Business 1 0.2
Fishery-Wildlife Biology 10 2.4 Statistics 1 0.2
Pre-Pharmacy 5 1,2 Political Science 1 0.2
Wildlife Conservation 7 1,7 Microbiology 2 0.5
Computer Science 4 1.0 Physical Therapy 1 0.2
Mathematics 5 1.2 Biochemistry 1 0.2
Geology 9 2.2 Psychology 1 0.2
History 1 0.2 Music Education 1 0.2
Pre-Dental 4 1.0

Year Number Percent

Freshman 21 8.l

Sophamore 267 65.0

Junior 87 21.2

Senior 28 6.8

More than 4 Years 8 1.9
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TABLE IV. Distribution of majors and year of study for the
Engineering Physics students included in the

survey are shown.



TABLE IV
ENGINEERING PHYSICS

Major Number Percent
Engineering 155 82.0
Architecture 13 6.9
Agriculture 6 3.2
Education 3 1.6
Physics 4 2l
Chemistry 3 1.6
‘General 2 1.1
Mathematics i 0.5
Pre-Medicine 1 0.5

Year Number Percent
Freshman 4 2.1
Sophomore 162 85.7
Junior 20 10.6
Senior 3 1.6
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returned. Of the total sample of 52, 21 were faculty responses and 31 were
graduate student responses. This population was included in the study for

the purpose of contrasting student responses with those of academic
scientists. Most classroom situations involve communication between this
group and the three student groups described above. Knowledge of the attitude
differences should be more useful than simple knowledge of the student
attitudes toward Barber's value dimensions.

The Science Support Scale was administered to the three student
populations during the first week of the Fall Semester, 1971. It was admin-
istered to five lecture classes of Man's Physical World I, yielding a total
sample size of 768. 67 of the responses were discarded because they were
incomplete, resulting in a sample of 701. The survey was administered to
General Physics I and Engineering Physics I during the Tlaboratory sessions,
also during the first week of classes. The original sample size of the
General Physics population was 338. Twenty-three responses were discarded
because they were incomplete, yielding a final sample size of 315. The
sample size of Engineering Physics was 191, nineteen of which were discarded,
providing a final sample size of 172. The Science Support Scale was
administered to the Physics faculty in February 1972. The time difference
between administration to the faculty and students was not judged to
introduce any difficulty because of the presumed relative stability of
the scientist's attitudes. Of the 52 responses received from the faculty,
two incomplete responses were discarded yielding a sample size of 50.

Scoring the Inventory

Students were asked to respond to the survey items on an IBM answer

sheet, IBM Document Number 505. The IBM answer sheets were scored using an
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IBM 1230 Optical Mark Scoring Reader, and item responses were punched into
80-column cards. These cards were then rescored according to Likert scale
procedures. Schwirian did not include an assignment of positive or 'correct'
response to the items as they were utilized in her study. Thus the items
were judged in conjunction with her discussion of the operationalization

of the values. The 'correct' responses utilized for this study are indicated
in Appendix I. The Likert scores were utilized for the remainder of the
study. In considering various statistics reported in the remainder of the
study, the reader should recall that the scale from 1-5 represents a graded
response from unfavorable to favorable rather than the actual response on
the Science Support Scale.

Although not completely committed to these chosen 'correct' responses,
the Academic Physicists represent the most committed population within the
society. The correct responses were compared to the responses by the
Academic Physicists. The items on which the Academic Physicists were
undecided or nonsupportive of the societal values are 1isted below:

1. One important function of science is to demonstrate the
wonder and orderliness of God's universe. (Utilitarianism)

2. It is likely that much of the scientific information we
have today will be demonstrated to be inaccurate or
inadequate in the future. (Rationality)

15. The United States should encourage more students from
foreign countries to study science in American universities.
(Universalism)

20. Teaching machines promote improved education. (Progress and
Meliorism)

32. The scientist's activities must not violate the basic values
of his society. (Individualism) -

40. In times of national emergency a scientist's utmost concern
should be for the contribution he can'make to his country's
needs rather than his own specific research interests.
(Individualism)

51. It is a good policy to base an important decision purely on
evidence even if it is the opposite of the decision based
upon common sense. (Rationality)
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52. The true meaning of any discovery should be judged by
man's physical wants and needs rather than by his
moral standards. (Utilitarianism)

55. It will be a good thing when machines free men of all
manual labor. (Progress and Meliorism)

Items 51 and 55 show the Academic Physicists nonsupportive of the
values in the context in which they appear. Items 20 and 52 show the
majority undecided about the statement. Items 1, 2, 15, 32, and 40 show
distributions split between support and nonsupport of the value in the
context of the statements. Items 2 and 51 indicate an unwillingness by
the Academic Physicists to support rationality as opposed to traditionalism
within their own field of study. As would be expected, scientists are more
tolerant of traditionalism within their own field of study than in other
areas of suciety. Item 15 more than 1ikely reflects the current financial
straits American scientists are experiencing, causing many to abandon uni-
versalism in this situation. Items 32 and 40 indicate that scientists feel
some responsibility toward the society in which they work, and hence act
within some of the boundaries established by the society. Items 1 and 52
show the Academic Physicists split between utilitarianism and values inherent
in morality or religion. These items seem to reiterate items 32 and 40 in
expressing the attitude that scientists have some responsibility to act in
their society. Items 20 and 55 showed the Academic Physicists undecided
about the item, indicating some conservatism toward change.

These items indicate that the Academic Physicists as a population are
not entirely supportive of Barber's societal values. It is useful to note
these deviations from support of the various values by the Academic Physicists

in subsequent discussions of results. In most cases the student populations

were more nonsupportive of the particular value than the Academic Physicists.
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Analysis of the Survey

An initial analysis of the total scores for each population was
conducted. Essentially two assumptions are made in any attitude study:
(1) that attitudes are measurable, and (2) that attitudes vary along a

L The total score, calculated from the Likert item

Tinear continuum.
scores, represents the position of an individual along this linear continuum.
Because of the Likert scaling, however, the data is interval data and no
true zero point is known within the continuum. Studies dealing with this
type of data are restricted to comparison-type investigations. A first step
in these comparisons is to ascertain population differences with respect to
the position along the attitude continuum.

Total scores were calculated for all individuals in the populations
studied, and frequency distributions were compared. These distributions are
shown for all four populations in Plates 1 and 2. The total score distri-
butions w.re compared using a one-tailed t-test for two independent samp'les.42
Table V contains a summary of those calculations. For comparative purposes,

a t-score of 1.3 indicates a probability of 90% that the populations are
different. A1l t-test scores yielded a level of significance of 0.0005
except that between General Physics and Engineering Physics, which was judged
at a level much greater than 0.10. By level of significance we are referring
specifically to the probability (0.10=10%) that two alike populations are
judged to be different. Thus except for the General Physics and Engineering
Physics populations, the remaining populations were different with respect to
the attitude scores measured by the Science Support Scale. The large dif-

ference between the student populations and the Academic Physicists should be

noted. Having established these differences with respect to attitudes toward
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PLATE I. Total score distributions for Man's Physical World

and General Physics populations are shown.
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PLATE II. Total score distributions for Engineering Physics and

Academic Physicists populations are shown.
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TABLE V. A summary of t-scores obtained from application of the t-test
of independent samples to the four populations utilized in

this study.



TABLE V

TOTAL SCORE COMPARISONS

36

t-test Scores

Populations Mean
Man's Physical General Engineering
World Physics Physics
Man's Physical World 199.4 0.00 3.67 3.97
General Physics 203.7 3.67 0.00 0.94
Engineering Physics 205.1 3.97 0.94 0.00
Academic Physicists 217.1 7.26 5.01 521
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societal values supportive of science, the remainder of the study involved
determining and describing the nature of the differences reflected in the
total score distributions.

The first approach used to ascertain the differences of attitudes
assumed the existence of the value dimensions as defined by Barber and oper-
ationalized by Schwirian. Total scores were computed for each of the five
values; rationality, utilitarianism, universalism, individualism, and
progress and meliorism. Population distributions for each value were compared
to ascertain whether the populations differed. Once differences were found,
the distributions of Likert scores for two populations were plotted for
each item in the value subset. Chi-square tests of independence were applied
to the items to determine if the populations differed with respect to their
response to the item. Items with a Tevel of significance greater than .05
were omitted from discussion. The remaining items were then compared as to
the nature of the population differences. The original data utilized in
this analysis are contained in Appendix II. Results from this approach
are presented and discussed in Chapter III.

The second approach used to determine population differences on the
Science Support Scale assumed no prior value dimensions. The fifty-eight
jtems were treated as a series of items representative of values toward
science and society. Factor analysis was performed on the items for each
population to determine if the items clustered in a configuration different
than that used in constructing the Science Support Scale. Resu1fs from

this approach are presented and discussed in Chapter IV.
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CHAPTER III
ANALYSIS OF RESULTS: BARBER'S VALUE DIMENSIONS

The graphs included in Plate I and Plate II indicate that Man's Physical
World students, General Physics students, and Engineering Physics students
differ significantly from Academic Physicists in their attitudes toward
societal values supportive of science. One approach to analyzing these dif-
ferences is to examine the item scores of these populations within the
structure of the original value dimensions. The questions being pursued in
this section are: (1) Are the differences as reflected by the total score
distributions divided equally among the five value dimensions comprising the
Science Support Scale? (2) What type of differences in attitude exist with
respect to the original items? In all cases the student populations were
initially compared to the Academic Physicists.

The first of these questions was considered by calculating value subset
scores for each population. The items included in each value subset as
operationalized by Schwirian are contained in Appendix I. The subset scores
were computed using FREQ, KSU Program Library User Program 13.3.001.43 The
various population distributions were then compared graphically. Means and
standard deviations were calculated for the various distributions in an
effort to better describe population differences.

The second of these questions, dealing with item differences, was con-
sidered within the context of the value dimensions. The purpose of this
analysis was to examine the population differences by means of the Likert
distributions, considering in detail only those items with statistically sig-
nificant differences. The categorization of responses used in Likert sca11ng

suggests the use of the chi-square statistic in judging the significance of any
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item score differences. The null hypothesis being tested was that the
Likert scores were independent of the population chosen.

The chi-square distribution is essentially an approximation of the
multinomial distribution, equivalent to the normal approx{mation of the
binomial distribution. Membership in one of the populations was chosen to
be the independent variable and the Likert score of the scale item was chosen
to be the dependent variable. The data were arranged in a bivatiate fre-

quency table; expected frequencies for each cell determined by the

equation:44
i IEZ(Row Frequencies)iEE:(Co1umn Frequencies)j
Eij i Sum of Individua1;41n Both Populations
The chi-square statistic was then calculated from the equation:45
2 (0,, - E..)2
X = 1JE N where 0, ; = Observed Frequency.
1]

The larger the chi-square statistic, the greater the probability that the
item score is a function of the populations being compared. Essentially a
theoretical distribution based upon the observed distributions of the two
populations is created, and the degree to which the two populations fit this
theoretical distribution is calculated. The more alike the two populations
are with respect to their item score, the better the fit to the theoretical
distribution and hence the smaller the chi-square statistic. The resulting
chi-square values and probabilities were computed using CHI SQUARE, KSU
Program Library User Program 13.3.002.46 The level of significance was
chosen to be .05, and only items with this or smaller probabilities were

considered in the discussion to follow.
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Man's Physical World versus Academic Physicists

The total score distributions for the rationality value dimension are
displayed in Plate III. The maximum possible score was sixty. As can be
seen from the two graphs, both populations were generally supportive of
rationality. The Academic Physicist (Physicists) distribution had a mean
score of 45.3, while the Man's Physical World (MPW) distribution had a mean
score of 41.5. The two distributions are difficult to compare, primarily
because of the spread of the Physicist population scores. However the dif-
ference in mean scores and the large percentage of Physicists' scores greater
than 45.0, indicate that the Physicists were more supportive of rationality.
The items from this value dimension with chi-square values significant at
the .05 level are listed below. The distributions for these items are
contained in Plates IV and V.

RATIONALITY

2. It is likely that much of the scientific information we have
today will be demonstrated to be inaccurate or inadequate
in the future.

7. The skepticism of the scientist should be Timited to his work.

22. The unbounded inquiry of the scientists has had a bad effect
on society's moral standards.

29. When the findings or theories of science conflict with religious
belief, it is better to accept the religious belief.

35. It is unlikely that a young scientist will make important
discoveries.

45. Scientific findings should not be made public if they will
create social unrest.

51. It is a good policy to base an important decision purely on
evidence even if it is the opposite of the decision based on
common sense.

53. All miracles have a scientific explanation.

54. Scientists go overboard on demanding evidence before drawing
conclusions.

The deviation of the Physicists from support of rationality in items 2 and
51 was discussed previously. Man's Physical World (MPW) students similarly

were unable to support rationality as opposed to present knowledge and common
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PLATE III. Distributions of scores received for the rationality

value dimension by Man's Physical World and Academic

Physicist populations.
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PLATE IV.

Items from the rationality dimension with chi-square

statistic significant at the .05 level. Likert scores

“are plotted along the abscissa, and percent receiving

that score along the ordinate. The solid Tine repre-
sents the Man's Physical World population, and the
broken 1ine represents the Academic Physicist

population.
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PLATE V.

Items from the rationality dimension with chi-square
statistic significant at the .05 level. Likert scores
are plotted along the abscissa and percent receiving
that score along the ordinate. The solid line repre-
sents the Man's Physical World population, and the

broken line represents the Academic Physicist

population.
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sense. In both items the Physicists were more supportive of rationality than
the MPW students; however, it is important to note that neither group was
clearly supportive of rationality in these contexts. While the distributions
differed, their differences were not in attitude but rather in degree of
commi tment.

Items 7, 22, 35, 45, and 54 showed support of rationality by both
populations. Item 35 differentiated between the two populations only in the
degree to which rationality was supported, i.e., more Physicists received a &
Likert score of five as contrasted to the number of MPW students who
received a Likert score of four. Items 7, 22, and 54 showed some of these
same differences; however, considerably more MPW students were undecided
about the items. Items 7 and 54 dealt with the manner in which the scientist
practices his commitment to rationality, while item 22 dealt with tradition-
alism vested in moral standards. Item 45 differentiated between the two
populations with respect to the number of MPW students receiving a Likert
score of two as opposed to the number of Physicists receiving a Likert score
of five. While the MPW population was supportive of rationality, considerably
more of them were willing to support traditionalism vested in societal
stability.

The greatest disagreement between the two populations in the rationality
dimension occurred in items 29 and 53. Item 29 indicated that a majority of
MPW students were undecided about the item, while the majority of Physicists
were supportive of rationality. This particular item dealt with fationa1ity
versus traditionalism as represented by religion. The majority of MPW
students seemed unsure as to the relationship between religion and rapiona]ity.

Item 53 was the only item in which the two populations differed entirely in
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attitude toward the value. The MPW students were not willing to support
rationality to the exclusion of other forms of explanations of miracles,
while the Physicists generally supported the statement. Both these items
dealt with rationality versus religion, where religion represented a form or
source of traditionalism. It would appear that the MPW student differed
significantly from the Physicists with respect to acceptance of this
particular form of tradition.

In general, the MPW students were supportive of rationality, although not
to the sémé\degree as the Physicists. The results indicated considerable
jndecision on the part of the MPW student with respect to values placed on
rational action as compared to societal stability or moral and religious
standards. Smaller differences were encountered toward items dealing with
the actions of scientists in applying rationality, such as in demanding
evidence before making decisions. The remaining items that did not yield
significant differences (items 16, 21, and 10) all dealt with the actions of
the scientist. The MPW students seemed to agree that science should
encourage people to question their beliefs; however, they did not agree as
to whether those beliefs should be rejected in favor of scientific results
and/or explanations. Thus differences between the two populations seemed to
lie not so much in the validity and acceptability of the role of science as
an activity, but in the acceptance of science as a complete and perhaps
exclusive explanation of the universe. Item 53 indeed indicated ;hat the
MPW studentrfee1s certain that rationality should not be accepted at the
exclusion of nonrational explanations of miracles, for example.

The total score distributions of the utilitarianism dimension are
displayed in Plate VI. The maximum possible score was sixty. The mean score

for the Physicists was 43.9, and the mean score for the MPW students was 40.7.
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PLATE VI. Distributions of scores received for the utilitarianism
value dimension by Man's Physical World and Academic

Physicist populations.
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The Physicists more strongly supported utilitarianism, although the differences
between the two populations were not as pronounced as was the case for the
rationality dimension. The items yielding chi-square statistics significant
at the .05 level are listed below. The distributions are displayed in
Plates VII and VIII.

UTILITARIANISM

1. One important function of science is to demonstrate the
wonder and orderliness of God's universe.
5. Religious leaders should be constantly on guard against
- - the ideas and theories that scientists produce and explore.
6.° Science is bound to lead our society into Godliness.
18. In order to be more effective, religious leaders should
know about recent major advances and developments in science.
26, The meaning of any discovery should be judged by man's moral
standards rather than by his intellectual need for truth.
27. It is possible for a man to be a dedicated scientist and to
be highly committed to his religious convictions.
31. While man has become physically richer from the fruits of
science, he has become spiritually poorer.
37. The material progress of science has made men care less than
they should about the prospect of eternal life.
50. Men are worthy of enjoying the fruits of scientific discovery.
52. The true meaning of any discovery should be judged by man's
physical wants and needs rather than by his moral standards.

The vast majority of Physicists were undecided on item 52. Almost as
many MPW students supported as well as opposed the statement. The MPW
population was considerably more diverse with respect to accepting provision
for man's physical wants and needs as a justifiable reason for doing science.
The relative affluence of the post-World-War-II decades has made young people
more secure toward physical necessities. As a result there has been a growth
of groups condemning the establishment for its materialistic concerns. It
would seem that these groups are represented in the percentage that expressed
nonsupport of item 52. The more conservative or 'establishment' portion of
MPW students probably recognized the contribution scientific discovery has

made toward satisfaction of physical wants and needs, supporting the statement.
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The Physicists more strongly supported utilitarianism, although the differences
between the two populations were not as pronounced as was the case for the
rationality dimension. The items yielding chi-square statistics significant
at the .05 level are listed below. The distributions are displayed in
Plates VII and VIII.

UTILITARIANISM

1. One important function of science is to demonstrate the
wonder and orderliness of God's universe.
5. Religious leaders should be constantly on guard against
the ideas and theories that scientists produce and explore.
6. Science is bound to lead our society into Godliness.
18. In order to be more effective, religious leaders should
know about recent major advances and developments in science.
26. The meaning of any discovery should be judged by man's moral
standards rather than by his intellectual need for truth.
27. It is possible for a man to be a dedicated scientist and to
be highly committed to his religious convictions.
31. While man has become physically richer from the fruits of
science, he has become spiritually poorer.
37. The material progress of science has made men care less than
they should about the prospect of eternal Tife.
50. Men are worthy of enjoying the fruits of scientific discovery.
52. The true meaning of any discovery should be judged by man's
physical wants and needs rather than by his moral standards.

The vast majority of Physicists were undecided on item 52. Almost as
many MPW students supported as well as opposed the statement. The MPW
population was considerably more diverse with respect to accepting provision
for man's physical wants and needs as a justifiable reason for doing science.
The relative affluence of the post-World-War-II decades has made young people
more secure toward physical necessities. As a result there has been a growth
of groups condemning the establishment for its materialistic concerns. It
would seem that these groups are represented in the percentage that expressed
nonsupport of item 52.

The majority of items (items 5, 6, 26, and 50) indicated only a difference

between the two populations in degree of support of utilitarianism. Items 5
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PLATE VII. Items from the utilitarianism dimension with
' chi-square statistic significant at the .05
level. Likert scores are plotted along the
abscissa and percent receiving that score along
the ordinate. The solid line represents the
Man's Physical World population, and the broken

1ine represents the Academic Physicist population.
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PLATE VIII.

Items from the utilitarianism dimension with
chi-square statistic significant at the .05
1eve1._ Likert scores are plotted along the
abscissa and percent receiving that score along
the ordinate. The solid line represents the
Man's Physical World population, and the broken

line represents the Academic Physicist population.
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and 6 dealt with the relationship between utilitarianism and religion, while
jtem 26 dealt with utilitarianism versus moral standards. Item 50 concerned
{tself with the acceptance of man's right and worth to discover. Items 6 and
26 showed a considerable.percentage of both populations undecided although
utilitarianism was still supported. Approximately the same percentage of

MPW students were undecided in supporting utilitarianism as opposed to moral
sténdards; where utilitarianism was represented by man's physical wants and
needs and by man's intellectual need for truth. However, man's intellectual
need for truth generally found more support than his physical wants and needs.
Items 18 and 27 showed both populations supportive of utilitarianism, with
the primary differences resulting from the percentage of MPW students
undecided about the item. Both items dealt with the coexistence of religion
and science.

Primary differences between the two populations appeared in items 1, 31,
and 37. The first of these resulted in a bimodal distribution for the
Physicist population. Neither population was supportive of utilitarianism
in this context. Items 31 and 37 both dealt with the impact science has had
upon man and his commitment to religion. Considerably more MPW students were
either undecided or in agreement with both statements than was the case for
the Physicists. MPW students expressed a degree of concern toward the
impact science has had upon feIigion, and whether such an impact is acceptable.
However, MPW students in general did not consider science and religion as
being threatening to one another (items 5, 18, and 27 ).

The third value included in the Science Support Scale was universalism.
The distribution of population scores in this value subset are displayed in

Plate IX. The maximum possible score was fifty. It is worth noting that for
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PLATE IX. Distributions of scores received for the universalism

value dimension by Man's Physical World and Academic

Physicist populations.
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‘both populations there were individuals who attained a maximum score. The two
populations appeared to be very similar with respect to this value. The mean
score for the Physicists was 39.7, while the mean score for the MPW students
was 37.6. The items that yielded chi-square values significant at the .05
level are listed below. Their respective distributions are included in
Plate X.
UNIVERSALISM
11. There is no place in science for sexual deviants such
as homosexuals.
13. The work of any scientist should be judged without regard
for his political views.
46. A scientist's reputation should be as important in
judging his findings as the techniques he uses in his
research.

These few items that were dependent upon the population is an indication
that.universaliSm was vell accepted by MPW students as well as by Physicists.
~ As Schwirian suggests: "This approval (placed on universalism) is clearly
manifest in the American commitment to assuring a man his just position in
society based on his abilities and performances."47

Items 11 and 13 differentiated between the two populations only with
respect to the degree of support of universalism. These statements and the
MPW responses may have reflected Midwestern conservatism. A considerable
number of MPW students were undecided on item 11, indicating the sensitivity
toward sexual deviants present in today's society. Item 46 indicated a
significant difference between the two populations and a major departure
from support of universalism by the MPW population. Thirty percent of MPW
students were willing to judge a scientist's research as much by his reputation
as by his experimental techniques. Perhaps this is a reflection of the dif-

ficulties laymen encounter in judging experimental procedures and results in
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PLATE X.

Items from the universalism dimension with chi-square
statistic significant at the .05 level. Likert scores
are plotted along the abscissa and percent receiving
that score along the ordinate. The solid line repre-
sents the Man's Physical World population, and the
broken 1ine represents the Academic Physicist

population.
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ce. Being unable to do so, they rely upon the scientist's reputation as |

de. Additionally modern society seems to have become so complex, that

' is a very great tendency to accept an expert's opinion or decision in
of attempting to understand the complex language or procedures within
'jeld. This was the only item that yielded any significant differences
en the two popuIations‘in the value dimension involving universalism,
The fourth value dimension included in the Science Support Scaie was
jdualism. The distributions of population scores for this dimension are
. in Plate XI. There seems to be considerable difference between the two
ations. The mean score of the Physicist population was 44.9, and the
score of the MPW population was 40.4. The items yielding a chi-square
stic significant at the .05 level are listed below. Their respective
jubtions are contained in Plates XII and XIII.

INDIVIDUALISM

9, The administration of colleges or universities should
not discharge scientists whose political views are
unpopular.

19. The individual scientist is the best judge of what research
he should do.

23. The primary function of a college education in science is
to teach an appreciation for the findings of the past great
scientists.

43, It is not always appropriate for the Federal government to
demand that the scientific research it sponsors serve the
national policy ends.

44, Scientists could work more effectively if they were organized
and guided in their work by a man who has proved himself to
be an outstanding scientist.

48. Scientific work should be judged primarily by the political
and social necessities of the nation and the world.

49. Scientists could work more effectively if they were organized
and guided in their work by a Congressional committee which
was aware of national needs.

57. More federal support to science should be in the form of
grants for general scholarship and exploratory research _
rather than contracts for specified product research.

63
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PLATE XI. Distributions of scores received for the individualism

value dimension by Man's Physical World and Academic

Physicist populations.
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PLATE XII.

Items from the individualism dimension with
chi-square statistic significant at the .05
level. Likert scores are plotted along the
abscissa and percent receiving that score
along the ordinate. The solid line represents
the Man's Physical World population, and the
broken 1ine represents the Academic Physicist

population.



67

PLATE XII

60

50

60 I

ITEM 19

ITEM 9

60

50
40
30
20

60 I

-

ITEM 43

ITEM 23



68



PLATE XIII.

Items from the individualism dimension with
chi-square statistic significant at the .05
level. Likert scores are plotted a]dng the
abscissa and percent receiving that score
along the ordinate. The solid line represents
the Man's Physical World population, and the
broken 1ine represents the Academic Physicist

population.
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Items 9, 19, 23, 44, and 49 showed both populations supportive of the
value individualism, the Physicists stronger in their support. Items 44 and
49 dealt specifjca11y with the organization of scientific research, first by
scientists themselves and secondly by a Congressional committee. Both popu-
lations showed mild acceptance of the first alternative, but less acceptance
of the second. The Physicist population was particularly united in its
disagreement with statement 49. The other items indicated strong support of
individualism by both popﬁ1ations. It should be noted, however, that a
significant percentage of MPW students were undecided or nonsupportive of
the value dimension. This reflects a lesser degree of commitment to the
value.

Items 43, 48, and 57 showed the most significant differences between the
two populations. A1l three items dealt with societal control and direction
of scientific research. The Physicists felt very strongly that scientific
research should continue independently of national needs. The majority of
MPW students were either undecided or weakly supportive of research directed
toward national needs. It would seem that item 49 would fit with these three
items, in that it dealt with governmental control of science. While MPW
students were somewhat undecided about the place of scientific research within
society, they were certain that it should not be directed by a Congressional
committee. This response seems to indicate an uncomfortable feeling toward
governmental control, rather than support of non-directed scientifjc work.

With respect to the value dimension of individualism, it seems that the
MPW student was most concerned with the role scientific research shou]d‘play
in society. In general he supported the right of the individual scientist to

direct his own research on the basis of his own standards. However, a
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significant number of MPW students were unsure as to whether science should be
directed toward solving societal problems. Such concern appears understandable
in Tight of thg environmental problems being presently encountered.

The last value dimension included in the Science Support Scale was

progress and meliorism. The distributions of population scores for this
dimension are displayed in Plate XIV. The total possible score was sixty.
The mean score of the Physicist population was 43.7, while the mean score .
of the MPW distribution was 39.3. The items in this dimension that yielded -
chi-square values significant at the .05 level are listed below. Their
distributions are contained in Plate XV.

PROGRESS AND MELIQRISM

14, It is not appropriate for man to tamper with the order
and intentions of Nature.
36. The scientific information which has been gathered as a

result of manned and unmanned space shots is well worth
the Targe sums of money which have been spent on the

projects.

42, A return to a simpler, less mechanized 1ife would result
in happier, more contented people.

47. The increased efficiency of computers does not justify
their use because of all the unemployment produced when
computers replace men.

55. It will be a good thing when machines free men of all

manual labor.
56. When doing medical research, scientists should be able to
collect information of a highly personal nature.

Both populations scored particularly low on item 55. The MPW students
felt more strongly opposed to this statement than the Physicists; however
neither group could, to any degree, support the statement. This result seems
to contradict the popular image of a scientist as one who has no interest or
concern for the social consequences of his work.48 Both populations seemed

to express concern with man's ability to adapt to the changes technology

can accomplish, such as the prospect of no manual labor. Perhaps this is
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PLATE XIV. Distributions of scores received for the progress
and meliorism value dimension by Man's Physical

! World and Academic Physicist populations.
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PLATE XV.

Items from the progress and meliorism dimension with
chi-square statistic significant at the .05 level.
Likert scores are plotted along the abscissa and
percent receiving that score along the ordinate. The
solid 1ine represents the Man's Physical World popu-
lation, and the broken line represents the Academic

Physicist population.
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a result of the Puritan work ethic, which saw manual l1abor as the most
beneficial activity for man.

Items 14, 47, and 56 indicated support of progress and meliorism by
both populations, however the Physicists were much stronger in their suppoft.
In all three items there was a considerable percentage of MPW students |
clearly undecided about the item. Additionally in item 36 a majority of
MPW students was undecided about the issue, while a majority of Physicists
was supportive. Item 42 dealt specifically with man's ability to cope with
a more mechanized 1ife and was thus similar to item 55. Both populations
were concerned with man's ability to adapt to the changes brought about by
science and technology; but neither group felt that returning to an earlier
stage of development would help. There was concern about the pace of
progress, but indeed still a commitment to progress. Item 36 reflected the
concern previously shown toward research conducted without regard for
societal needs. In this respect, the results of item 36 bear a similarity
to the results from items 43, 48, and 57 from the individualism dimension.

In summary, MPW students and Physicists differed as to their support of
the values of rationality, utilitarianism, individualism, and progress and
meliorism; but differed 1ittle in support of universalism. The difference in
support was primarily one of degree rather than one of nature. The MPW
student was remarkably supportive of these values, perhaps indicative of
the degree to which the present society has accepted science. Hoqever, there
were a reasonable number of items in which the MPW students were primarily
undecided or split between support and nonsupport of the statement. In the
case of each of these items, the Physicist population was in decided support

of the value in question. The items and their respective value dimensions are
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Tisted below.

29. When the findings or theories of science conflict with
religious belief, it is better to accept the religious
belief. (Rationality)

36. The scientific information which has been gathered as a
result of manned and unmanned space shots is well worth
the large sums of money which have been spent on the
projects. (Progress and Meliorism)

37. The material progress and science has made men care less
than they should about the prospect of eternal life.

42. A return to a simpler, less mechanized 1ife would result
in happier, more contented people. (Progress and Meliorism)

43. It is not always appropriate for the Federal government
to demand that the scientific research it sponsors serve
the national policy ends. (Individualism)

46. A scientist's reputation should be as important in Jjudging
his findings as the techniques he uses in his research.
(Universalism)

53. All miracles have a scientific explanation. (Rationality)

57. More federal support to science should be in the form of
grants for general scholarship and exploratory research
rather than contracts for specified product research.
(Individualism)

Several themes seem to reside in these items: (1) Should scientific
research be directed toward national needs? (Items 36, 43, and 57) (2) What
impact has science had upon religion? (Items 29, 37, and 53) (3) What impact
has science and its resulting progress had upon people and their well-being?
(Items 37 and 42). Item 46 seems unrelated to these themes. However, this
single theme, the appeal to a scientific authority, and its general acceptance
by students should be most distressing to the scientist-educator. The Man's
Physical World student seemed concerned with the interaction of science with
other priorities of the society and with his capability to deal with the
- changes brought about by science.

General Physics versus Academic Physicists

The total score distributions for General Physics (GenP) students as
opposed to Academic Physicists for the rationality dimension are displayed

in Plate XVI. The mean score for the Physicists was 45.3, while the mean score
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PLATE XVI. Distributions of scores received for the rationality

value dimension by General Physics and Academic ‘

Physic1st'popu1ations.
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for the GenP students was 42.2. The items in this dimension that yielded
chi-square values significant at the .05 level are listed below, and their

respective distributions are displayed in Plates XVII and XVIII.

RATIONALITY
7. The skepticism of the scientist should be 1imited to
his work.

22. The unbounded inquiry of the scientists has had a bad
effect on society's moral standards.

29. When the findings or theories of science conflict with
Ee}igious belief, it is better to accept the religious

elief.

35. It is unlikely that a young scientist will make important
discoveries.

45, Scientific findings should not be made public if they
will create social unrest.

51. It is a good policy to base an important decision purely
on evidence even if it is the opposite of the decision
based on common sense.

53. A1l miracles have a scientific explanation.

54, Scientists go overboard on demanding evidence before
drawing conclusions.

The majority of items showed only a difference of degree of support of
rationality by the two populations. Items 7, 22, 35, 45, and 54 showed a
majority of individuals in both populations supporting rationality. Item 51,
discussed in Chapter II, showed the GenP students as well as the Physicists
supporting common sense rather than rationality. It should be noted, however,
that the 'common sense' of a Physicist is rather flexible and does not
necessarily bear relationship to the base of common sense assocfated with
a general population. To many physicists quantum mechanics has become
'common sense'. '

Items 29 and 53 were the only two items that showed differences in the‘
actual support of the value dimension. Item 29 showed forty-five percent of
GenP students undecided, although those receiving Likert scores of four or

five was over fifty percent. In contrast to the Physicists, however, the
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PLATE XVII. Items from the rationality dimension with chi-square
statistic significant at the .05 level. Likert
scores are plotted along the abscissa and percent
receiving that score along the ordinate. The solid
line represents the General Physics population, and
the broken 1ine represents the Academic Physicist

population.
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PLATE XVIII.

Items from the rationality dimension with chi-square
statistic significant at the .05 level. Likert
scores are plotted along the abscissa and percent
receiving that score along the ordinate. The solid
1ine represents the General Physics population, and
the broken 1ine represents the Academic Physicist

population.
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GenP students seemed unsure in supporting rationality as opposed to religious
beliefs. Item 53 indicated this difference in attitude even more strongly as
the GenP students were completely unwilling to support rationality to the
exclusion of other explanations of miracles.

1t would thus seem that the only phase of rationality with which the
GenP students and Physicists differ is the support of rationality as opposed
to religion. Neither population entirely supported rationality as opposed
to present knowledge and common sense, as operationalized in items 2 and 51.
Both populations supported rationality, the Physicists more strongly than the
GenP students, on the remaining items dealing with rationality as opposed to
societal stability, moral values, and youth. The GenP students were
supportive of rationality except in situations where rationality was
accepted at the exclusion of religious belief or truth.

The total score distributions for both populations for the value dimension
of utilitarianism are shown in Plate XIX. The mean score received by the
GenP population was 41.9, while the mean score received by the Physicist
population was 43.9. The utilitarianism items that yielded chi-square
values sigi*ficant at the .05 level are listed below. The accompanying
distributions are displayed in Plates XX and XXI. ‘

UTILITARIANISM

1. One important function of science is to demonstrate the
wonder and orderliness of God's universe.

5. Religious leaders should be constantly on guard against
the ideas and theories that scientists produce and explore.

6. Science is bound to lead our society into Godliness.

18. In order to be more effective, religious leaders should
know about recent major advances and developments in science.

26. The meaning of any discovery should be judged by man's moral
standards rather than by his intellectual need for truth. _

31. While man has become physically richer from the fruits of
science, he has become spiritually poorer.

52. The true meaning of any discovery should be judged by man's
physical wants and needs rather than by his moral standards.
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PLATE XIX. Distribution of scores received for the utilitarianism
value dimension by General Physics and Academic .

Physicist populations.
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PLATE XX.

Items from the utilitarianism dimension with
chi-square statistic significant at the .05
level. Likert scores are plotted along the
abscissa and percent receiving that score along
the ordinate. The solid line represents the
General Physics population, and the broken line

represents the Academic Physicist population
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PLATE XXI.

Items from the utilitarianism dimension with
chi-square statistic significant at the ;05
level. Likert scores are plotted along the
abscissa and percent receiving that score along
the ordinate. The solid line represents the
General Physics population, and the broken 1ine

represents the Academic Physicist population.
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Items 5, 6, 18, 26, and 31 showed a majority of both populations
supporting utilitarianism, the Physicists more strongly than the GenP
students. Support of utilitarianism in item 5 was particularly strong,
indicating that neither population felt that religion should fear the devel-
opments of science. Although items 6, 18, 26, and 31 also showed general
support of utilitarianism, well over twenty percent of the GenP students
were either undecided or nonsupportive of the value. These items dealt
with utilitarianism as opposed to religion and moral values.

Items 1 and 52 both indicated nonsupport of utilitarianism by both
populations with GenP students more nonsupportive than the Physicists. The
GenP student seemed to feel that science has a role in religion as a vehicle
for understanding a world created by some universal power. This is indeed
consistent with their response to item 27 in which they felt that a scientist
could also be committed to his religion. The Physicist, although not so much
in agreement with item 1, also indicated compatability between science and
religion in item 27. Item 52 asked for a commitment to utilitarianism as
opposed to morality. The majority of GenP students were either undecided or
committed to morality in this 1£em. while the vast majority of Physicists
were undecided about the issue.

The GenP students seemed committed to utilitarianism, although not as
strongly as the Phyéicists. Their concern with the relationship between
science and religion expressed in the rationality dimension seems.to occur
in the utilitarianism dimension, particularly in items 1, 31, and 18. Items
26 and 52 showed considerably more concern for thé relationship between science
and morality than was the case in the rationality dimension. These same

concerns seemed to be expressed by the Physicists. There appears to be only
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differences in degree of attitude between the two populations rather than
actual differences in the nature of the attitude.
The distributions of population scores on the universalism dimension
are displayed in Plate XXII. The mean response of the Physicists was 39.7,
and the mean response of the GenP population was 37.4. The differences
between the two populations with respect to universalism was not as great
as was the case with rationality. The items included in this value subset
that yielded chi-square statistics significant at the .05 level are listed
below. Their respective distributions are included in Plate XXIII.
UNIVERSALISM
11. There is no place in science for sexual deviants such
as homosexuals.
13. The work of any scientist should be judged without
regard for his political views.
41. Those who have a history of mental illness cannot be:
trusted to do important scientific work.
46. A scientist's reputation should be as important in
judging his findings as the techniques he uses in
his work.
A11 four items showed general support of universalism by both populations.
Item 13 differentiated between GenP students and Physicists only in the number
of individuals receiving a Likert score of five as opposed to a Likert score
of four. Items 11 and 41 showed a more significant percentage of GenP students
undecided. Both of these items dealt with groups who experience some prejudice
within the religious and moral norms of society. In this respect the GenP
students do not seem as committed to universalism as the Physicists. Item 46
showed a significant percentage of GenP students nonsupportive of universalism,
This 1tem dealt with judging a scientist's work by his reputation as much as
by his experimental procedures. As was the case with the Man's Physical

World population, this result seems to indicate that the student is willing .=
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PLATE XXIII.

Items from the universalism dimension with
chi-square statistic significant at the .05
level. Likert scores are plotted along the
abscissa and percent receiving that score along
the ordinate. The solid 116e represents the
General Physics population, and the broken Tine

represents the Academic Physicist population.
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to rely upon the judgement of experts in science rather than trusting his
own evaluation of the scientist's work.

The GenP students were committed to universalism, although not quite
as strongly as the Physicists. Differences lay in the expression of
universalism toward the mentally i11 or sexually deviant. In addition,
both popuié%kons were not particularly strong in the support of foreign
students studying science at American universities. In the case of the
- Physicist, this was primarily a result of the lean financial years science
is presently facing. It is unlikely that the same explanation was responsible
for the response given by the GenP student. Although the GenP students were
supportive of judging the work of a scientist by his experimental procedures,
a significant percentage were willing to judge his work equally upon his
reputation. '

The next value dimension included in the Science Support Scale was
individualism. The distributions of total scores for the two populations
are displayed in Plate XXIV. The Physicist was more supportive of individual-
ism, with the difference of mean response being approximately three points.
The items in this dimension that yielded chi-square values signficiant at the
.05 level are listed below. Their respective distributions are displayed in
Plate XXV.

INDIVIDUALISM

3. If one or two scientists have evidence which appears to
contradict current scientific belief, they are probably
wrong.

43, 1t is not always appropriate for the Federal government
to demand that the scientific research it sponsors serve
the national policy ends.

48. Scientific work should be judged primarily by the political
and social necessities of the nation and the world.
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PLATE XXIV. Distributions of scores received for the
individualism value dimension by General

% Physics and Academic Physicist populations.
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PLATE XXV.

Items from the individualism dimension with
chi-square statistic significant at the .05
level. Likert scores are plotted along the
abscissa and percent receiving that score along
the ordinate. The solid 1ine represents the
General Physics population, and the broken line

represents the Academic Physicist population.
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-49. Scientists could work more effectively if they were
organized and guided in their work by a Congressional
committee which was aware of national needs.

57. More federal support to science should be in the form
of grants for general scholarship and exploratory
research rather than contracts for specified product
research.

Items 3, 43, 48, and 49 all indicated that a majority of individuals in
both pop&1§?ions supported individualism. Support was particularly strong on
items 3 and 49. In the case of item 3 the GenP students were more strongly
supportive of individualism than the Physicists. Apparently more scientists
felt that the probability of an individual scientist being right as opposed
to the majority of scientists is quite Tow. This seems to be common of all
areas of specialized study, where the new idea is always viewed very
skeptically by others in the field. It is indeed interesting that the
students had a better perception of individualism in this case than the
actual practitioners in the field. Item 49 differentiated between the two
populations only in the percentages receiving Likert scores of four as
opposed to Likert scores of five. Both groups felt very strongly that
scientific research should not be organized by a Congressional committee.
Items 43 and 49 showed basic support of individualism, but more GenP students
expressed indecision or nonsupport of the value. There was apparently some
concern as to the role of science within society, and whether science
should be directed toward the problems of society.

Item 57 was the only item in thelindividua1ism dimension that showed a
sharp distinction between the GenP population and the Physicist population.
A large percentage of GenP students were undecided about the item, while the

majority of Physicists indicated support. Since the item dealt with the

guestion of 'applied research' as opposed to 'basic research', it would seem



104

that this question indicates the trend‘established in items 43 and 49. There
seemed to be a question as to what degree the government should direct
science toward national needs, although most felt science should not be
entirely directed in such a manner as indicated in item 43.
Two exceptions to the support of individualism not mentioned earlier
were expressed by both populations in items 40 and 32, shown below.
32. The scientist's activities must not violate the
basic values of his society.
40. In times of national emergency a scientist's

utmost concern should be for the contribution

he can make to his country's needs rather than

his own specific research interests.
Item 32 resulted in a bimodal distribution for both populations, while item
40 showed definite nonsupport of individualism. The second of these contra-
dicts the xiew of the scientist as one interested only in his own research
and unconcerned with the society around him. Item 32 perhaps reflects the
willingness of the scientist to work within the moral constraints of his
society with the prospect that those moral values are in part dependent upon
his work. The remaining items in the individualism subset indicated dif-
ferences between the two populations only in the degree of support of the
value. The single concern voiced by the GenP students lay with the role of
science toward dealing with societal problems as indicated in the responses
to items 43, 49, and 57.

The last value dimension to be considered is progress and meliorism.

The distributions of total scores for the two populations are shown in
Plate XXVI. The difference in mean response between the two populations was
approximately three points, with the Physicists more strongly supportive of
 the value. Those items that yielded a chi-square statistic significant at

_ the .05 level are listed on the next page. Their respective distributions are
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PLATE XXVI. Distributions of scores received for the progress
and meliorism value dimension by General Physics

and Academic Physipist populations.
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contained in Plate XXVII.
PROGRESS AND MELIORISM
8. Scientific inventions and discoveries have done more
good than bad for mankind.

14. It is not appropriate for man to tamper with the order
and intentions of Nature.

36. The scientific information which has been gathered as
a result of manned and unmanned space shots is well
worth the large sums of money which have been spent
on the projects.

47. The increased efficiency of computers does not justify
their use because of all the unemployment produced
when computers replace men.

55. It will be a good thing when machines free men of all
manual labor.

Items 8, 14, and 47 showed both populations supportive of progress and
meliorism, the Physicists more supportive than'the GenP students. Items 8
and 47 showed particular support of the value, indicating that the GenP
students felt scientific discoveries have contributed beneficially to the
world and that projected progress is worthwhile. Item 14 dealt with a
common objection to science; i.e., that man should not tamper with nature.
Nearly forty percent of the GenP students were either undecided or nonsup-
portive of progress in this context. Such an attitude is often associated
with strong religious inclinations, and this forty percent corresponds to
similar responses in the utilitarianism scale. (See items 1 and 31)

Item 36 showed the greatest differences between the populations. The
GenP students were primarily undecided about the issue, with as many sup-
porting the value as not supporting it. The majority of Physicists were
supportive of progress and meliorism in this item. These results indicate
concern with the priority given research in science, as represented by
manned and unmanned space shots. This response corresponds to the concern

expressed in the individualism subset toward research being applied to
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PLATE XXVII.

Items from the progress and meliorism dimension
with chi-square statistic significant at the .05
level. Likert scores are plotted along the
abscissa and percent receiving that score a1ong
the ordinate. The solid 1ine represents the
General Physics population, and the broken Tine

représents the Academic Physicist population.
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societal problems, as in item 57. Thus the results from this item seem to
align the item with the individualism subset.

Item 55 showed neither population supporting progress and meliorism.
The GenP students were particularly strong in their disagreement with the
statement, while the Physicists had nearly thirty percent of the respondents
undecided. While this item says nothing as to whether scientists feel their
work should be curtailed, it does suggest that they are aware of modern
man's difficulties in dealing with a highly technological world. The GenP
students felt even more strongly about this item, to the extent they were
actually nonsupportive of the value of progress and meliorism.

In general, both populations supported progress and meliorism. The
GenP students indicated concerns that had been reflected in earlier value
dimensions, namely concern as to the appropriateness of man's developments
in science and the place these developments have in modern society. Both
" the GenP students and the Physicists expressed awareness that modern man
is not entirely capable of adapting to the freedom from manual labor
increasing technology can provide.

In attempting to summarize these results, it appears that GenP students
and Physicists differed primarily in their support of rationality, individual-
ism, and progress and meliorism. They differed to a lesser extent in their.
support of universalism and utilitarianism. The difference in support was
primarily one of degree. However, there were several items in which the
GenP students were in the majority undecided or split between support and
nonsupport of a given statement. In the case of each of these items, the
Physicist population was in decided support of the value in question. These

items are 1isted on the following page.
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29, When the findings or theories of science conflict with
ge}jgious belief, it is better to accept the religious
elief.

31. While man has become physically richer from the fruits
of science, he has become spiritually poorer.

36. The scientific information which has been gathered as
a result of manned and unmanned space shots is well
worth the large sums of money which have been spent on
the projects.

53. A1l miracles have a scientific explanation.

57. More federal support to science should be in the form of
grants for general scholarship and exploratory research
rather than contracts for specified product research.

Two general themes emerge from these items. The first represents a
concern for the relationship between religion and science (items 29, 31,
and 53). A1l three items seem to place science and religion as antagonistic
to one another, requiring the respondent to choose between seemingly dif-
ferent ways of viewing the world. They seem to indicate that the GenP
student is unwilling to support science to the exclusion of religion, but
neither is he willing to support re11g16n to the exclusion of scinece. Item
31 perhaps suggests a question as to the balance to be maintained between
science and religion.

The second theme that appears to be present is concern for the type of
scientific research conducted. While the GenP population seemed unwilling
to suggest that all research be applied, items 36 and 57 indicate that there
is some question as to the usefulness of basic research. The difference
seems to be one of assignment of priority. The GenP students are apparently
aware of the usefulness of basic research, but feel that such re§earch
should address itself more toward problems of an immediate need. The recent
environmental problems seem to have provided a more urgent push toward this
attitude. While the GenP student does not suggest cessation of basic

research, he does express concern as to whether more applied research



should receive higher priority. This theme was also observed in the Man's
Physical World population.

Engineering Physics versus Academic Physicists

The total score distributions for the rationality value dimension are
displayed in Plate XXVIII. As was the case with the other two student
distributions, the Physicists were more supportive of rationality. The
mean score for the Physicists was 45.3, while the mean score for the
Engineering Physics (EngP) population was 42.5. The items that ylelded
chi-square values significant at the .05 level aré listed below. Their
respective distributions are contained in Plates XXIX and XXX.

RATIONALITY '

7. The skepticism of the scientist should be 1imited
to his work.

22. The unbounded inquiry of the scientists has had a
bad effect on society's moral standards.

35. It is unlikely that a young scientist will make
important discoveries.

51. It is a good policy to base an important decision
purely on evidence even if it is the opposite of
the decision based on common sense.

53. A1l miracles have a scientific explanation.

54, Scientists go overboard on demanding evidence before
drawing conclusions.

Items 7, 22, 35, and 54 all indicated that the EngP students were

12

indeed supportive of rationality, however, not as strongly as the Physicists.

As is indicated in the histograms, small differences existed in each of the
iower Likert scores, with considerable differences in the most supportive
category. The Physicist was more willing to strongly commit himself to the
value of rationality than the EngP student.

Item 51 has been discussed earlier in that the Physicists were not

supportive of rationality in the context of this item. The EngP stuﬁents'

were even less supportive of rationality in this item. It would appear that
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PLATE XXVIII. Distributions of scores received for the

Al

. rationality value dimension by Engineering

Physics and Academic Physicist populations.
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PLATE XXIX.

Items from the rationality dimension with
chi-square statistic significant at the .05
level. Likert scores are plotted along the
abscissa and percent receiving that score along

the ordinate. The solid line represents the

. Engineering Physics population, and the broken

Tine represents the Academic Physicist population.
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PLATE XXX.

Items from the rationality dimension with
chi-square statistic significant at the .05

Tevel. Likert scores are plotted along the
abscissa and percent receiving that score along ‘
the ordinate. The solid line represents the
Engineering Physics population, and the broken
Tine represents the Academic Physicist population.
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the engineering student is more dependent upon common sehse in judging
results than the Physicist. Such a trend would appear to indicate dif-
ferences between those working in applied fields rather than basic fields
in science. Applications seem to demand more utilization of common sense.

Item 53 was the single item that revealed differences in support or
nonsupport of rationality between the two populations. As can be observed
from the histogram, the EngP student was not supportive of the value,
remaining consistent with other student groups. The Physicists, while not
overwhelmingly committed to rationality in this case, were certainly far
more committed as a group than the EngP population. The EngP student did
not appear to be willing to support rationality to the exclusion of other «
explanations of miracles.

"The total score distributions for the utilitarianism dimension are
displayed in Plate XXXI. The Physicist appeared more supportive of the
value, with the difference in mean response being approximately two points.
The mean score for the Physicist population was 43.9, while the mean score
for the EngP population was 42.2, The items included in this value dimension
that yielded a chi-square statistic significant at the .05 level are listed
below. Their respective histograms are contained in Plate XXXII.

UTILITARIANISM

1. One important function of science is to demonstrate
the wonder and orderliness of God's universe.

5. Religious leaders should be constantly on guard
against the ideas and theories that scientists
produce and explore.

6. Science is bound to lead our society into Godliness.

26. The meaning of any discovery should be judged by man's
moral standards rather than by his intellectual need
for truth, -
37. The material progress of science has made men care

}?is than they should about the prospect of eternal
e, _
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PLATE XXXI. Distributions of scores received for the
utilitarianism value dimension by Engineering

Physics and Academic Physicist populations.
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PLATE XXXII.

Items from the utilitarianism dimension with
chi-square statistic significant at the .05

level. Likert scores are plotted along the
abscissa and percent receiving that score along
the ordinate. The solid line represents the
Engineering Physics population, and the broken
1ine represents the Academic Physicist population.
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52. The true meaning of any discovery should be judged
by man's physical wants and needs rather than by
his moral standards.

Differences between the two populations were not as clear as was the
case in the rationality dimension. Items 5, 6, and 26 indicated support of
utilitarianism by both populations, with the Physicists more strongly sup-
portive. Two of the items dealt with the relationship between science and
religion, while item 26 dealt with the relationship between science and
morality. The response to the items indicated that the EngP student does
not perceive science as a threat to religion, nor does he feel moral
standards should govern the work of scientists. Item 1 resulted in a
bimodal distribution for both the Physicists and the EngP students. However,
significantly fewer EngP students were willing to support utilitarianism;
these students split between being undecided and nonsupportive of the value.
It would appear that a larger percentage of EngP students accept science
within the context of religion than do the Physicists.

Item 37 showed differences between the two populations in support of
utilitarianism as opposed to remaining undecided. The Physicists were more
strongly ipportive of the value, although the EngP students were generally
supportive of utilitarianism. Item 5 indicated that while EngP students
feel that re]igion-shou1d not fear the developments of science, they still
express considerable concern about the effect science has had upon man's
relationship to religion. B

Item 52 showed both populations largely undecided. The EngP population,
however, had a much larger percentage both supportive and nonsupportive of
the item than did the Physicists. Both populations seemed to support

intellectual need for truth more strongly than man's physical wants and
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needs. This is probably a reflection of today's security toward the physical
necessities of life.

In general, both the Physicists and the Engineering Physics students
supported utilitarianism. The lack of any concrete pattern of differences
is a reflection of the small difference in mean scores for this dimension.
It would seem that the Engineering Physics student differs 1ittle from the
Academic Physicist in his acceptance of utilitarianism.

The third value dimension in the Science Support Scale was universalism.
The universalism score distributions for both populations are shown in
Plate XXXIII. The mean response of the Physicist population was 39.7, and
the mean score of the EngP population was 37.8. The items in this dimension
that yielded chi-square statistics significant at the .05 level are listed
below. Their respective histograms are displayed in Plate XXXIV.

UNIVERSALISM

11. There is no place in science for sexual deviants such
as homosexuals.
13. The work of any scientist should be judged without
regard for his political views.
Those who have had a history of mental illness cannot
be trusted to do important scientific work.
A scientist's reputation should be as important in

judging his findings as the techniques he uses in
his research.

41.
A

A1l four items showed both populations supportive of universalism.
Item 13 indicated only a difference in the degree of commitment to univer-
salism, with the Physicists being much more strongly committed. Items 1
and 41 indicated much the same trend. However, both items 11 and 13 show
thirty percent of the EngP students undecided. Evidently sexual deviants
and the mentally 111 are subject to some type of prejudice, although the

prejudice 1s not overtly expressed.
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PLATE XXXIII. Distributions of scores received for the
universalism value dimension by Engineering

Physics and Academic Physicist populations.
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PLATE XXXIV.

Items from the universalism dimension with
chi-square statistic significant at the .05

level. Likert scores are plotted along the
abscissa and percent receiving that score a1on§
the ordinate. The solid line represents the
Engineering Physics population, and the broken
1ine represents the Acddemic Physicist population.



129

‘PLATE XXXIV

o F=- 60
50 | : 50 b=
40 40 I©
30 20 |
20 20 |-
10 10
02 3 & &5 0™

ITEM 41 _ | ITEM 46



130

Item 46 showed both populations supportive of universalism. However,
the distributions indicated that twenty percent of the EngP students did
not support the value dimension. A number of Engineering Physics students
would judge a scientist's results as much upon his reputation as his exper-
imental procedure. Such a result is surprising in that it represents the
most significant deviation from support of universalism, and interestingly
enough deals with science itself.

The fourth value dimension to be considered is individualism. The
subset score distributions are shown in Plate XXXV. The Physicists were
more supportive of individualism than were the EngP students. The mean
score of the Physicist population was 44.9, while the mean score for the
EngP student population was 41.9. The items yielding a chi-square statistic
significant at the .05 level are listed below. Their respective histograms
are shown in Plate XXXVI.

INDIVIDUALISM

9. The administration of colleges or universities should
not discharge scientists whose political views are
unpopular.

19. The individual scientist is the best judge of what
research he should do.

43. It is not always appropriate for the Federal government
to demand that the scientific research it sponsors serve
the national policy ends.

48. Scientific work should be judged primarily by the
political and social necessities of the nation and
the world.

49, Scientists could work more effectively if they were
organized and guided in their work by a Congressional
committee which was aware of national needs.

A1l these items showed both populations supportive of individualism.
Item 49 showed only that a larger percentage of Physicists were willing to
strongly commit themselves to individualism, although both populations were

definitely supportive of the value. The remaining items, while they showed
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PLATE XXXV. Distributions of scores received for the
individualism value dimension by Engineering

Physics and Academic Physicist populations.
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PLATE XXXVI. Items from the individualism dimension with
chi-square statistic significant at the .05
. level. Likert scores are plotted along the
abscissa and percent receiving that score along
the ordinate. The solid line represents the
| Engineering Physics population, and the broken
1ine represents the Academic Physicist population.
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populations supﬁortive of individualism, had significantly larger percentages
of EngP students undecided or nonsupportive of the value. Items 43 and 48
both dealt with the relationship between government and science. Approxi-
mately tﬁenty-five percent of the EngP students felt that scientific work
should be considered in light of the needs of the society. This difference
between Physicists and EngP students is not surprising, as the work of the
engineer 1s-high1y oriented toward meeting some expressed need of the public.
These items additionally indicated, however, that the EngP students also
perceive the more basic role of science as a valid one as indicated by their
overall support of individualism. Items 19 and 43 supported this same
observation.
The last value dimension to be considered is progress and meliorism.
The subset score distributions are shown in Plate XXXVII. The Physicists
were more supportive of the value. The mean score of the Physicist population
was 43.7, and the mean score of the EngP population was 41.8. Only three
items yielded a chi-square statistic significant at the .05 level. These
ftems are listed below, and their respective histograms are shown in
Plate XXXVIII.
PROGRESS AND MELIORISM
14. It is not appropriate for man to tamper with the order
and intentions of Nature.

28. Technological advances in the future will probably be
nowhere as great as they have been in the past thirty

years.
55. It will be a good thing when machines free men of all
manual labor.
Items 14 and 28 indicated that both populations support progress and
meliorism. Item 14 showed the Physicists more strongly supportive of the

value, while item 28 showed the EngP students more strongly supportive of
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PLATE XXXVII. Distributions of scores received for the
progress and meliorism value dimension by
Engineering Physics and Academic Physicist

populations.
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PLATE XXXVIIi. Items from the progress and meliorism dimension
with chi-square statistic significant at the .05
level. Likert scores are plotted along the
abscissa and percent receiving that score along
the ordinate. The solid line represents the
Engineering Physics population, and the broken

1ine represents the Academic Physicist population.
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the value. Item 14 perhaps indicated a difference in the development of
the respective fields. Many physicists feel that the last half century has
witnessed major breakthroughs in science, and that the next few decades may
witness only minor developments. Engineering personnel are just now
encountering applications of many of the more recent breakthroughs, and
hence anticipate accelerated technological progress. Additionally, the
physicists might tend to be more conservative than engineers in their
categorization of advances in a field.

Item 55 showed neither population supportive of progress and meliorism.
The EngP students were particularly strong in their disagreement with the
statement. The EngP students appeared to be more 1ike the student popu-
lations in their response to this item, which seems rather surprising. It
would seem that the EngP students would support the development of better
technology, and hence would support the development of machines to replace
men in doing menial tasks. However, their response to this item suggests
than the EngP student, 1ike other students, feels a concern as to man's
ability to adapt to increasing technology that would free him from manual
labor.

In trying to summarize these comparisons, the EngP and Physicist
populations differed to some extent on. the value dimensions of rationality
~and individualism, and to a lesser extent on the value dimensions of utili-
tarianism, universalism, and progress and meliorism. The vast mqjority of
differences in item scores were differences in degree of support of the
particular valué. Item 53 was the only item upon which the EngP population
was undecided or nonsupportive of the value, while the Physicists were

supportive of the value. This item dealt with miracles, and placed the
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- EngP population clearly with other student populations. Item 26 showed
the Physicists undecided about the item with the EngP population clearly
in support of utilitarianism. With the exception of these items, the two

. populations differed only in their degree of response to the various items.
This difference in committed response accounted for the population dif-
ferences in total score. The Engineering Physics population appears to be
similar to the Academic Physicists in their general support of Barber's
value dimensions.

Summary

In attempting to summarize these results it is useful to recall the
mean total scores presented in Table V. The three student populations had
mean total scores at least twelve points below the mean total score of the
Academic Physicists, thus indicating a different attitude toward the societal
values supportive of science. Differences within the three student popu-
 lations were much smalier, with no apparent difference between the General
Physics population and the Engineering Physics population. There was a
trend of increasing mean total score from Man's Physical World to General
Physics to Engineé?ing Physics as was expected, with the General Physics
population being more similar to the Engineering Physics population in
attitude score.

The sults of the subset scores for the five value dimensions suggested
by Barber are summarized in Table VI. Except for the universalism dimension,
there was a trend of increasing subset score from Man's Physical World at
one extreme to the Academic Phys1cists at the other extreme. The three
student populations were nearly alike in their support of universalism,

supporting it less than the Academic Physicists. The dimensions were all
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TABLE VI,

Summary of mean scores obatined from the Man's Physical
World, General Physics, Engineering Physics, and .

Academic Physicist populations for Barber's value

dimensions.



Dimension

Rationality
Utilitarianism
Universalism
Individualism
Progress and Meliorism

TABLE VI
MPH GenP
0.4 42.2
40.4 2.9
37.6  37.4
40.4 0.7
39.2 40.3

EngP

42.3
42.2
37.8
42.0
41.9

Physicist

45.3
43.9
39.7
44.9
43.7
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well supported, the total possible score being sixty for all dimensions
except universalism, which had a maximum possible score of fifty, The
universalism score was lower due to fewer items. If the resulting scores
for the universalism dimension were adjusted to a twelve-item score 1ike the
other four dimensions, the mean would be approximately six or seven points
higher for each population. Thus, universalism was the most accepted value
dimension by all populations. The Academic Physicists supported rationality
and individualism slightly more than utilitarianism and progress and
meliorism. The Engineering Physics population supported all four of these
dimensions equally well. Both General Physics and Man's Physical World
populations supported progress and meliorism s1ightly less than the other
four dimensions.

In considering the individual items within these dimensions, the items
1isted below resulted in no concrete differentiation among the populations.

4. Science would be better off if scientists of Communist
and non-Communist countries could work together.
(Universalism)

10. An important furiction of the scientist today is to 5
question what man says he believes. (Rationality) e

15. The United States should encourage more students from
foreign countries to study science in American
universities. (Universalism)

16. Scientists should be free to explore all phases of man's
life and the universe about him. (Rationality)

20. Teaching machines promote improved education. (Progress
and Meliorism)

21. One important function of science is to teach people to
be critical thinkers, not believing everything they are
told. (Rationality)

24. The questions which are really important to man can never
be solved by science. (Utilitarianism)

30. Science, rather than religion, helps rid people of super-
stitious fears. (Rationality)

32. The scientist's activities must not violate the basic
values of his society. - (Individualism) _ _

33. Science should remain a predominantly male profession.
(Universalism)
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39, It would be much more pleasant to live in a country in
which you didn't even know about the rest of the world's
problems. (Progress and Meliorism) -
58. In the long run, man's lot will be improved by scientific
knowledge. (Progress and Meliorism)
Five of these items, items 4, 10, 20, 30, and 32, were items that were re-
moved from the refined Science Support Scale because of Tow critical ratios;
thus it was not surprising they did not differentiate between the various
populations. These items come from all five value dimensions, and at most
differentiate between two student populations.
Items 23, 27 and 42 differentiated the Man's Physical World population
from the remaining three populations. These three items are 1isted below.
23. The primary function of a college education in science
is to teach an appreciation for the findings of the
past great scientists. (Individualism)
27. It is possible for a man to be a dedicated scientist and
to be highly committed to his religious convictions.
(Utilitarianism)
42. A return to a simpler, less mechanized 1ife would result
in happier, more contented people. (Progress and Meliorism)
In looking at the distributions for these items, the Man's Physical World
population differed in degree of support of items 23 and 27, and was unde-
cided on item 42. The remaining student populations were very much 1like
the Academic Physicists in their response to these three items. The dif-
ferences in item 42 are perhaps the more significant, as they represent a
deviation from support of progress and meliorism. The Man's Physical World
students apparently felt that the mechanization of society could be
responsible for the discontent of modern man. The remaining student
populations appeared to be more aware of the responsibility of man's usage
of the results of science.
Items 6, 11, 26, 35, 51, 52, and 54 all differentiated principally

between the student groups and the Academic Physicists. The student
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populations were all very similar in their responses to these items,
responses that were significantly different from those of the Academic
Physicists. These items and their respective dimensions are 1isted below.
6. Science is bound to lead our society into Godliness.
(Utilitarianism)
11. There is no place in science for sexual deviants such
as homosexuals. (Universalism)
26. The meaning of any discovery should be judged by man's
moral standards rather than by his intellectual need
for truth. (Utilitarianism)
35. It is unlikely that a young scientist will make important -
discoveries. (Rationality)
51. It is a good policy to base an important decision purely
on evidence even if it is the opposite of the decision
based on common sense. (Rationality)
52. The true meaning of any discovery should be judged by
man's physical wants and needs rather than by his moral
standards. (Utilitarianism)

54, Scientists go overboard on demanding evidence before
drawing conclusions. (Rationality)

With the exception of item 11, the remaining items all come from the
rationality and utilitarianism value dimensions. It appears that the student
populations shared differences in these two particular value dimensions.

Two of the rationality items (items 51 and 54) referred to the individual's
image of how a scientist applies rationality. It is not surprising that the
student populations responded similarly to these items. A significant per-
centage of students were undecided about items 6, 26, and 52; thus dif-
ferentiating the student populations from the Academic Physicists. The
student popu]ationslappeared to be concerned with the method of judging the
worth of scientific endeavor.

A number of items provided no clear patter of differentiat1oh. These
items included items 3, 9, 17, 19, 34, 38, 41, 44, and 28. Each of these
jtems differentiated between at least two populations, but not between all
populations. The populations differentiated were different for each 1tem,



thus providing a 1ist of isolated items. For this reason these items will

not be discussed further. They are only of interest in a more detailed

" analysis of pairs of populations.

The remaining items showed a trend from support of the value dimension
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to less suppbrt or nonsupport of the value dimension from Academic Physicist

to Man's Physical World student. Some of the student populations grouped

together on a particular item, but the overall trend was still apparent.

These items indicated a dependence of the item response upon the student

population, establishing a trend in item response toward more support of

the value dimension.

below.

2.

5.

7.
8.
12.

]3.
14,
18.

22.
29.

1.

It is 1ikely that much of the scientific information

we have today will be demonstrated to be inaccurate

or inadequate in the future. (Rationality)

Religious leaders should be constantly on guard against
the ideas and theories that scientists produce and
explore. (Utilitarianism)

The skepticism of the scientist should be Timited to
his work. (Rationality)

Scientific inventions and discoveries have done more
good than bad for mankind. (Progress and Meliorism)
Modern science and inventions are responsible for much
of man's personal discontent and frustration.

(Progress and Meliorism)

The work of any scientist should be judged without regard
for his political views. (UniversaTism?

It is not appropriate for man to tamper with the order
and intentions of Nature. (Utilitarianism)

In order to be more effective, religious leaders should
know about recent major advances and developments in
science. (Utilitarianism)

The unbounded inquiry of the scientists has had a bad
effect on society's moral standards. (Rationality)
When the findings or theories of science conflict with
religious belief, i1t is better to accept the religious
belief. (Rationality)

While man has become physically richer from the fruits
of science, he has become spiritually poorer. (utilitarianism)

These items and their respective dimensions are listed
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36. The scientific information which has been gathered as
a result of manned and unmanned space shots is well
worth the large sums of money which have been spent on
the projects. (Individualism)

37. The material progress of science has made men care less
than they should about the prospect of eternal life.
(Utilitarianism)

43, It is not always appropriate for the Federal government
to demand that the scientific research it sponsors serve
the national policy ends. (Individualism)

45, Scientific findings should not be made public if they
will create social unrest. (Rationality)

46. A scientist's reputation should be as important in
judging his findings as the techniques he uses in his
research. (Universalism)

47. The increased efficiency of computers does not justify
their use because of all the unemployment produced when
computers replace men. (Progress and Meliorism)

48. Scientific work should be judged primarily by the
political and social necessities of the nation and the
world. (Individualism)

49, Scientists could work more effectively if they were
organized and guided in their work by a Congressional
‘committee which was aware of national needs. (Individualism)

50. Men are worthy of enjoying the fruits of scientific
discovery. (Utilitarianism)

53. A1l miracles have a scientific explanation. (Rationality)

55, It will be a good thing when machines free men of all
manual labor. (Progress and Meliorism)

56. When doing medical research, scientists should be able to
collect information of a highly personal nature. (Progress
and Meliorism) \

57. More federal support to science should be in the form of
grants for general scholarship and exploratory research
rather than contracts for specified product research.
(Individualism)

These items may be thought to be a scale which differentiates between students
in differeing fields of study as well as differentiating between students

and Academic Physicists. A1l of the value dimensions are equally repre-
sented with theréxcept1on of universalism. This distribution of items from
the value dimensions seems consistent with the mean score comparisons for the
various populations. These items differentiate over the widest range of
populations tested, and show a trend toward more support of the vnrioﬁs

values as a function of degree of technical major pursued.
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CHAPTER IV
FACTORED DIMENSIONS

Another approach to analyzing the population differences in attitude
toward societal values supportive of science is to assume no prior value
dimensions. The Science Support Scale is assumed to consist of fifty-eight
items representative of attitudes toward science and society. Factor
analysis is then applied to the fifty-eight variables to determine whether
any of the variables cluster into factors or value dimensions. The
questions being pursued by this approach are: (1) Do the items cluster
in value dimensions different from Barber's value dimensions? and (2) Do
the items cluster in different factors for different populations?

Factor analysis is essentially a mathematical model whereby a set of
variables may be resolved linearly in terms of a smaller number of factors.
In the method of principal components utilized for this study, the variables
are expressed as a linear sum of factors, as shown in the equations beldw.

2y = apfptapfy+ 00ttt agf

m
zy = anFytanf,+ 0 ra, fy
zn - an]FI % an2F2 A aanm

In these equations z; represents the standard score for variable (item) i,
ay js the factor loading for variable 1 on factor 1, n is the number of
variables, and m is the number of factors. The sum of the squarés of the
factor loadings for a given variable is called the communality of that

variable and is an expression of the portion of variance in that variable
accounted for by the factors. The sum of communalities is thus the t;tal

variance accounted for by the factor pattern, where the total variance of
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the variables is just equal to the number of variables. The sum of the
squares of the factor loadings for a given factor is called the eigenvalue

of that factor, and represents the variance of the items accounted for by
that factpt\ For exact reproduction of the correlations among the variables
the number ;f factors would have to be equal to the number of variables.
However such a solution provides no economy of description. Hence in a
practical situation, only a few factors that account for a maximum percentage
of the variance are retained.

The factor analyses were performed using POLFAC, Political Science
Multi-Set Factor Analysis Program, by Lon Mackelprang, University of Iowa.49
Factors were extracted by the principal axis method of Hote'lHng.sG’51 Thus
unities were retained in the diagonal of the correlation matrix, and eigen-
values were restricted to 2.0 or greater. The resulting factor matrix was
rotated according to the Varimax method to obtain the best solution of
factors.52 For comparison purposes with the work done by Schwirian, factor
loadings of 0.4 or greater were used to identify variables constructing
the factors.53 A11 computations were performed using an IBM 360/50 computer.
The Man's Physical World and General Physics populations both yielded four
factors. The Engineering Physics population yié]ded a solution of six
factors, and the Academic Physicist population yielded a solution of ten

factors. The factor loadings, communalities, and resulting variable

constructs are discussed in the pages to follow.
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Man's Physical World

Factor analysis of the Man's Physical World population yielded four
factors with eigenvalues of 2.0 or greater. These four factors accounted
for 25.3 percent of the total variance. The factor loadings and
communalities are contained in Table VII.

The first and strongest factor obtained for Man's Physical World
students contained the following items:

5. Religious leaders should be constantly on guard against
the ideas and theories that scientists produce and
explore. (Utilitarianism)

11. There is no place in science for sexual deviants such as
homosexuals. (Universalism)

22. The unbounded inquiry of the scientists has had a bad
effect on society's moral standards. (Rationality)

33. Science should remain a predominantly male profession.
(Universalism)

34, Fellowships and scholarships in the sciences are better
spent on men than on women. (Universalism)

35. It is unlikely that a young scientists will make important
discoveries. (Rationality)

38. If a student is very bright, he should be channeled into
science because we need good scientists. (Universalism)

41. Those who have had a history of mental illness cannot be
trusted to do important scientific work. (Universalism)

49, Scientists could work more effectively if they were
organized and guided in their work by a Congressional
committee which was aware of national needs. (Individualism)

55. It will be a good thing when machines free men of all
manual labor. (Progress and Meliorism)

The majority of items come from the original universalism dimension. The
inclusion of item 35 in this factor seems appropriate as the possibility of

a young person or an older person making discoveries should be independent

of their age and dependent upon their training in science. They should be
judged upon criteria associated with the probability of making discoveries, not
upon age. Items 5 and 22 suggest that those who accept universalism as a
worthwhile value also extend this universalism in judging the impact science

has had upon religion and morality. Similarly item 49 suggests that a
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 TABLE VII. Factor loadings above 0.4 and communalities for
each item are shown for the factors extracted

from the Man's Physical World population.
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TABLE VII
nﬁfﬁ'gr 1 2 Eagtoes 3 4 Oommunalities
1. .529 0.334
2. 0.029
3. 0.194
4, -.495 0.295
5. -.474 0.317
6. 0.192
7. 0.136
8. 0.245
9, -.410 0.306
10. 0.108
1. -.429 0.249
12. -.470 0.280
13. -.535 0.402
14, -.515 0.273
15. 0.169
16. -.519 0.339
17. 0.071
18. 0.180
19. 0.143
20. 0.095
21. -.476 0.260
22. - .459 0.339
23, 0.178
24, -.458 0.267
25. -.489 0.356
26. 0.285
27. 0.201
28. 0.169 -
29, .528 0.450
30. .429 0.321
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TABLE VII: (continued)

5;;:r ] Z_F- Lors 3 3 Communalities
31. -.473 0.251
32. .458 0.252
33. -.584 0.428
34, -.555 0.349
35. -.482 0.301
36. -.542 0.329
37 -.403 0.230
3B -.525 0.281
39. 0.240
40. : 423 0.247
41, -.552 0.331
42, -.574 0.359
43, 0.133
44, 0.149
45, 0.178
46. 0.224
47. 0.256
48, 0.195
49, -.457 0.326
80: 0.236
51. 0.212
h2. 0.311
53. .462 0.389
54, 0.135 \
55. .531 0.359
56. ' 0.135
57. 0.142
58. -.414 -.511 0.448 _
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Congressional committee's ability to organize and guide science be judged
against the guidelines of a scientist's ability to organize scientific
research. Thus this factor seems to represent the universalism dimension
in that it suggests that people be judged equally upon criteria that are
relevant to the task at hand.

The second factor obtained included the items Tisted below.

1. One important function of science is to demonstrate the
wonder and orderliness of Gods's universe. (Utilitarianism)

29, When the findings or theories of science conflict with
religious belief, it is better to accept the religious
belief. (Rationality)

30. Science, rather than religion, helps rid people of
superstitious fears. (Utilitarianism)

32. The scientist's activities must not violate the basic
values of his society. (Individualism)

40. In times of national emergency a scientist's utmost concern
should be for the contribution he can make to his country's
needs rather than his own specific research interests.
(Individualism)

53. A1l miracles have a scientific explanation. (Rationality)

Four of these items were part of Factor 1 obtained by Schwirian.54
Schwirian called this factor the Realm of S;ience - Real of Religion
Factor. The items obtained in this study suggest much the same interpre-
tation. A1l of the items deal with some type of conflict, either between
science and morality in the case of items 32 and 40, or between science and
religion ir~the remaining items. This factor suggests concern with what
regions of man's Tife and behavior science should attempt to explain. As
Schwirian states, "We are apparently dealing here with the views that
individuals hold regarding what is the business of science and what is the
business of religion in regard to explanations of man's world and man's

behav1or."55

From Table VII it may be seen that six items cluster together to

form the third factor. These items are 11sfed on the following page.
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4, Science would be better off if scientists from Communist
and non-Communist countries could work together.
(Universalism)

9. The administration of colleges and universities should
not discharge scientists whose political views are

unpopular. (Individualism)
13. The work of any scientist should be judged without regard
for his political views. (Universa1ism?
16. Scientists should be free to explore all phases of man's
life and the universe around him. (Rationality)
21. One important function of science is to teach people to
be critical thinkers, not believing everything they
are told. (Rationality)
58. In the long run, man's lot will be improved by scientific
knowledge. (Progress and Meliorism)
The first three of these deal with science and politics, and in some sense
refer back to the universalism scale. The inclusion of item 21 indicates
that the function of science in teaching people to be critical thinkers is
congruent with allowing the sc1entist to feel as he wishes toward political
groups. This activity of science does not conflict with society, but rather
complements the values already accepted by individuals within that society.
Item 58 suggests a basic optimism toward the inclusion of science within
society, and suggests that it may be successful in this role. However, it
should be noted that item 58 loads more heavily in the next factor group.
This dimension seems to place science within a role that would have it
contribute to individuals thinking more for themselves and being free to
make decisions they feel are acceptable. This factor is distinguished
from Factor 2 in that it omits any items dealing with such an attitude
toward religion and morality.
The items clustering together to form Factor 4 are listed below.
12. Modern science and inventions are responsible for much
of man's personal discontent and frustration. (Progress
and Meliorism) .

14. It is not appropriate for man to tamper with the order
and intentions of Nature. (Progress and Meliorism)
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24. The questions which are really important to man can
never be solved by science. (Utilitarianism)

25, The United States government should not take on the
function of directing and coordinating American
science as a whole. ?Individua11sm)

31. While man has become physically richer from the
fruits of science, he has become spiritually poorer.
(Utilitarianism)

36. The scientific information which has been gathered as
a result of manned and unmanned space shots is well
worth the large sums of money which have been spent i
on the projects. (Progress and Meliorism) '

37. The material progress of science has made men care
less than they should about the prospect of eternal
life. (Utilitarianism)

42. A return to a simpler, less mechanized 1ife would
result in happier, more contented people. (Progress
and Me1iorism§

58. In the long run, man's lot will be improved b
scientific knowledge. (Progress and Meliorism

The majority of items refer in some manner to the mechanical results of
science, as in items 12, 31, 37, and 42. These items coupled with the |
utilitarianism items (items 14, 24, and 31) indicate a relationship
between the technology and impact of science upon man. This factor repre-
"sents a dimension associated with the impact technology has had upon man.
This factor appears to be similar to Factor 3 obtained by Schwirian.56
Thus 1t appears that the factors extracted from a factor analysis of

the Man's Physical World population are different from Barber's original
value dimensions. The first factor could certainly be considered the
| universalism dimensfon. But the remaining three factors are blends of the
value dimensfons and represent distinct values. The second factor essentially
represents a value distinguishing between the roles of science and religion

in dealing with man. The third factor identified a distinct role of science
as one of encouraging free thought toward some areas of society. The fourth

-

factor suggests a concern toward technology and its impact upon man.
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General Physics

Factor analysis of the General Physics population also yielded four
factors with eigenvalues of 2.0 or greater. These factors accounted for
25.1 percent of the total variance. Thus these factors seem to be equally
comprehensive as those identified for Man's Physical World. The factor
loadings and communalities are contained in Table VIII.

The first and strongest factor obtained for the General Physics
population contained the following items:

11. There is no place in science for sexual deviants such
as homosexuals. (Universalism)

33. Science should remain a predominantly male profession.
(Universalism)

34. Fellowships and scholarships in the sciences are better
spent on men than on women. (Universalism)

38. If a student is very bright, he should be channeled into
science because we need good scientists. (Universalism)

49, Scientists could work more effectively if they were
organized and guided in their work by a Congressional
committee which was aware of national needs.

(Individualism)

54. Scientists go overboard on demanding evidence before
drawing conclusions. (Rationality)

With the exception of item 54, these items were also contained in Factor 1
extracted from the Man's Physical World population. The majority of items
come from the universalism dimension. The inclusion of item 54 seems to
suggest thft the activity of scientists in demanding evidence in congruent
with the application of universalistic norms in judging people, phenomena,
etc. Thus item 54 seems to fit this dimension in its concern for critical
judgement of all things. This factor represents the universalism dimension
identified by Barber.

As indicated in Table VIII, the items making up the second factor for

-

the General Physics population are as 1isted on the next page.
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TABLE VIII. Factor loadings above 0.4 and communalities for

each item are shown for the factors extracted

from the General Physics population.
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TABLE VIII
Nlluzbegr 1 2 rctors 3 4 Communalities
1. -.410 0.428
2. 0.067
3., 0.066
4. -.426 0.192
5. 0.241
6. 0.128
7. 0.192
8. 0.145
9. -.408 0.203
10. 0.200
11. 442 0.226
12. .582 0.349
13. -.474 0.260
14, 0.227
15. -.413 0.218
16. -.472 0.364
17. 0.085
18. 0.157
19. 0.071
20. 0.108
21. -.533 0.313
22, .601 0.410
23. 0.226
24, 0.238
25, 0.212
26. 0.287
27. 0.287 _
28. 0.176
29, -.461 0.416
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TABLE VIII: (continued)
Item Factors '
Number 1 2 4 Communalities
30. -.512 0.357
31. .613 0.391
e - 412 0.280
33. .487 0.386
34, .480 0.299
35, -.409 0.280
36. 0.225
37. .560 0.330
38. .434 0.256
39. 0.117
40. 0.136
a1. 0.298
4z. .450 0.287
43. 0.157
44. 0.250
45. 0.211
46. 0.182
47. .575 0.459
48. 0.253
49, 511 0.268
50. -.470 0.331
51. -.516 0.280
52, -.586 0.350
53. -.576 0.337
54. .465 0.320
85. -.489 0.372
56. | 0.244
57. 0.081
58. -.529 0.365
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1. One important function of science is to demonstrate the
wonder and orderliness of God's universe. (Utilitarianism)

29, When the findings or theories of science conflict with
religious belief, it is better to accept the religious
belief. (Rationality)

30. Science, rather than religion, helps rid people of

. ~superstitious fears. (Utilitarianism)

32." The scientist's activities must not violate the basic values
of his society. (Individualism)

51. It is a good policy to base an important decision purely on
evidence even if it is the opposite of the decision based on
common sense. (Rationality)

52. The true meaning of any discovery should be judged by man's
physical wants and needs rather than by his moral standards.
(Utilitarianism)

53. A1l miracles have a scientific explanation. (Rationality)

§5. It will be a good thing when machines free men of all
manual labor. (Progress and Meliorism)

Items 1, 29, 30, 32, and 53 were all items in the second factor extracted
from the Man's Physical World population. Items 51, 52, and 55 were
added to this dimension by the General Physics population. This factor
is concerned with the conflict between science and other aspects of society
such as morality and religion. Item 51 adds an additional aspect of society
to this 1ist of conflicts, in that it deals with science versus common sense.
This dimension is slightly altered from the form identified in the Man's
Physical World analysis, but still contains the overall theme of concern
with the business of science as opposed to the business of other aspects of
society in dealing with man.

Factor 3 contained nine items, many of which were similar to the items
found in Factor 3 for the Man's Physical World population. The items that
may bé jdentified with Factor 3 for the General Physics population are listed

below.

4. Science would be better off if scientists of Communist
and non-Communist countries could work together. -
(Universalism)

9. The administration of colleges or universities should not
discharge scientists whose political views are unpopular.
(Individualism)



13.
15,

16'
21.

35.
50.
58.
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The work of any scientist should be judged without

regard for his political views. (Universalism)

The United States should encourage more students from
foreign countries to study science in American
universities. (Universalism)

Scientists should be free to explore all phases of

man's 1ife and the universe around him. (Rationality)

One important function of science is to teach people

to be critical thinkers, not believing everything

they are told. (Rationality)

It is unlikely that a young scientist will make important
discoveries. (Rationality)

Men are worthy of enjoying the fruits of scientific
discovery. (Utilitarianism)

In the long run, man's lot will be improved by scientific
knowledge. (Progress and Meliorism)

This factor contained all the items identified in Factor 3 of the Man's

Physical World population. Items 15, 35, and 50 were added to this factor

by the General Physics population. The addition of these items does not

appear to appreciably change the orientation of the dimension. These items

have in common an attempt to judge people, evidence, results on the basis

of some universalistic standards. This factor is distinguished from Factor 1

in that the items deal more specifically with the interaction of scientists

within society or the role of science in a society, rather than with the

choice of individuals judged suitable for going into science as a career.

The fourth and last factor identified for the General Physics

population contains the items listed below.

12.

22.
31.
37.

42.

Modern science and inventions are responsible for much

of man's personal discontent and frustration. (Progress

and Meliorism)

The unbounded inquiry of scientists has had a bad effect
on society's moral standards. (Rationality) ‘

While man has become physically richer from the fruits of
science, he has become spiritually poorer. (Utilitarianism)
The material progress of science has made men care less
than they should about the prospect of eternal Tife.
(Utilitarianism) B}

A return to a simpler, less mechanized 1ife would result

in happier, more contented people. (Progress and Meliorism)
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47. The increased efficiency of computers does not justify
their use because of all the unemployment produced when
computers replace men. (Progress and Meliorism)

Once again this factor is very similar to Factor 4 obtained by the Man's
Physical World population. With the exception of item 22, the items refer
in some manner to the mechanical or physical results of science. This
dimension represents an area of concern toward the effects of scientific
researchlwi;h respect to increasing technology, and technology's impact
upon man. \

The factors extracted from the factor analysis of the General Physics
population are remarkably similar to the Man's Physical World population.
It appears that the two populations have similar concerns, in particular
the concerns reflected in General Physics Factors 2 and 4. Factor 1 appears
to be similar to the universalism dimension described by Barber and seems to
be restricted to items dealing with judging individuals worthy of pursuing
science. Factor 2 deals with the conflict between religion and science in
dealing with man, and to some degree extends the conflict to include other
aspects of society. Factor 3 seems to express an acceptable role for
science within society. It carefully distinguishes, however, such inter-
actions from the concerns expressed in Factor 2. The fourth and last factor

expresses a concern for the impact of technology upon man.

Engineering Physics

Factor analysis of the Engineering Physics population yielded six
factors with eigenvalues of 2.0 or greater; These factors accounted for
32.0 percent of the total variance, slightly more than was accounted for
by factoring in the other two student populations. The factor loadings and

communalities are contained in Table IX.
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TABLE IX. Factor loadings above 0.4 and communalities for
each item are shown for the factors extracted

from the Engineering Physics population.
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TABLE IX
Facto
5;§§r 1 2 3 = 4 5 6 Communalities
T -.445 0.522
& 0.109
3. 0.072
4. 0.175
B -.504 0.299
6. .610 0.420
;. .583 0.423
8. 515 0.359
9. 0.163
10. | 0.340
11. -.557 0.458
12+ 0.299
13. -.525 0.403
14, .601 0.453
15. | 0.166
1. 0.353
17. 496 0.318
18. 0.287
19. 0.156
20. .445 0.270
21. 0.297
22. -.489 0.300
23, .564 0.383
24. -.412 0.484
25, -. 445 0.355
26. 0.439
27. .435 0.241
28. -.447 0.319
29. -.503 -.416 0.419
30. ) 0.337
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TABLE IX: (continued)
umber 1 F“:ws 4 B | § | eerminies
31. -.482 0.344
32. -.420 0.440
33. -.439 0.305
34, -.435 0.383
35. 0.329
36. -.577 0.431
37, -.520 0.383
38. -.438 0.392
39. 0.258
40. -.430 0.409
41. .499 0.41
42. 0.388
43, 0.164
44, -.464 0.300
45, 0.231
46. -.418 0.307
47. -.570 0.456
48, 0.236
49, -.413 0.280
50, | . 0.156
51. 0.260
52, -.487 0.287
53. -.610 0.434
54. 0.133
55. 0.186
56. .402 0.332
57. -.454 0.229
58. .490 0.380




As can be seen from Table IX, seven items clustered together to
form Factor 1. These items are listed below.

7. The skepticism of the scientist should be 1imited to
his work. (Rationality)
8. Scientific inventions and discoveries have done more
good than bad for mankind. (Progress and Meliorism)
14. It is not appropriate for man to tamper with the order
and intentions of Nature. (Progress and Meliorism)
20. Teaching machines promote improved education. (Progress
and Meliorism)
38. If a student is very bright, he should be channeled into
science because we need good scientists. (Universalism)
56. When doing medical research, scientists should be able to
collect information of a highly personal nature. (Progress
and Meliorism)
58. In the long run, man's lot will be improved by scientific
__knowledge. (Progress and Meliorism)
\

The thread linking these items seems to be a belief in progress and
meliorism, and a belief in the ability of science to contribute positively
to that progress. Item 7 seems consistent with this attitude, in that one
who feels that science could contribute to progress would similarly feel
that science and its techniques should be extended to other areas of life.
Item 38 also seems consistent in that those who are highly committed to
progress based on science would want the bright students channeled into
fields based on their inclinations. In essence this factor represents one
aspect of the progress and meliorism dimension suggested by Barber.

The second factor extracted from the Engineering Physics population
consisted of only three items. Three items was judged too small a number
of items to represent an actual value dimension by Schwirian.57 ‘The items
in this factor are listed below.

6. Science is bound to lead our society into Godliness.
(Utilitarianism)
23. The primary function of a college education in science .

is to teach an appreciation for the findings of the
past great scientists. (Individualism)

168
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24. The questions which are really important to man can
never be solved by science. (Utilitarianism)

Two of the items come from the original utilitarianism scale and the third
item comes from the individualism scale. It is difficult to recognize a
common thread in just three items, but it should be pointed out that this
particular factor accounted for nearly as much variance as other factors
containing more items. |

The third factor extracted by the factor analysis consisted of the

items 1isted below.

5. Religious leaders should be constantly on guard against the
ideas and theories that scientists produce and explore.
(Utilitarianism)

22. The unbounded inquiry of the scientists has had a bad effect
on society's moral standards. (Rationality)

29, When the findings or theories of science conflict with
religious belief, it is better to accept the religious
belief. (Rationality)

31. While man has become physically richer from the fruits of
science, he has become spiritually poorer. (utilitarianism)

37. The material progress of science has made men care less than
they should about the prospect of eternal life. (Utilitarianism)

40. In times of national emergency a scientist's utmost concern
should be for the contribution he can make to his country's
needs rather than his own specific research interests.
(Individualism)

44. Scientists could work more effectively if they were organized
and guided in their work by a man who has proved himself to
be an outstanding scientists. (Individualism)

49. Scientists could work more effectively if they were organized
and guided in their work by a Congressional committee which
was aware of national needs. (Individualism)

The first six items clearly address themselves to the conflict between sciencg
and religion or moral standards. Thus they are similar in naturg to Factor'é{
obtained for the Man's Physical World and General Physics populations. The

inclusion of items 44 and 49 seem congruent, in that those who were concerned
about the role of science as opposed to the role of religion, moral standards,

or societal standards might favor some type of control of science. They
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would thus impose limitations upon individualism in an effort to exert better
control over the impact of science upon religious and moral standards.

Table IX shows five items clustering to form Factor 4. These items are .
1isted below.

17. Federal scholarship programs for training scientists
should be 1imited to citizens of the United States.
(Universalism)

25. The United States government should not take on the
function of directing and coordinating American science
as a whole. (Individualism)

28. Technological advances in the future will probably be
nowhere as great as they have been in the past thirty
years. (Progress and Meliorism)

36. The scientific information which has been gathered as
a result of manned and unmanned space shots is well worth
the large sums of money which have been spent on the
projects. (Progress and Meliorism)

47. The increased efficiency of computers does not justify
their use because of all the unemployment produced when
computers replace men. (Progress and Meliorism)

The last three items clearly set the tone of the dimension as beiﬁg one of
support of the progress represented by science. The inclusion of items 17
and 25 seem inconsistent. Perhaps if an individual supported the degree of
progress and expenditures provided science during the past decade, he would
see no reason for an outside agency to control and direct science. Along
this same vein, it would seem that this individual would see no reason to
limit the United States' resources in science by restricting scholarship
program to American citizens. This factor is distinguished from Factor 1 in
that it refers to concrete results of science rather than general viewpoints
toward science, and represents a belief that the progress science has
provided during the past few decades has been worthwhile.

Factor 5 was found to be constructed primarily from six items. These
items are listed below. i

11. There is no place in science for sexual deviants such as
homosexuals. (Universalism)



13. The work of any scientist should be judged without regard
for his political views. (Universalism)

33, Science should remain a predominantly male profession.
(Universalism)

34. Fellowships and scholarships in the sciences are better
spent on men than on women. (Universalism)

46. A scientist's reputation should be as important in judging
his findings as the techniques he uses in his research.
(Universalism)

57. More federal support to science should be in the form of
grants for general scholarship and exploratory research
rather than contracts for specified product research.
(Individualism)

A11 but one of these jtems came from the original universalism dimension.
Item 57 came from the individualism subset and does not seem to fit with
the other items, although its factor loading clearly places it in this
factor. Perhaps this item.implies a relationship between judging a man
upon his work, and then allowing him to pursue the work he perceives as
being worthwhile. In any case, this factor clearly represents the
universalism dimension defined by Barber.

The last factor extracted from the Engineering Physics population
consisted of seven items. These items are 1isted below.

1. One important function of science is to demonstrate the
wonder and orderliness of God's universe. (Utilitarianism)

27. It is possible for a man to be a dedicated scientist and
to be highly committed to his religious convictions.
(Utilitarianism)

29. When the findings or theories of science conflict with
religious belief, it is better to accept the religious
belief. (Rationality)

32. The scientist's activities must not violate the basic
values of his society. (Individualism)

41. Those who have had a history of mental illness cannot be
trusted to do important scientific work. (Universalism)

§2. The true meaning of any discovery should be judged by

' man's physical wants and needs rather than by his moral
standards. (Utilitarianism)

53. A1l miracles have a scientific explanation. (Rationality)

This factor corresponds to Factor 2 extracted from both the Man's Physical

World and General Physics populations. The add1t1on of item 27 to this

17
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factor seems congruent, and probably reflects concern on the part of the
engineer as to his relationship to science and religion. The addition of -
item 41 to this factor, however, is rather surprising. This particular
factor appears to address itself to the conflict between science and other
aspects of society which at times compete in dealing with man's behavior.

In general, five useful factors were extracted from the data obtained
from the Engineering Physics population. Two of the factors, Factor 1 and
Factor 4, both deal with aspects of progress and meliorism. The Engineering
Physics population seems to have differentiated between.these two aspects
although the original progress and meliorism dimension did not. These two
factors dealing with progress and meliorism are quite distinct, one based
upon an idealistic view and the other on a more materialistic view. Factor 4
refers to support of the various results and developments made by science
in the past few decades, while Factor 1 refers to the general philosophical
support of the trends of scientific research. Factor 5 clearly represents the
universalism dimension as originally defined. Factors 3 and 6 both deal
with the conflict between science and other aspects of society, such as
religion, mofa] standards, and societal standards. The items in Factor 3
seem to refer more specifically to the results of scientific research, while
the items in Factor 6 seem to address themselves to the approach taken by
scientists in general. Factor 3 in essence fis concerned primarily with the
actual impact science has had upon religion, while Factor 6 is ;pncerned with
whether science and religion can theoretically coexist.

Academic Physicists

Factor analysis of the Academic Physicist population yielded ten factors

with eigenvalues of 2.0 or greater. Of these ten factors, only seven were of
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reasonable size for consideration. These ten factors accounted for 60.6
percent of the total variance. The Academic Physicist population appears
to have been a more homogenous population. The factor loadings and
communalities are contained in Table X.

As can be seen from Table X, five items clustered to form the first
factor. These items are listed below.

4. Science would be better off if scientists of Communist
and non-Communist countries could work together.
13. The work of any scientist should be judged without regard
for his political views. (Universalism)
19. The individual scientist is the best judge of what research
he should do. (Individualism).
27. It is possible for a man to be a dedicated scientist and to
be highly committed to his religious convictions,
(Utilitarianism)
37. The material progress of science has made men care less than
they should about the prospect of eternal life.
(Utilitarianism)
Although only one item came from the individualism subset, the focus of this
factor seems to be upon individualism. This individualism is extended
beyond deciding what research to do, to deciding what political views to
hold, to what religious convictions to accept, and to what type of
scientists with whom to interact. The last items seems to suggest that
man decides for himself whether to care about eternal 1ife, and thus science -
itself has no impact upon that decision.

The second factor extracted from the Academic Physicist population was
the strongest factor and consisted of nine items. The items that clustered
to form Factor 2 are 1isted below.

7. The skepticism of the scientist should be limited to his
work. (Rationality)

8. Scientific inventions and discoveries have done more good
than bad for mankind. (Progress and Meliorism) 5
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9.

33.
34.

The administration of colleges and universities should not
discharge scientists whose political views are unpopular.
(Individualism)

Science should remain a predominantly male profession.
(Universalism) .
Fellowships and scholarships in the sciences are better

. ~5pent on men than on women. (Universalism)

35.
38.
2.

57.

‘It is unlikely that a young scientist will make important
discoveries. (Rationality)
If a student is very bright, he should be channeled into
science because we need good scientists. (Universalism)
The true meaning of any discovery should be judged by
man's physical wants and needs rather than by his moral
standards. (Utilitarianism)
More federal support to science should be in the form of
grants for general scholarship and exploratory research
rather than contracts for specified product research.
(Individualism)

Although no one dimension clearly dominates, it appears as though this

factor is emphasizing the universalism dimension.
38 clearly reflect this dimension.
readily fit this trend.
similarly are supportive of general research, scientific progress and the
extension of skepticism to many fields of endeavor.
jtems, however, the trend of universalism appears to be the dominant theme.

The third factor obtained consisted.of six items.

1isted below.

22,
28.

35.

44.

53.
56.

The unbounded inquiry of the scientists has had a bad
effect upon society's moral standards. (Rationality)
Technological advances in the future will probably be
nowhere as great as they have been in the past thirty
years. (Progress and Meliorism)

It is unlikely that a young scientist will make

important discoveries. (Rationality)

Scientists could work more effectively if they were
organized and guided in their work by a man who has

proved himself to be an outstanding scientist.
(Individualism) .

A1l miracles have a scientific explanation. (Rationality) _
When doing medical research, scientists should be able to
collect information of a highly personal nature. (Progress
and Meliorism)

Items 9, 33, 34, 35, and
The remaining four items do not seem to
Perhaps individuals supportive of universalism

Regardless of these

These items are
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TABLE X. Factor loadings above 0.4 and communalities for

each item are shown for the factors extracted

from the Academic Physicist population
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Except for item 44, this factor consists of rationality and progress and
meliorism items. This combination seems consistent, in that an individual
supportive of rationality will similarly feel that the progress resulting
from the application of rationality is favorable. Items 22, 28, and 56
are particularly reflective of this general support of science as having
a favorable impact upon society. Item 53 is reflective of a commitment to
the further extension of rationality. Items 35 and 44 refer to individuals
within the scientific community, and perhaps suggest that traditionalism
as vested in age or in authority should not guide a scientist's work. Thus
in this sense they both refer to the rationality dimension. The general
thrust of this factor is toward rationality, with a lesser theme of
progress. Factor 3 suggests a support of science, its methods, and its
impact upon society.
The fourth factor extracted from the Academic Physicist population
contained only four items. These items are listed below.
15. The United States should encourage more students from
foreign countries to study science in American
universities. (Universalism)
21. One important function of science is to teach people to
be critical thinkers, not believing everything they are
told. (Rationality)
25. The United States government should not continue to
support science as it has in the past decade. (Progress
and Meliorism)
57. More federal support to science should be in the form
of grants for general scholarship and exploratory research
rather than contracts for specified product research.
(Individualism)
Three of these items, items 15, 25, and 57 are concerned in some manner
with the financial support of science. However, no single theme appears
to emerge from this collection of items. Thus it does not appear useful in

judging differences.
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The fifth factor extracted from the factor analysis of the Academic
Physicist population consisted of nine items. These items are 1isted below.

4. Science would be better off if scientists of Communist
and non-Communist countries could work together.
(Universalism)

5. Religious leaders should be constantly on guard against
the ideas and theories that scientists produce and
explore. (Utilitarianism)

12. Modern science and inventions are responsible for much
of man's personal discontent and frustration. (Progress
and Meliorism)

17. Federal scholarship programs for training scientists should
be Timited to citizens of the United States. (Universalism)

22. The unbounded inquiry of the scientists has had a bad effect
on society's moral standards. (Rationality)

26. The meaning of any discovery should be judged by man's moral
standards rather than by his intellectual need for truth.
(Utilitarianism)

29. When the findings or theories of science conflict with
religious belief it is better to accept the religious
belief. (Rationality)

30. Science, rather than religion, helps rid people of
superstitious fears. (Utilitarianism)

58. In the long run, man's lot will be improved by the work of
scientists. (Progress and Meliorism)

The primary theme contained in this factor seems to lie with the interface
between science and morality, science and religion, and science and mankind.
In this sense, it deals with the relationship between science and other
approaches by which man deals with reality. Items 4 and 17 are the only

jtems which do not address themselves to this theme. Both these items come
from the universalism dimension and deal with attitudes toward foreigners.
Perhaps these items are included in this factor in that individuals generally
concerned with these problems regarding science and other more humanistic
approaches would similarly be concerned with the inclusion of foreigners. In
this sense the dimension represents a conservative-liberal view toward science
and its relationship to other aspects of society. Items 4 and 17 are included

as indicators of this conservative-liberal trend.
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The sixth factor obtained from analysis of the Academic Physicist
population contained six items. These items are listed below.

16. Scientists should be free to explore all phases of
man's life and the universe about him. (Rationality)

23. The primary function of a college education in science
is to teach an appreciation for the findings of past
great scientists. (Utilitarianism)

42. A return to a simpler, less mechanized 1ife would
result in happier, more contented people. (Progress
and Me1iorism§

47. .The increased efficiency of computers does not justify

“'their use because of all the unemployment produced when
computers replace men. (Progress and Meliorism)

49, Scientists could work more effectively if they were
organized and guided in their work by a Congressional
committee which was aware of national needs.
(Individualism)

Once again, no single value dimension seems to dominate in this factor.
The jtems do deal with the actions of the scientist. Item 16 deals with
the actions of the scientist in his research. Item 23 deals with the
actions of the scientist in the classroom. Items 42 and 47 deal with the
actions of scientists as related to 1ncreaséd mechanization. Item 49 deals
with the actions'of the scientist as related to national needs. Thus this
factor seems to unite items that specifically refer to the actions of the
scientist as related to his society.

Factor 7 consisted of six items. These items are listed below.

10. One important function of the scientist today is to
question what man says he believes. (Utilitarianism)

18. In order to be more effective, religious leaders should
know more about recent major advances and developments
in science. (Utilitarianism)

27. It is possible for a man to be a dedicated scientist and
to be highly committed to his religious convictions.
(Utilitarianism)

31. While man has become physically richer from the fruits
of science he has become spiritually poorer.
(Utilitarianism) _

39, It would be much more pleasant to live in a country in
which you didn't even know about the rest of the world's
problems. (Progress and Meliorism)
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65, It will be a good thing when machines free men of all
manual labor. (Progress and Meliorism)

Items 10, 18, 27, and 31 deal specifically with the relationship between
science and religion. The inclusion of items 39 and 55 seems to indicate
that individuals unsure as to the relationship between science and religion
similarly are unsure as to man's ability to coﬁe with the progress induced
by science. The major theme of this factor, however, seems to be the
relationship between science and religion.

The eighth and ninth factors extracted from the Academic Physicist
population contained only four items. The items that clustered together to
form Facto) 8 are Tisted below.

3. If one or two scientists have evidence which appears
to contradict current scientific belief, they are
probably wrong. (Rationality)

32. The scientist's activities must not violate the basic
values of his society. (Individualism)

54, Scientists go overboard on demanding evidence before
drawing conclusions. (Rationality)

56. When doing medical research, scientists should be able
to collect information of a highly personal nature.
(Progress and Meliorism)

As was the case with Factor 6, all these items seem to refer to the actions
of the scientist. However, in this factor the actions of the scientist are
restricted to his own research activities. Although this factor is too
short to be of significant use, the unity of the items should be noted.

The items included in Factor 9 are listed below.

24. The questions which are really important to man can
never be solved by science. (Utilitarianism) )

36. The scientific information which has been gathered as
a result of manned and unmanned space shots is well
worth the large sums of money which have been spent on
the projects. (Progress and Meliorism)

43. It is not always appropriate for the Federal government .
to demand that the scientific research it sponsors serve
the national policy ends. (Individualism)
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51. It is a good policy to base an important decision purely
on evidence even if it is the opposite of the decision
based on common sense. (Rationality)

Once again, this factor contains too few {tems to be of comparative value.
However, it should be noted that three of the items deal specifically with
‘the relationship between scientific research and society. In this sense
they refer to the question as to whether science should be more responsive
to the needs of society.

The tenth and last factor extracted from the factor analysis of the
Academic Physicist population contained seven items. These items are
listed below.

1. One important function of science is to demonstrate
the wonder and orderliness of God's universe.
(Utitlitarianism) -

5. Science is bound to lead our society into Godliness.
(Utilitarianism)

28. Technological advances in the future will probably
be nowhere as great as they have been in the past
thirty years. %Progress and Meliorism)

40. In times of national emergency a scientist's utmost
concern should be for the contribution he can make
to his country's needs rather than his own specific
research interests. (Individualism)

43. It is not always appropriate for the Federal government
to demand that the scientific research it sponsors
serve the national policy ends. (Individualism)

45. Scientific findings should not be made public if they
will create social unrest. (Rationa]ityg

46. A scientist's reputation should be as important in
judging his findings as the techniques he uses in his
research. {Universalism)

Items 28, 40, 43, 45, and 46 seem to have in common a reference to the place
and actions of the scientist within his society. It differs from earlier
factors in its restrictive referrals to society. Items 1 and 6 deal with
science and religion, although item 6 could be considered an interaction
between science and society. It would seem that this factor is referring

to the social commitment of the scientist as a member of society.
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In gen~ral, the factors obtained from the Academic Physicist population
seem more difficult to interpret than those obtained from the student popu-
lations. Of the ten factors obtained for the Academic Physicist population,
three of them were only four items in Tength and thus were not considered
differentiating factors. The themes included in the remaining factors
included individualism (Factor 1), universalism (Factor 2), support of the
methods and impact of science (Factor 3), relationship between science and
other approaches toward dealing with reality (Factors 5 and 7), and the
actions and responsibilities of the scientist to his society (Factors 6 and
10).

Summary

The questions being pursued by factor analysis of the data were:

(1) Do the items cluster in value dimensions different from Barber's vaiue
dimensions? (2) Do the items cluster in different factors for different
populations? With respect to the first question, all four populations
seemed to Tink items into factors very similar to the universalism dimension.
Thus, this factor seems to be consistent with Barber's theoretical identi-
fication of universalism. The remaining factors for all populations seemed
to be a blend of several dimensions. The most common overlap of dimensions
occurred between rationality and utilitarianism and between individualism
and progress and meliorism. Some factors reflected particular concern for
the relationship between science and religion, thus linking 1tem§ from both
the rationality and utilitarianism dimensions. Other factors reflected
concern for the impact and responsibility of science toward society, thus
Tinking items from the individualism and progress and meliorism dimensions.

Thus, it would seem that the value dimensions emerging from these populations
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reflect societal difficulties associated with science. Because of the
seemingly transient nature of these concerns, none of the factors can be
considered valid value dimensions. |

Factor scores can be calculated for the factors identified by factor
analysis as value dimension scores were calculated in the analysis
described in Chapter III. This analysis was conducted and the means
of the various distributions are shown in Table XI. As was indicated in
Table VI, there appears to be a trend toward increasing factor score as a
function of the-popu1at10n. The trends indicated in the value dimensions
appear to bg exactly the same as those identified by these factor scores,
in that thé Man's Physical World students are the least supportive and the
Academic Physicist population is the most supportive. The differences
between these two extremes vary from less than one point to a maximum of
four points. Thus these factors do not provide dimensions that differ-
entiate between populations to a greater extent than did the hypothesized
value dimensions.

Considering now the second of these questions, it appears that the
four populations differed with respect to the factors that emerged. Some
of the factors reflected the concerns identified from the dimensional
analysis described in Chapter III. However, the various factors dis-
tinguished additional differences not readily observable from the various
histograms. In this sense, the factor analysis proved to be a bgtter
technique by which to understand differences other than degree of support
of the various values.

The Man's Physical World and General Physics populations proved to be

remarkably similar in the emergent factors. The factors contained themes
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TABLE XI.

Summary of factor scores received by the various
populations. The number recorded represents the -
mean score received by that population for the

factors identified with the population factor score.
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MAN'S PHYSICAL WORLD FACTOR SCORES

Man's Physical World
General Physics
Engineering Physics
Academic Physicist
Total Possible
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dealing with universalism, science and other aspects of society, science

and religion, and the impact of technology upon man. The Engineering Physics
population showed similar factors with themes of universalism, the impact

of technology upon man, and the relationship between science and religion.
_Items dealing with science and its impact upon man were essentially separated
into two factors. These two factors were distinguished according to items
dea]ing.specifica11y with the concrete results of science and items dealing
with a philosophy supportive of scientific progress. Items dealing with

the relationship between science and society were similarly split into two
factors; one dealing with the actual impact of science upon society, and the
other dealing specifically with science and religion. Thus all student
populations seemed to group items dealing with a confrontation between
science and religion.

The factors obtained for the Academic Physicist population showed much
more differentiation than those determined by student populations. The
increased homogeneity of the population was indicated by the increased
variance accounted for by the factor solution. Two of the factors referred
to universalism and the relationship between science and religion, as had
the student populations. Additionally, one of the factors seemed to refer to
the individualism dimension identified by Barber. The remaining four factors
dealt specifically with the interface between science and society. Factor 3
was unique to the Academic Physicists in its general commitment ;oward
rationality and the impact of science upon society. Factor 5 seemed to
group items concerned with the impact of science upon moral values, religion,
etc., in a fashion similar to the student populations. Factors 6 and 10

were unique to the Academic Physicist population, in that they dealt with the
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actions and responsibilities of the scientist to the society within which
he works. These factors seem understandable, in that the Academic Physicists

would have had more reason to consider carefully their role and responsibil{ty

within the society.
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CHAPTER V
SUMMARY AND CONCLUSIONS

The purpose of this study was to examine the attitudes of various
student populations toward science and society, and to compare these
attitudes with the attitudes of Academic Physicists. The total score
received on the Science Support Scale was considered a measure of the
position of an individual along a linear continuum extending from unfav-
orable to favorable with respect to attitudes toward societal values
conducive to the growth of science. Distributions of individuals within
each population showed all student groups generally supportive of the
values operationalized in the Science Support Scale. The Academic
Physicist population was more supportive of the values than the student
groups, however, the difference was not as great as was anticipated. The
_student populations grouped together approximately ten points below the
Academic Physicists. This grouping of student populations reflects dif-
ferent levels of maturity in accepting a set of values as well as
differentiating personal commitments toward science as a career. There
was a trend of increasing support of these societal values as a function of
the student population, i.e., Man's Physical World, General Physics, and
Engineering Physics. These differences, however, were much smaller than the
difference between the Academic Physicists and the student populations.
Differences in attitude toward science and society between the engineering
student and the nonscience student, as measured by the Science Support Scale,
were not as pronounced as many have suggested.

Two experimental approaches were utilized in investigating the nature of

the differences of the various populations along the attitude continuum. The
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first of these compared attitudes toward five societal values conducive to
the growth of science which formed the structure of the Science Support
Scale. The second of these investigated population perceptions of additional
value dimensions within the item content of the Science Support Scale. The
first approach was limited to comparisons of the student populations with

the Academic Physicist population. This approach provided 1ittle information
as to the nature of the support expressed by the Academic Physicist. The
second approach provided more information as to population perceptions of the
relationships between science and society, particularly for the Engineering
Physics and Academic Physicist populations. However, it provided 1ittle
additional insight into the differences of populations along the attitude
continuum.

Contrasting these two approahces, the Man's Physical World and Academic
Physicist populations differed 1ittle in their support of universalism, but
differed more significantly in support of rationality, utilitarianism,
individualism, and progress and meliorism. Although differences were pri-
marily reflected in the degree of support of the value, a number of items
showed the Man's Physical World population honsupportive of the value in
question. The themes present in this list of items were identified as:

(1) Should scientific work be directed toward national needs? (2) What impact
has science had upon religion? (3) What impact has science and its

resulting technology had upon people and their well-being? Compqr1n§

these themes with the factors extracted in the second approach shows some
similarities. Factor 2 identified for the Man's Physical World population
dealt with the relationship between science and religion in dealing with

man's world and man's behavior. The items identified in the themes
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expressed above similarly clustered with additional items as further
indication of this concern. In conjunction with this theme, the factor
analysis indicated a factor which could not be observed by item differences
within the structure of Barber's value dimensions. Factor 3, identified for
the Man's Physical World population, seemed to define a role of science in
society as one of encouraging critical thought and acceptance of different
ideas. This role, however, was perceived to exclude references to religion
and morality. Factor 1, identified for the Man's Physical World population,
corresponded to Barber's universalism dimension and was not a differentiating
theme between the Academic Physicist and nonscience student populations. |
The remaining two themes, the impact of science upon man and the responsi-
bility of science toward societal needs, were combined into Factor 4 with
the latter theme being weakly expressed. This factor suggests concern for
technology and increased change thrust upon society by the application of
science.

Analysis of the responses of General Physics students showed differences
with respect to the Academic Physicists in the value dimensions of ration-
ality, individualism, and progress and meliorism, Much smaller differences
were encountered in utilitarianism and universalism. As was the case with
the Man's Physical World population, themes resided in items not supported
by the General Physics population. These themes jndicated: (1) concern for
the relationship between science and society and (2) concern as ;o the
responsibility of science toward solving societal problems. The factors
obtained for the General Physics population were remarkably similar to those
obtained for the Man's Physical World population. Factor 2 thus substantiated

the first theme. The second theme did not emerge from the factor amalysis.
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The remaining factors contained themes of universalism, concern for the
impact of science upon man, and the role of science in encouraging critical

thought.
Analysis of the Engineering Physics population showed differences with

respect to the Academic Physicists in the value dimensions of rationality
and individualism, with much smaller differences toward utilitarianism,
universalism, and progress and meliorism. No themes emerged from the dif-
ferences, however, and the Engineering Physics population was considered to
be similar to the Academic Physicists in nature but not in degree of accept-
ance of these values. The factor analysis did result in factors, however,
that revealed information about this population. As was the case with the
other two student populations, a factor dealing with universalism was
extracted. The factors observed in the other two student populations
dealing with the impact of science upon man were resolved into two factors
by the Engineering Physics population. One factor dealt with the impact of
the mechanization and specific technological products upon man, and the othef
factor dealt with the general idealized impact of science upon man. The
factors observed in the student populations dealing with science and religion
were similarly resolved by the Engineering Physics population. One factor
dealt with the perceived impact science has had upon religion, and the
second factor dealt with the perceived compatability of science and religion.
It would seem that neither approach utilized in this studyryas entirely
successful in investigating the nature of population differences in attitudes
toward societal values supportive of science. The two approaches comple-
mented one another for the Man's Physical World and General Physics _

populations, providng some overlap in resu1t1ng themes. The factor analysis
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provided the most information for the Engineering Physics and Academic
Physicist populations.

Based upon the information obtained from the Science Support Scale,
some general comments may be made as to the various perceptions of the
values supportive of science. Although a general trend toward increased
support of the value dimensions in the Science Support Scale from Man's
Physical World to General Physics to Engineering Physics to Academic Physicist
was observed, a natural division seems to occur between the Man's Physical
World and General Physics popﬁ1ations at one end and the Engineering Physics
and Academic Physicist populations at the other end. This separation
emerges more from the factor analysis than from the dimensional studies.
However, the lack of any concrete thematic differences in the dimensional
studies gives further evidence of this division. It seems useful to
summarize the observed differences in terms of this dichotomy.

The General Physics and Man's Physical World populations were acceptive
of Barber's value dimensions with the following qualifications. Rationality
as a way of dealing with reality was well accepted by both populations.
However, if rationality is presented as the only method by which man deals
with his experiences, then rejection of the value occurred. Thus nonscience
students accept the role of rationality and hence the role of science as a
valid societal activity, but do not accept rationality as the only valid
activity in interacting with man and his society. Utilitarianism was a well
accepted value dimension except with items posing a conflict between science
and religion. Both populations seemed to indicate concern for the impact
science has had upon or might have upon religion, although they did not

actually view science as being threatening to religion. However, a large
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number of nonscience students feel concern for the relationship between
science and religion. Universalism was a highly accepted value as operation-
alized in this inventory. However, a considerable number of Man's Physical
World students were willing to support a scientist's work based upon his
reputation as well as his experimental procedures. Such a result shou1d
be particularly distressing to physicists-educators. Both Man's Phys1ca1‘
World and General Physics populations expressed concern and indecision as
to the degree to which science should be involved with societal problems.
They expressed the opinion, however, that such involvement should not be
imposed by the government. With respect to progress and meliorism, both
populations expressed commitment to progress but concern as to man's
ability to adapt positively to the pace of progress.

0f these concerns, at least two areas seem to be readily accessible
by the physicist-educator. The first of these is, of course, the tendency
to judge scientific work as much by reputation as by the experimental
procedures. While such an attitude may be judged necessary in the age of
specialization, its acceptance is a function of the criteria upon which a
man's reputation is constructed. Thus science education should concern
itself with providing the skills and understanding by which a nonscience
student can begin to judge scientific experiments by their procedures and
method. The second concern lies with the responsibility of science toward
solving societal problems. Although the nonscience student was not actually
nonsupportive in this dimension, it seems that he was unsure as to the
usefulness of basic research. This area seems to be one to which the
physicist-educator may addeess himself. The other areas of concern appear.

to be more difficult to deal with in the context of an information-centered
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physical science course. However, discussing the interrelationships between
science and religion, the increasing compliexity of modern 1ife, ways of
dealing with such complexity, etc., are suggested as being relevant topics
for a science and society course for the nonscience student.

The Engineering Physics population seemed more similar to the Academic
Physicist population, particularly in the nature of their attitudes. Primary
differences between the two populations resulted from degree of support of
the values rather than nature of support. The only major exception to this
trend was displayed in items which attempted to support science to the
echusion_ot‘re1igion and morality, in which the Engineering Physics popu-
lation resﬁbnded much as had the other student populations. The differences
between the Engineering Physics population and other student populations
were most visible from the factors derived from the factor analysis. In the
case of the nonscience student populations, many items from the utilitarianism
and progress and meliorism dimensions were combined into a factor that themat-
ically addressed itself to the impact science and technology has had upon
man. In the case of the Engineering Physics population, two factors were
extracted which consisted predominantly of progress and meliorism items.

A sfhi1ar separation occurred in factors dealing with the relationship
between science and other aspects of society. The nature of these factors
have been discussed previously. Thus the Engineering Physics population, in
addition to being more supportive of the various dimensions, reso]ved items
differently than had the other student populations.

In addition to noting population differences, it seems useful to discuss
the Science Support Scale itself as an instrument with which to measure such

differences. Schwirian obtained a reliability of 0.77 for the unrefined
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58 $1ightly higher reliabilities were obtained for

Science Support Scale.
the nonscience populations included in this study. The reliability of the
instrument for the Man's Physical World population was 0.84, for the General
Physics population 0.85, for the Engineering Physics population 0.77, and

for the Academic Physicist population 0.80. Thus the reliabilities

obtained seem consistent with the results obtained by Schwirian.

By semming the communalities reported by Schwirian, approximately
thirty-eigh; percent of the variance was explained by the factor solution
obtained for the unrefined Science Support Sca1e.59 0f the eight factors
contributing to these communalities, however, only five were considered
usable factors. The factor solutions obtained for the populations
utilized in this study ranged in percent total variance explained from
twenty-five percent for the Man's Physical World population to sixty percent
in the Academic Physicist population. The addition of factors with eigen-
values less than 2.0 is not liekly to significantly increase these
percentages. These differences seem consistent, as a profession in the field
of science would be expected to apply a value system or structure more
consistently on the Science Support Scale than would student populations.
From the results obtained for the Academic Physicists, the variance specific
to the inventory can be restricted to less than twenty percent.

This study has probed the attitudes of various student populations
toward science and society. While the results do not indicate significant
nonsupport of science, areas of concern are present within the nonscience
populations. The ability of scientists and educators to respond to these

concerns is crucial to successfully educating a society to deal with the

- future.
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APPENDIX I



We would 1ike to know your opinions regarding the following 58
statements about science and scientists.
of your agreement or disagreement with each statement by marking the

appropriate areas at the right of each statement.

10.

I STRONGLY AGREE with the statement.

1 AGREE with the statement.

I am UNDECIDED about the statement.

I DISAGREE with the statement.

I STRONGLY DISAGREE with the statement.

B r —

Please indicate the extent
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One important function of science is to

- demonstrate the wonder and orderliness

of God's universe.

It is likely that much of the scientific
information we have today will be demonstrated
to be inaccurate or inadequate in the future.

If one or two scientists have evidence which
appears to contradict current scientific
belief, they are probably wrong.

Science would be better off if scientists of
Communist and non-Communist countries could
work together.

Religious leaders should be constantly on
guard against the ideas and theories that
scientists produce and explore.

Science is bound to lead our society into
Godliness.

The skepticism of the scientist should be
Timited to his work.

Scientific inventions and discoveries have done
more good than bad for mankind.

The administration of colleges or universities
should not discharge scientists whose political
views are unpopular.

An important function of the scientist today is

to question what man says he believes.
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X
X
X
X
X
X
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12.

13.

14,

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,
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There is no place 1n science for sexual
deviants such as homosexuals.

Modern science and inventions are responsible
for much of man's personal discontent and
frustration.

The work of any scientist should be judged
without regard for his political views.

It is not appropriate for man to tamper
with the order and intentions of Nature.

The United States should encourage more
students from foreign countries to study
science in American universities.

Scientists should be free to explore all
phases of man's 1ife and the universe about
him.

Federal scholarship programs for training
scientists should be limited to citizens of
the United States.

In order to be more effective, religious
leaders should know about recent major
advances and developments in science.

The individual scientist is the best judge
of what research he should do.

Teaching machines promote improved education.

One ijmportant function of science is to teach
people to be critical thinkers, not believing
everything they are told.

The unbounded inquiry of the scientists has had
a bad effect on society’'s moral standards.

The primary function of a college education in
science is to teach an appreciation for the
findings of the past great scientists.

The questions which are really important to man
can never be solved by science.
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26.
27.
28,
29,

30.

31.

3z2.
33.
34,
35,

36.

37.
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The United States government should not
continue to support science as it has in
the past decade.

The meaning of any discovery should be
Jjudged by man's moral standards rather than
by his intellectual need for truth.

It is possible for a man to be a dedicated
scientist and to be highly coomitted to
his religious convictions.

Technological advances in the future will
probably be nowhere as great as they have
been in the past thirty years.

When the findings or theories of science
conflict with religious belief, it is
better to accept the religious belief.

Science, rather than religion, helps
rid people of superstitious fears.:

While man has become physically richer
from the fruits of science, he has
become spiritually poorer.

The scientist's activities must not
violate the basic values of his society.

Science should remain a predominantly
male profession.

Fellowships and scholarships in the scienceg
are better spent on men than on women.

It is unlikely that a young scientist will
make important discoveries.

The scientific information which has been

gathered as a result of manned and unmanned
space shots is we!l worth the large sums of
money which have been spent on the projects.

The material progress of science has made
men care less than they should above the

prospect of eternal life.
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39.

40.

4.

42.

43.

44,

45.

46.

47.

48,
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If a student is very bright, he should be
channeled into science because we need good
scientists.

It would be much more pleasant to 1ive in a
country in which you didn't even know about
the rest of the world's problems.

In times of national emergency a scientist's
utmost concern should be for the contribution
he can make to his country's needs rather than
his own specific research interests.

Those who have had a history of mental illness
cannot-be trusted to do important scientific
work. *

A return to a simpler, less mechanized life
would result in happier, more contented
people.

It is not always appropriate for the federal

government to demand that the scientific X

research it sponsors serve the national
policy ends.

Scientists could work more effectively if
they were organized and guided in their work
by a man who has proved himself to be an
outstanding scientist.

Scientific findings should not be made public
if they will create social unrest.

A scientist's reputation should be as important
in judging his findings as the techniques he
uses in his research.

The increased efficiency of computers does not
justify their use because of all the unemploy-
ment produced when computers replace men.

Scientific work should be judged primarily by
the political and social necessities of the
nation and the world.
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50.

51.

52.

53.
54'

55.

56.

57.

58.
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Scientists could work more effectively if
they were organized and guided in their work
by a Congressional committee which was aware
of national needs.

Men are worthy of enjoying the fruits of
scientific discovery.

It is a good policy to base an important
decision purely on evidence even if it is the
opposite of the decision based on common
sense.

The true meaning of any discovery should be
judged by man's physical wants and needs
rather than by his moral standards.

A1l miracles have a scientific explanation.

Scientists go overboard on demanding evidence
before drawing conclusions.

It will be a good thing when machines free
men of all manual labor.

When doing medical research, scientists should
be able to collect information of a highly
personal nature.

More federal support to science should be in
the form of grants for general scholarship

and exploratory research rather than contracts
for specified product research.

B
In the long run, man's lot will be improved
by scientific knowledge.
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TABLE XII. Item analysis for Man's Physical World population.



U8

TABLE XII
them Likert Score Standard
umber 1 2 3 4 5 Mean ..Deviation
N
1 109 324 130 118 20 2.45 1.04
2 29 192 121 262 97 - 3.29 1.14
3 16 43 95 419 128 3.85 0.87
4 23 44 80 277 277 4.06 1.03
5 31 43 92 313 222 3.93 1.04
6 13 43 249 276 120 3.64 0.91
7 16 101 219 303 62 3.42 0.92
8 46 55 123 279 198 3.75 1.14
9 22 72 137 290 180 3.76 1.04
10 17 129 193 303 59 3.37 0.96
N 14 55 209 273 150 3.70 0.96
12 33 213 168 238 49 3.08 1.05°
13 7 56 50 362 226 4.06 0.90
14 54 102 214 270 61 3.26 1.06
15 21 88 236 280 76 3.43 0.95
16 15 59 77 391 159 °3.88 0.92
17 52 154 147 270 78 3.24 1.14
18 14 89 179 355 64 3.52 0.90
19 0 83 148 369 91 3.64 0.90
20 31 130 339 171 30 3.06 0.88 .
21 15 58 61 391 176 3.93 0.93
22 5 52 225 354 65 3.60 0.79
23 9 146 111 370 65 3.48 0.96
24 51 94 175 301 80 3.38 1.08
25 12 -53 86 354 196 3.95 0.93
26 14 784 203 313 97 3.58 0.92
27 19 52 88 340 202 3.93 0.98
28 16 69 118 343 155 3.79 0.97
29 25 84 278 231 83 3.38 0.96
30 32 N7 212 267 73 3.33 1.02
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TABLE XII: (continued)

Item Likert Score Standard
Number 1 2 3 4 5 Mean Deviation
31 42 179 182 252 46 3.12 1.05
32 26 247 205 199 24 2.93 0.96
33 20 23 27 323 308 - 4.25 0.90
34 13 56 83 300 249 4,02 0.98
35 7 45 46 363 240 4.13 0.86
36 66 146 232 183 74 3.08 . 1.12
37 27 167 276 209 22 3.05 0.90
38 8 49 71 423 150 3.94 0.83
39 26 100 93 323 159 3.70 1.08
40 153 369 117 50 12 2.14 0.90
41 13 59 160 351 - 118 372 0.91
42 31 123 253 233 61 3.24 0.99
43 5 94 291 272 39 3. 35 0.81
44 11 182 186 282 40 3.22 0.95
45 17 126 169 317 73 3.43 0.98
46 25 219 132 265 60 3.16 1.07
47 19 158 209 263 b2 3.24 0.97
48 14 213 167 274 33 3.14 0.97
49 8 101 155 319 118 3.62 0.96
50 9 35 126 449 82 3.80 0.76
51 24 257 220 172 28 2.89 0.95
52 29 217 230 199 26 2.97 0.95
53 109 252 238 89 13 2.49 0.96
54 7 79 154 398 63 3.62 0.84
55 215 353 89 36 8 1.96 0.86
56 15 112 249 278 47 3.33 0.90
57 5 102 307 248 39 3.30 0.81
58 17 36 170 337 141 3.78 0.91

R Split = 0.72 R Corr = 0.84
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TABLE XIII. Item Analysis for General Physics popu'latibn.



TABLE XIII

21

Item Likert Score Standard
[Number 1 2 3 4 5 Mean Deviation
1 43 127 79 41 25 2.61 1.12
2 19 67 37 140 52 3.44 1.17
3 6 11 43 200 55 3.91 0.78
4 9 14 23 107 162 4.27 0.98
5 4 8 40 126 137 4,22 0.86
6 4 14 117 115 65 3.7 0.89
7 9 42 70 143 51 3.59 1.00
8 12 38 58 107 100 3.78 1.13
9 16 32 50 135 82 3.75 1.10
10 9 80 79 110 37 3.27 1.06
11 14 22 90 131 58 3.62 1.00
12 12 100 71 98 34 3.13 1.10 -
13 1 12 15 147 140 4.31 0.76
14 19 52 8 114 45 3.36 1.10
15 14 5 111 110 29 3.28 0.99
16 6 24 40 146 99 3.98 0.96
17 44 74 75 99 23 2.95 1.18
18 5 34 80 13 60 3.67 0.96
19 3 55 63 144 50 3.58 0.98
20 17 58 140 -83 17 3.08 0.94
21 3 22 23 172 95 4.06 0.86
22 3 18 69 162 63 3.84 0.84
23 3 53 25 201 33 3.66 0.91
24 22 46 67 139 A 3.42 1.10
25 2 9 31 165 108 417 0.77
26 3 32 8 139 52 3.65 0.91
27 7 17 23 133 135 4.18 0.94
28 5 20 33 143 114 4.08 0.93
29 14 13 138 9 54 3.52 0.97
30 16 48 92 131 28 3.34 1.00




TABLE XIII: (continued)
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R Split = 0.74

Item Likert Score , Standard
Number 1 2 3 4 5 Mean Deviation
3 15 80 80 120 20 3.16 1.03
32 14 98 80 107 16 3.04 1.02
33 4 16 17 163 115 4,17 0.84
34 8 45 45 138 79 3.75 1.06
35 4 17 21 189 84 4.05 0.81
36 23 59 9 87 50 3.26 1.15
37 13 57 119 101 25 3.22 0,97
38 1 12 35 177 90 4.09 0.76
39 16 57 49 140 53 3.50 - 1.12
40 51 162 61 36 5 2,31 0.93
4 3 32 98 143 39 3.58 0.87
42 11 59 106 108 31 3.28 0.99.
43 5. 35 83 175 17 3.52 0.82
44 12 76 8 119 20 3.19 1.00
45 5 60 77 131 42 3.46 1.00
46 N 72 5 141 & 3.41 1.08
47 3, 32 62 164 54 3.74 0.89
48 9., 74 51 14 37 3.40 1.06
49 7 27 39 159 84 3.90 0.96
50 4 17 62 184 48 3.81 0.80
51 23 107 107 68 10 - 2.79 0.97
52 15 102 102 8 10 2.92 0.95
53 40 116 107 45 7 2.56 0.96
54 5 34 54 183 39 3.69 0.88
55 107 146 46 15 1 1.91 0.84
56 10 53 90 137 25 3.36 0.96
57 5 48 124 121 17 3.3 0.85
58 4 16 77 145 73 3.85 0.88

- R Corr = 0.85
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TABLE XIV. Item Analysis for Engineering Physics population.
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TABLE XIV
Item Likert Score Standard
Number 1 2 g 4 5 Mean Deviation
1 20 56 42 45 9 2.81  E% |
2 14 57 16 61 24 3.14 1.25
3 1 11 28 1N 25 3.86 0.76
4 3 7 7 70 85 4,32 0.87
5 2 1 10 78 81 4.37 0.72
6 1 1 63 70 37 3.82 0.79
7 2 21 46 78 25 3.60 0.92
8 8 3 21 84 56 4.03 0.97
9 2 11 41 77 a 3.84 0.90
10 5 46 42 64 15 3.22 1.03
11 7 8 52 78 27 3.64 0.94
12 8 43 27 78 16 3.30 1.09
13 1 7 4 81 79 4.34 0.77
14 10 23 30 75 34 3.58 1.12
15 8 31 66 50 17 3.22 1.01
16 1 8 16 87 60 4.14 0.81
17 24 56 36 45 11 2.78 1.17
18 6 13 44 84 25 336 0.94
19 0 27 41 83 21 3.57 0.90
20 7 28 81 47 9 3.13 0.89
21 2 18 9 85 58 4.04 0.97
22 1 6 28 110 27 3.91 0.71
23 1 22 21 100 28 3.77 0.89
24 11 28 41 75 17 3.34 1.07
25 1 7 12 94 58 4.17 0.77
26 1 20 41 87 23 3.64 0.88
27 5 16 11 78 62 4.02 1.03
28 2 9 14 93 54 4.09 0.84
29 4 16 63 69 30 3.61 0.96
30 4 37 46 66 19 3.34 1.01
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TABLE XIV: (continued)

Item Likert Score Standard
Number 1 2 3 4 5 Mean Deviation
31 8 39 35 74 16 3.30 1.06
32 5 63 43 55 6 2.96 0.97
33 2 3 7 98 62 4.25 0.72
34 2 11 25 92 42 3.94 0.87
35 0 16 6 99 51 4.08 0.84
36 10 21 47 60 34 3,51 1.12
37 8 34 58 67 5 3.16 0.93
38 0 6 18 108 40 4.06 0.69
39 10 29 22 85 26 3.51 1.12
40 37 8 30 14 5 2.21 0.97
41, 0 1 51 86 24 3.73 0.78
42 5 30 46 73 18 3.40 0.99
43 1 33 38 87 13 3.45 0.91
44 5 50 40 67 10 - 3.16 1.00
45 2 20 54 76 20 3.54 0.89
46 1 35 25 84 27 3.59 1.00
47 0 8 17 102 45 4.07 0.74
48 2 42 30 81 17 3.40 1.00
49 3 11 16 82 60 4.08 0.92
50 2 6 42 104 18 3.76 0.73
51 10 65 53 38 6 2.80 0.97
52 4 51 61 49 7 3.02 0.92
53 27 71 37 29 . 8 2.54 1.09
54 0 21 26 114 13 3.69 0.78
55 44 - 97 23 7 1 1.98 0.78
56 3 32 50 79 8 3.33 0.89
57 1 13 72 70 16 3.51 0.79
58 3 5 27 101 36 3.94 0.80

R Corr = 0.77

R Split = 0.63
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TABLE XV. Item analysis for Academic Physicist population.



TABLE XV
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Item Likert Score Standard
umber 1 2 3 4 5 Mean_ Deviation
1 2 18 8 12 10 3.20 1.24
2 8 14 5 17 6 2.98 1.33
3 1 8 9 25 7 3.58 0.99
4 2 2 121 24 4.26 0.99
5 3 3 4 10 30 4,22 1.20
6 0 2 14 12 22 4.08 0.94
7 2 3 9 19 17 3.92 1.07
8 1 0 6 27 16 4.14 0.78
9 0 5 5 18 22 4.14 0.97
10 3 13 8 21 5 3.24 1.14
Al 1 1 5 23 20 4.20 0.86
12 2 1N 7 23 7 3.44 1.11"
13 1 1 2 10 36 4,58 0.84
14 2 5 9 14 20 3.90 1.16
15 1 10 20 17 2 3.18 0.87
16 2 4 2 25 17 4.02 1.04
17 6 8 15 16 5 3.12 1.17
18 3 3 5 30 9 3.78 1.02
19 0 5 8 21 16 3.96 0.95
20 1 5 33 9 2 3.12 0.72
21 1 0 2 32 15 4,20 0.70
22 0o 2 22 24 4.36 0.75
23 ] 6 33 8 3.82 0.92
24 0 9 14 22 5 3.46 0.91
25 0o 7 7 22 14 3.86 0.99
26 2 3 16 15 14 3.72 1.07
27 4 3 0 22 21 4.06 1.18
28 0 8 8 17 17 3.86 1.07
29 2 2 9 21 16 3.94 1.02
30 3 7 7 25 8 3.56 1.1
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TABLE XV: (continued)

Item Likert Score Standard
Number 1 2 3 4 5 Mean Deviation
31 0 7 7 29 7 3.72 0.88
32 1 18 12 14 5 3.08 1.07
33 1 0 2 26 21 - 4,32 0.74
34 1 4 7 25 13 3.90 0.95
35 2 1 3 19 25 4,28 0.97
36 1 7 9 24 9 3.66 1.02
37 2 8 13 19 8 3.46 1.07
38 0 5 6 26 13 3.94 0.89
39 1 n 7 24 7 3.50 1.06
40 6 23 14 6 1 2.46 0.93
41 0 1 7 30 12 4.06 0.68
42 1 6 12 22 9 3.64 0.98.
43 0 3 6 27 14 4.02 0.84
44 0 9 12 21 8 3.56 0.97
45 0 2 13 24 11 3.88 0.80
46 0 2 3 29 16 4.18 0.72
47 0 0 2 29 19 4,34 0.56
48 1 0 3 27 19 4.26 0.75
49 o 3 4 12 31 4.42 0.88
50 1 1 10 26 12 3.94 0.84
51 oo 2 17 14 9 8 3.08 1.16
52 4 " 29 6 2.74 0.78
53 3 9 14 18 3.30 1.09
54 0 2 3 35 10 4.06 0.65
55 8 17 16 7 2 2.56 1.05
56 2 2 12 30 4 3.64 0.85
57 0 4 14 21 11 3.78 0.89
58 0 1 13 24 12 3.94 0.77

R Split = 0.67 R Corr = 0.80
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Attitudes of student populations toward societal values conducive
to the growth of science were measured using the Science Support Scale.
Three studep; populations, Man's Physical World students, General Physics
students, and Engineering Physics students, were utilized in the study.
A11 student attitudes were contrasted to the attitudes of the faculty and
graduate students from the Department of Physics. Total score distributions
for the four populations showed the Academic Physicists most supportive
of the societal values. A trend of increasing support was observed from
Man's Physical World to General Physics to Engineering Physics to Academic
Physicist populations. Two experimental approaches were utilized to study
the nature of the population differences reflected in the total score
distributions. In the first approach the chi-square test of independence
was applied to item distributions to ascertain population differences
within the value constructs of the Science Support Scale. The second
approach utilized factor analysis to observe additional value constructs
within each population. Results indicate concern by Man's Physical World
and General Physics students for the relationship between science and
re]igion'and for the impact increased technology is having upon man.
Engineeriﬁg Physics students differed from the Academic Physicists

primarily with respect to the degree of support of the various values.



