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ABSTRACT

This study investigated high school students' and scientists' under-
standing of the characteristics of scientists. Students' and scientists'
L

responses on a similar instrument were compared. An instrument (Character-

istics of Scientists Survey) was developed consisting of 14 Likert-type

subscales. This instrument assessed a wide range of characteristics such
as the scientific attitudes of scientists, their motivation, their
philosophical and religious beliefs, their role in society and their
non-professional life style. A second instrument (Semantic Differential--
Scientist) was used to further assess student impressions as to the
personal characteristics of scientists.

The following three hypotheses were tested in the study:

I. There are no significant differences in the perceived character-—
istics of scientists, as revealed on an appropriate instrument,
among various groups of professional scientists.

IT. There are no significant differences in the perceived character-
istics of scientists, as revealed on an appropriate instrument,
among various groups of eleventh grade students.

ITI. There are no significant differences in the perceived character-
istics of scientists, as revealed on an appropriate instrument,
between professional scientists and eleventh grade high school
students.

Students' and scientists' responses were analyzed using multivariate

analysis of variance. The 14 subscales or category scores were the
dependent variables. Factors such as type of scientist, years of exper-

. . . 1 .
ience, highest degree received, student S sex, science class of student,

1 . . . .
student S hometown size, and his socio-economic status were the

iv



independent variables. The means of student responses on the Semantic
Differential were graphed for comparison purposes.

The results indicated no differences among groups of scientist
scores, but significant differences were found among student groups for
some of the 14 subscales. These differences were due mainly to science
class and socio-economic staths. Generally, students in chemistry,
physics and biology had a more positive image of scientists as to their
scientific attitudes at work, and their true motivation, than did
students in earth science and physical science. Students of low socio-
economic status felt more strongly than did medium or high socio—economic
status students that scientists were motivated less by external factors
such as financial rewards and prestige, and that scientists were much
like they appeared in science fiction movies and stories.

Students' and scientists' mean scores differed for nine of the 14
categories or subscales. Students had a more positive impression than
scientists as to the scientific attitudes (integrity, operational
adjustments, and critical abilities) used by scientists at work. Generally,
students felt more strongly than scientists that scientists were motivated
to do science by a desire to improve human welfare. Students felt that
scientists were more religious, and also that scientists were less confident
as to their beliefs in a comprehensible and knowable universe, than did
scientists. Students also felt more strongly than scientists that most
scientists needed to play a stronger role in making decisions about the
uses of science.

There was no common agreement or disagreement among students and

scientists as to whether scientists were strongly motivated by external
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motivation, or whether scientists should keep the public informed about
their work, or whether most scientists were highly interested in non-
professional activities and home life. However, students and scientists
strongly agreed that most scientists were highly motivated by intrinsic
factors such as curiosity and the desire to know, and that most scientists
recognized the importance of'contributions made by science and technology
to social progress and melioration.

Student responses on the Semantic Differential--Scientist suggest in
general a very positive image of the scientist. Although some negative
attitudes were expressed, indicating that some students felt the scientist
was a little strange, slightly radical and somewhat untidy in appearance.

This study illustrated the need for more detailed investigations into
student attitudes pertaining to scientists and their work, and the need
for more research on scientists' own attitudes about aspects of their
work. Also the study indicated the need for more attention to be paid

to student attitudes in future science curriculum development.
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CHAPTER 1

INTRODUCTION

Background of the Study

The new science curricula of the past decade have placed major
emphasis on an understanding of the nature and processes of science
and on the acquisition of scientific knowledge, but very little emphasis
on the understanding of the characteristics of scientists. The few
scientists who are examined are usually the "great'" men and women
such as Einstein, Newton, Darwin and Madam Curie, whose atypical image
only serves to increase the public's misunderstandings of scientists
in general (Reis, 1972). Consequently, students may obtain a narrow and
somewhat erroneous understanding of the scientific enterprise.

There is general agreement that science and scientists have had a
major effect on our way of thinking and on oﬁr standard of living.
Science has provided us with an empirical method of investigation that
has had unparalled success in areas to which it has been applied.
Science has released nuclear energy, explored the moon, performed near
miracles with new medical and surgical techniques, and has laid the
basis for the development of high speed computers and a whole host of
new practical products. At the same time the spectre of over-
Population, excessive pollution, and genetic engineering of future
off-spring has brought home to the public the double-edged nature of

science. At the center of the current controversy concerning the value



of science is the character and responsibility of the scientist himself.
Yet in spite of the growing news about science and scientists, studies
repeatedly have shown that the average high school student has lacked

a clear understanding of both science and scientists (Mead, 1957;
Allen, 1959; Barlow, 1961). With few exceptions he tends to place all
scientists in an extreme positive or negative stereotype.

If the public is to have any say in the direction science takes,
or if it is to develop realistic expectations of what science can
and cannot do in the future, then it is necessary that it have an
accurate and complete understanding of the work, personalities,
abilities, influence, concerns, responsibilities and to some extent,
the personal lives of practising scientists.

Some recognition has been given in science teaching to certain
professional characteristics of scientists. The new curricula have
emphasized '"learning like a scientist' using the laboratory ''to convey
the method and spirit of scientific inquiry" (Hurd, 1969). However,
in practice a knowledge of the attitudes, concerns, and influences of
scientists remains at the level of a broad objective, and the growth
of student learning along these lines is virtually ignored.

There is definite need to provide innovative curriculum materials
which will aid students in developing a valid understanding of the
characteristics of scientists. However, before this can be done, it
1s necessary to know as precisely as possible what current understanding
Students have of the characteristics of scientists and ways in which

their knowledge of scientists may be inaccurate and incomplete.



The Problem

This study attempted to determine what students' understanding of
scientists is and in what ways their understanding may be inaccurate
and incomplete. A major task of the study was to develop an appropriate
instrument to determine as accurately and completely as possible,
student understanding of the characteristics of practising scientists.
The instrument was based on categories assessing a wide range of the
characteristics of scientists pertaining to the work they do and the
life they lead. Both grade eleven high school students and practising
scientists in various fields were given a similar instrument, and
comparisons between scientists' and students' responses were made.
The responses of scientists about their own roles and the role of their
colleagues was a type of '"'yardstick" to which comparisons of students
in high school biology, chemistry, physics, earth science and physical
science courses were made.

Briefly the problem was to:

I. determine the characteristics of scientists as perceived by
various scientists in such fields as biology, chemistry,
physics and geology:

II. determine the characteristics of scientists as perceived by
eleventh grade high school students;

ITI. compare the understanding of the characteristics of scientists
possessed by students with that of practising scientists, as
obtained from similar instruments presented to both groups;

IV. 1investigate the effects of different variables, such as town












Significance of the Study

Past research (Mead, 1957; Allen, 1959; Beardslee and O'Dowd,
1961) has indicated that school children have many misunderstandings
as to the characteristics and roles of scientists. Most of these
studies were concerned with formu1ating hypotheses about children's
understanding of scientists, whereas this stud§ is concerned with
testing hypotheses concerning students' and scientists'understanding of
the characteristics of scientists. Most studies have been narrow in
scope, while this study attempted to investigate students' and scientists'
unders tanding of a wide range of the characteristics of scientists.
This study attempted to compare séientists and students with respect
to their understanding of the characteristics of scientists on similar
instruments, and this hasn't been attempted in any previous research
study.

A major aspect of this present study involved measuring students'
understanding of scientists by asking them the extent they agreed or
disagreed with statements about scientists. To this end, an instrument
was developed to assess scientists' and students' understanding of
the characteristics of scientists, their role in the scientific
community and in society. No previous instruments were available
for these purposes.

The overall agreement or disagreement among sScientists pertaining
to each of these statements served as a basis for a 'valid" under-
standing of scientists. The students' responses were then compared to

those of the scientists, and areas of misunderstanding or discrepancies






CHAPTER II
REVIEW OF THE LITERATURE

A review of the literature reveals very few studies that attempt
to measure students' understanding of the characteristics of scientists.
Most of the published reports deal with measurements of attitudes
towards science, not scientists, Also, very few of these are directly
concerned with high school students, and none of them attempt to compare
students' and scientists' responses on a similar instrument. Some of the
studies deal specifically with the development of instruments to measure
attitudes in science. 7These studies were very helpful in providing the
groundwork for the development of the instrument used in this study.

The studies reviewed here can be considered under one of two
general categories. The first category contains studies that deal directly
with the attitudes and characteristics of scientists. The second
category involves studies concerned with the measurement of student
attitudes and understanding of scientists, some of which deal specifically

with the development of instruments.

Studies of the Actual Characteristics of Scientists

Studies of the characteristics of scientists have been done by
Roe (1953), Hinricks (1964), Lenher (1964), Brown and Brown (1972).
The most searching study of the actual characteristics of scientists

themselves was conducted by Roe in the early 1950's. She interviewed
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of the scientist with profiles of individuals in other occupations

revealed a high correlation (.77) between college professors and scientists
and a lower correlation (.51) between scientists and engineers. Both
scientists and college professors have personality characteristics
represented by high scores on self-sufficient and perservering, middle
values on strong, active, confident, and self-assertive and low scores on
stable and adaptable in habits. Members of the two professions differ

in that the scientist is thought to lack the artistic interest, good

taste and sensitivity of the college professor. In public matters the
scientist is influential, but, he was seen as somewhat naive. However,

the scientist is seen as having a more markedly active, perservering and
rational approach to life and work than the professor. The engineer is
seen as lesge intelligent, less nonconfusing, less sensitive esthetically,
and less valuable to society than the scientist, but as more "mormal".

The Semantic Differential used by Beardslee and 0Q'Dowd (1961} was modified
and used as part of an instrument in this study to measure students' beliefs
about scientists among high school students.

Controlled experiments were carried out by Wickline (1964), Tartara
(1964), and Raskin (1968) in attempts to measure the effects of presenting
a more positive image of scientists on students' attitudes and ideas
about scientists. Tartara studied the effects of novels and Wickline
sStudied the effects of films. Allen's (1957) 95-item Likert-Type scale
Was used to measure attitudes before and after the experiments.

In Wickline's study the experimental group consisted of 113 students
in twelfth grade physics, eleventh grade chemistry and American History

and tenth grade biology. The experimental group viewed a different










































The Characteristics of Scientists Likert-Type Scales

Research studies in the past, most of which involved open-ended
questionnaires, have shown that students hold various stereotyped images
of what scientists are like at work and away from work (Mead, 1957; Allen,
1959). The results of these séudies suggested a number of areas 1in the
life of scientists about which students have very little understanding.
They provided information on the range of characteristics which students
feel apply to scientists, and suggested possible categories which were
used as the basis fTor the development of an instrument. Studies dealing
with scientific attitudes (Diederich, 1967; Haney, 1964) and a model of
"The Affective Attributes of Scientists'" (Nay and Crocker, 1970) were used
to help delineate some of the categories needed. Other areas concerning
the life of the scientists were formulated from literature about the
scientists' role in society, and their role in the scientific community.

There are a number of already existing attitude scales that focus
on some aspects of attitudes in science; however, none are primarily
concerned with attitudes toward scientists. The purpose of this question-—
naire is to measure students' understanding of the life of scientists by
ascertaining the extent to which they agree or disagree with statements
concerning scientists. The emphasis of this instrument is on how students
think scientists behave, feel and think, i.e.the cognitive component
of their attitudes toward scientists.

Five major areas which characterize the scientist's life and work
were identified, as summarized in Table II, and a number of categories

were developed within each area. Of the specific items used, some were
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from his work. 1In public matters, the scientist is influential, but not
particularly powerful. He is extreme in some of his views and may

even have a few emotional problems. However, he is a very valuable
person, who is moderately confident, optimistic and realistic about
life. There emerges a picture of strength of personality which is a
little extreme, a little strange, somewhat contradictory, and therefore,
hard to understand.

Figure 2 presents a graphic picture of the means of all males
and all females plotted on a seven point scale. The general image
is very similar to that described for Figure 1. However, when the
mean scores of students grouped according to sex were compared, signif-
icant differences appeared for certain scales. The multivariate F
test for comparison of males' and females' scores was significant at
the 0.05 level, and the univariate F tests showed significant differences
(at the 0.05 level) for the seven scales indicated in Figure 2.

Males felt more strongly than females that scientists played chess
in their spare time, that they got great personal satisfaction from their
work and also that they were tidy in appearance. However, females
rated scientists higher than males as being individualistic, self-asser-
tive, self-sufficient, and realistic about life.

As in Figures 1 and 2, the means of students' responses grouped
according to hometown size (Figure 3) and science class (Figure 4)
present the same general picture as described for Figure 1. However,
there were significant differences on some of the scales for the various

groups examined.

Multivariate ¥ tests were significant at the 0.05 level for students
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grouped according to town size and science class. The scales for

which the univariate F tests were significant (p ¢ 0.05) are marked with
an asterisk in Figures 3 and 4. For univariate F's which showed
significance, Scheffe's method of multiple comparisons (Glass and
Stanley, 1970) was used to test for group means which differed at the

0.05 level.

In Figure 3, students from large towns rated scientists signifi-
cantly lower than students from small towns on seven scales. The seven
scales were concerned with the scientists as being wealthv, having good
taste, tidy in appearance, powerful in public affairs, socially popular
and valuable. Also students in large towns rated scientists lower
than students both in small and medium sized towns on three other scales:
social status, sociable, and attentive to people. Significantly lower
mean scores on the above scales indicated that, generallyv, students from
large towns had a less positive image of the scientist than students
from small or medium sized towns. However, students from large towns
felt that scientists were more optimistic, excitable, self-sufficient
and more self-assertive than was f[elt by students from small and medium-
sized towns. These differences were indicated by significant mean
differences (p< 0.05) between groups for the scales discussed.

In Figure 4, there were significant differences between science
classes for nine of the 34 scales. Students disagreed as to how much
of an individualist the scientists was. Earth science and physical
science students thought him to be less of an individualist than
students in chemistry, biology and physics (as indicated by a signifi-

cantly lower mean for earth science students). Also, students in earth















CHAPTER VI

SUMMARY, CONCLUSIONS, AND IMPLICATIONS

Summary
Do ety

Past research indicated that high school students have lacked a clear
understanding of the characteristics and roles of scientists in society
and in the scientific community. Most of the studies were outdated
(1950's) and instruments used were generally narrow in scope. No previous
research study compared students' and scientists' responses on a similar
instrument. This study attempted to determine what students' understanding
of scientists is and in what ways their understanding may be inaccurate
and incomplete.

A major task of this study was to develop an appropriate instrument
to determine as accurately and completely as possible students' and
scientists' understanding of the characteristics of scientists. The

instrument, Characteristics of Scientists Survey, consisted of 14 sub-

scales or 14 category scores. All categories of items were validated by
professional judgment and reliability studies were carried out to ensure

a suitable instrument. Because of the length of the instrument, the 14
categories were arbitrarily divided into two Forms (A and B) each
containing seven categories. This division made it feasible to administer
either Form A or Form B in a 40 minute classroom period. The instrument
was broad in scope, assessing a wide range of characteristics of scientists

pertaining to the work they do and the 1life they lead. 1t assessed
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contributing to seven of the 14 categories. The response mode was
strongly agree——1, agree—-2, disagree——3, and strongly disagree——4 for
negative items, and reversed for positively worded items.

Data from the study were analyzed using multivariate analysis of
variance. The 14 category scores were treated as the 14 dependent
variables. The multivariate F test at the 0.05 level of significance
was taken as a basis for rejection of the null hypotheses. If the

multivariate F test showed significance at the 0.05 level, univariate

F tests were examined to find the category or categories for which
differences were apparent.

The following hypotheses were tested in the study:

I. There are no significant differences in the perceived character-
istics of scientists, as revealed on an appropriate instrument,

among various groups of professional scientists.

II. There are no significant differences in the perceived character-
istics of scientists, as revealed on an appropriate instrument,

among various groups of eleventh grade students.

III. There are no significant differences in the perceived character-
istics of scientists, as revealed on an appropriate instrument,
between professional scientists and eleventh grade high school

students.

In addition to statistical testing of the three hypotheses, a descriptive

analysis of the meaning of category scores was also presented.

The means and standard deviations of all students' responses on the

34 scales of the Semantic Differential--Scientist were graphed. Also

students' responses were analyzed in relation to factors of sex, town

size and science class, using one-factor analysis of variance, and mean

scores of various groups were graphed for comparison purposes.
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life styles.

A limitation in the interpretation of scientists' results is the
lack of a large representative sampling of scientists. There exists the
possibility of a biased sampling for two reasons: (1) the original
sample of scientists contacted was small and not very representative
of all scientists, and (2) theré was a relatively low percentage return
(56%) of questionnaires from scientists who were contacted. The results
may have been different if more questionnaires had been returned. Since
the questionnaires were returned anomymously there was no way of sampling
those who did not return the instrument to see if there was indeed biased
sampling. The sampling aspect i8 dealt with in the section on recommend-
ations for further research.

From written comments on some of the instruments returned, it
appeared that some scientists lacked a clear understanding as to the
actual purposes of the study. Some indicated doubt about the usefulness
of results of the study, while others felt that learning about the
characteristics of scientists at work and away from work should not have
any part in the high school curriculum. Some scientists had positive
feelings about the study, and indicated that the questionnaire was

interesting and comprehensive in most respects.

Hypothesis Two. Multivariate analysis of variance of students'

scores led to the rejection of the null hypothesis of no differences in
groups of students' scores for categories of the instrument——Character-

istics of Scientists Survey.

The effects of seven factors (independent variables) on students'

Scores were investigated--science class, sex, hometown size, grade ten
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open—mindedness, rationality, idea sharing and willingness to change
opinions.

2. Chemistry, biology and physics students felt more strongly than

physical science students that most scientists had positive attitudes

toward the operational requirements of a successful life in the scientific

*

community. Operational requirements of a successful life in science
included such factors as dedication or commitment to the job, initiative
and resourcefulness, and relations with colleagues such as cooperation
and tolerance.

3. Chemistry and biology students felt more strongly than physical

science students that scientists were motivated to do science by a

cultural concern to contribute to knowledge and human welfare.

The conclusions for differences in socio—-economic groups are:

1. Students of low socio—economic status did not feel as strongly

as students from medium and high socio-economic status that most

scientists were motivated to do science as a result of external factors

such as financial rewards and prestige.

2. Students from low socio—economic status felt more strongly than

students from medium or high socio-economic backgrounds that most

scientists were much like they appear in science fiction movies and

stories.

Seven factors were investigated to determine possible effects on
students' scores. Science class produced the greatest differences in
students' scores. Generally, students in chemistry, physics and biology
classes had more positive attitudes (as higher mean category scores

indicated) toward scientists than physical science and earth science
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students. Also, the interactions discussed earlier seemed to be due
mostly to lower mean scores for sub—groups of students in the physical
science classes. The length of their teachers' teaching experience, the
number of science courses students had taken, their sex, their grade ten
average and the size of their home town did not significantly affect

.
students' responses on the instrument—-Characteristics of Scientists Survey.

The teacher variable couldn't be inve-*igated to a significant extent
because the small sample of teachers (15) was fairlv homogeneous in that

14 were males, all had at least a bachelor's degree, and 13 of the 15

had completed at least 20 semester credits in in university science courses.
Further investigation of the teacher variable is suggested in the section
on recommendations for further research.

This study was not designed to investigate causes as to why students
differed according to science class and socio—economic status. However,
one can speculate on why differences occured. Students in chemistry,
biology and physics expressed more positive attitudes than physical
science and earth science students possibly because of differences in
the high school science curricula. It is speculated that students in
chemistry, biology and physics have more opportunity to develop scientific
attitudes through laboratory activities than non-academic students who
usually take the earth science and physical science courses. Mst of the
differences in student groups appeared in the area of scientific attitudes.
Besides differences due to the science curricula, it is likely that
earth science and physical science students differed in their attitudes
because more of these students were of lower socio-economic status and they

probably had lower IQ's than students enrolled in chemistry, physics and
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higher scores of the chemistry students tend to suggest that very
positive impressions of the characteristics of scientists are pessessed
by this group. However, they were probably more positive than accurate,

if the scientists' scores present a more accurate picture.

3. Chemis try, physics and biology students felt more strongly than

scientists that most scientists had positive attitudes toward the

operational adjustments (i.e.dedication and commitment, initiative and

resourcefulness, and cooperation with peers) of a successful life in

the scientific community. This indicated that to some extent these

students thought scientists were happier with their work than was felt
by scientists.

4, Chemistry, physics and biology students felt more strongly than

scientists, that most scientists were highlv motivated in their work

by altruistic concerns such as cultural concerns to contribute to know-—

ledge and improve human welfare.

5. Physical science students felt more strongly than scientists that

most scientists were much like they appear in science fiction movies

and stories. The mean scores of other classes were in the median range

indicating there was no common agreement among members of each group
whether most scientists were or were not like they appeared in science
fiction movies and stories.

6. Scientists scored significantly higher than all students on Cat III-A>»

which indicated they felt more strongly than students that most scientists

believed in order and balance in nature, and that the universe is, within

limits, comprehensible and knowable.
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7. Groups of students in all science classes scored significantly
higher than scientists on the category dealing with the religious beliefs

of scientists. This indicated that students thought scientists were

more religious than was felt by scientists. Numbers 6 and 7 indicated

that all five student groups were significantly different from scientists
in their views about the philosophical and religious beliefs of scientists.

8. All students [elt more strongly than scientists that most scientists

have a strong role to play in making decisions about the uses of science.

Students generally felt that scientists should be involved more in
political decision making about the applications of science.

9. All students (chemistry students in particular) felt more strongly

than scientists that most scientists recognized the need to develop a

relationship between science and society as being important for the

proper development of science. Thus, significantly higher mean scores

for all students'over scientists in numbers 8 and 9 indicated students
attitudes differed from those of scientists as to the proper role of the
scientist in relation to the scientific institution and society.

Students in chemistry scored higher than other groups for seven
of the nine categories in which scientists' scores were significantly
different from students' scores. Positive attitudes tended to contribute
to higher scores. The results indicated that generally students held
more positive attitudes about the characteristics of scientists and their
roles in society and the scientific community than was held by the

scientists in this study.

Description of Category Means. For some categories no significant

differences were observed for any of the groups contrasted. There were
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no differences in groups of scientists' and students' scores for
categories II-A, II-C, 1V-A, 1V-D and V.

On categories I[1-C, IV-A and V the mean scores of students and
scientists were neither high nor low but were close to the median with
relatively large standard deviations. This indicated that there was

'
no common agreement among students or scientists that most scientists
could be categorized into either what the low or what the high score for
the category represented. The meaning of high and low scores for categories
was described under the development of the instrument, (pages 30-35).

The following conclusions are appropriate for categories in which

no significant differences between students' and scientists' were

observed:

1. For both students and scientists, there was no common agreement

that the motivation to become a scientist was or was not due to external

factors such as financial rewards and prestige.

2. There was no common agreement among students or scientists that most

scientists felt they had or did not have strong obligations toward the

public to keep them informed about their work.

3. There was no comnon agreement among students or scientists that most

scientists did or did not participate in a variety of activities outside
T

of their line of work or that they have or did not have high interest

in home, family and social life.

For the remaining two categories where no significant differences
occurred, scientists' and students' mean scores were in the high-score range
with low standard deviations. These categories were II-A and IV-D, for

which the following was concluded.
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4. Both students and scientists felt strongly that the motivation to

become a scientist was based mainly on intrinsic factors such as curiosity

about nature, and fascination, excitement and enthusiasm about scientific

study.

5. Both scientists and students agreed rather strongly that most scient-—

*

ists recognized the importance of the contributions made by science and

technology to social progress and melioration.

Student Scores on the Semantic Differential

Students scores on the Semantic Differential--Scientist were based
on responses to 34 pairs of descriptive terms arranged in a two—ended
seven point rating scale. From the graphed means of all students' responses,
there emerged the picture of the scientist as a highly intelligent
individual, devoted to his work at the expense of interest in art and
family. The scientist is seen to derive great personal satisfaction,

a sense of success, reasonably high social status, and a modest income

from his work. He is seen as being influential but not particularly
powerful in public affairs. He is a bit radical in some of his views and
may even have a few slight emotional problems. However, he is a very

valuable person, who is moderately confident, optimistic and realistic
about life. The high school students' image of the scientist is one
of a strength of personality which is a little extreme, a little strange,
somewhat contradictory, and therefore hard to understand.

While overall responses for all groups indicated a very positive
image, specific differences due to sex, town size and science class

existed on some of the 34 scales. For a detailed description of
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these differences, refer to pages 95 - 101 of Chapter V.

Student responses on the Semantic Differential were generally very
positive. Students rated scientists toward the positive end of the scale,
for 27 out of the 34 scales. Student images in this study were similar
in some respects to the college student images of scientists as reported
in the study by Beardslee and O'Dowd (1961). However, students in this
study were generally more positive in théir attitudes about the scientist.

The very positive image of the scientist as portrayed on the Semantic

Differential--Scientist is consistent with relatively high scores of student

groups for categories on the instrument—--Characteristics of Scientists

Survey. Responses on both instruments tended to suggest general positive
attitudes as to students' understanding of the characteristics of
scientists. The lower scores of scientists for some categories of the

instrument--Characteristics of Scientists Survey--indicated that students'

images may be more positive than realistic. Generally, students of chemistry,
biology and physics hold a more positive image of scientists than students

in earth science or physical science. However, student responses on the
instruments may have been more positive than their true attidudes. Since
responses may have had a certain expectancy this limitation of attitude

measurement must be considered in the interpretation of results.

Implications

For Curriculum. This study measured Students' and Scientists' under-

standing of the characteristics of scientists and made comparisons within
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2. A suggestion for further research includes a specific modification
in the use of the instrument. Scientists in this study were asked to
rate colleagues with reference to their specific fields. They responded

as to whether they agreed or disagreed that an attitude statement was
applicable to "most'" of their colleagues. The possibility of a bias

’

existed in responses. Moreover, scientists expressed confusion as to

"most" as used in attitude statements.

the exact interpretation the word
Further studies in which larger samples are necessary could make use of
the instrument by removing the word "most'" and having the scientist respond
on an individual basis. These studies could probably be followed up or
carried out in greater depth through the use of interviewing techniques.
3. There is a need for a larger sampling of students. Even though this
study involved about five hundred students, it was felt that a much larger
random selection of students would have given a more realistic picture
of how students viewed scientists. Some evaluation of students' attitudes
regarding science and scientists needs to be done in grades nine, ten,
and lower grades, as was done for the grade eleven students in this study.
Investigation in sex differences between male and female attitudes
and between students grouped according to science class needs to be
explored in greater depth. Further research is needed as to the nature
of students' understanding of the characteristics of scientists pertaining
to the scientific attitudes of scientists, and the role of the scientist
in the scientific community and society.

A research question which arises is, do high school experiences
in science contribute toward growth in attitudes as well as in knowledge?

Evaluation of affective growth of students is virtually ignored in most
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schools.
4. Mo attempt was made in this study to measure teacher attitudes on

the instrument—--Characteristics of Sclientists Survey. Assessment of

teacher attitudes about the characteristics of scientists plus the
comparison of teacher and student attitudes is a research area that needs
to be pursued. This could provide information on how teacher attitudes

' understanding of the characteristics of scientists.

affect students
5. Further research is needed in attitude measurement specifically
relating to science and scientists. It is alarming to realize that the
social scientists have largely neglected research on attitudes about
science and scientists, specifically in view of the way both are presently
influencing our way of 1life.

A major task of this study was the development of a valid and reliable

instrument which could be used to measure attitudes. The instrument,

Characteristics of Scientists Survey, has the potential to contribute to

further research into attitude measurement. The instrument could also
be of some use to the classroom teacher who is interested in measuring
student attitudes 1in general. Likert-type scales of the type developed
in this study are very appropriate for the following kinds of invest-
igations (Edwards, 1957): (1) if our interest is in comparing the mean
attitude change as a result of introducing some experimental variable,
(2) if we are interested in comparing the mean attitude change of two or
more groups, and (3) if we wish to correlate scores on an attitude scale
with scores on other scales or other measures of interest. These are

problems common to educational research.
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The purpose of this questionnaire is to find out the impressions
that you have of scientists by having you judge the occupation against
a series of descriptive scales. In filling out this questionnaire,
please make your judgments on the basis of what you feel about this
occupation.

If you feel that the occupation is very closely related to one end
of the scale, you should place your check mark as follows:

has a pretty wife W' 111 1. wife is not pretty or

has a pretty wife _;_j_,_:_j_}:(wife is not prefty.

If you feel that the occupation is quite closely related to one or
the other end of the scale (but nct extremely), you should place your
check mark as follows:

low social status (v, [ I ! [ high social status or

low social status . ! ! [ ! high social status

If the occupation seems only slightly related to one side as
opposed to the other side (but not extremely), you should place your
check as follows:

intelligent = .v. . . . unintelligent or

intelligent . [ [ (¥. . unintelligent

The direction toward which you check, of course, depends upcn which
of the two ends of the scale seems most characteristic of the occupation
you are judging.

If you consider the occupation to be neutral on the scale, both
sides of the scale equally associated with the occupation, or if the
scale is ccmpletely irrelevent, unrelated to the occupation, then you
should place your check mark in the middle space.

pessimistic . I ivi I . optimistic

IMPORTANT:

1. Place your check marks in the middle of spaces, not on the boundaries.

This: /i 1 Not this: W 1 i
2. Be sure you check every scale, do not omit any.
3. Never put more than one check mark on a single scale. Do not worry
or puzzle over individual items, It is your first impression, the
immediate "feelings" about the occupation that we want. On the other
hand, please do not be careless, because we want your true impressions.
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wealthy : : : : : : not well to do
conformist : : : : : : dindividualist
has good taste _: : : < : : has poor taste
unhappy home life : : : : : : happy home life
cleancut : : : : : : strange
low opportunity for advancement : : : : : : high opportunity for
athletic__:__:._:_:____:_:_ad 2REhRTeREc
not interested in art__: : : : : : interested in art
attractive : : : : : : unattractive
plays chess__: : : : : : doesn't play chess
high social status__:__: : : : : 1low social status
unsuccessful : : : : : : successful
great personal satisfaction_:_: : : : : 1little personal satisfactior
tidy in appearance _: : : : : : untidy in appearance
powerful in public affairs : : : : : : not powerful in public affairs
socially unpopular__: : : : : : socially pocpular
radical : : : : : : conservative
worthless  : : : : : : wvaluable
adaptable in habits _: : : : : : inflexable in habits
unintelligent : : : : : : dintelligent
calm _: : : : : : excitable
has emotional problems : : : : : : has no emotional problems
self-assertive : : : : : : submissive
depressed _: : : : : : cheerful
persevering : i :_ :_:__: quitting
indifferent to people : : : : : : attentive to people
optimistic : : : : : : pessimistic
evasive about life : : : : : : realistic about life
thoughtful : : : : : : unreflective
unsure__: : : :_ : : confident
self-sufficient : : : : : : attention-demanding
irresponsible : : : : : : Tresponsible
sociable t ¢ ¢ : retiring






Part II

CHARACTERTSTTCS OF SCIENTISTS SURVEY

(FORM A)



STUDENT INFORMATION

Please fill out the following in Section I of the RESPONSE
SHEET. Do not write in this booklet.

1. Sex: Mzale Female
1 2

e e - ek

2. Science courses you have: taken or are now taking.

Chemistry Biology Physics Earth Science Physical Science
1 2 I3 4] 5
3. Science class in which this exercise ié béing done:
Chemistry Biology Physics Earth Science Physical Science

.
B 2 3 J' 4 l 5
4. Grade X mark in the course under question 3.
{50 51-60 61-70 71-80 81-90 90-100
[ “! 3 5 | 5 6 ]
t
L

1

5. Gradé ten average
50 51-60 61-70 71-80 81-90 90-100
LJ 2} 3 4 rs réi
Please fill in the above information in Section I of the
Response Sheet.
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DIRECTIONS TO STUDENTS

This part of the quedtionnaire consists of a number of statements
about scientists. Please indicate the extent of your agreement or
disagreement with each statement by completely filling in the appropriate
space in the accompanying Respcnse Sheet,

1l teeeeeeeeeoscaoescasasnsaass L STRONGLY AGREE that this statement
applies to MOST scientists.

2 i iiecetetsossesserssseasssss I AGREE that this statement applies
to MOST scientists.

3 tieeeesecscsscsaseasassesss. I DISAGREE that this statement applies
to MOST scientists.

4 G e eesecesscassasssessses I STRONGLY DISAGREE that this statement

applies to MOST scientists.

INDICATE ALL your answers in the special squares provided in the
Response Sheel - please DO NOT write in the Questionnaire Booklet.

Example: Given the statement:
X. Most scientists believe in God.
If you think that this statement applies to MOST scientists, then

place 1 (Strongly Agree) or 2 (Agree) in the square for that statement,
ie.

X X

If you think that most scientists do not believe in God or that
only some scientists believe in God, then place 3 (Disagree) or 4
(Strongly Disagree) in the square for that statement, ie.
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CHARACTERISTICS OF SCIENTISTS SURVEY

Most scientists will report all of their experimental observations
even if some are in conflict with the hypothesis they are attempi-
ing to test.

A scientist is unwilling to share his ideas with other scientists
unless he receives useful ideas from them in return.

Scientists often repeat experiments several times to determine
if the results are consistent.

Imagination and insight are required in order to become a success-
ful scientist.

The scientist's motivation for studying the universe is mainly
curiosity - the desire to know.

Scientists find most of their work to be very monotonous.

Scientists are not interested in acquiring knowledge that will be
of some practical use to society.

Most scientists do not aspire to become authorities in an area of
scientific knowledge.

Scientists hope to have some world-wide recognition for their work.

Scientists are not attracted to a science career with the hope of
obtaining a high income.

Most scientists share their findings with scientists from foreign
countries.

Before scientists publish a piece of researclh, they seldom show it
to their colleagues for examination and criticism.

If most scientists are honest, it is mainly because they know
their work will be checked by other scientists.

A scientist is willing to share his ideas among his colleagues
because this contributes significantly to the overall development
of science.

Most scientists make interpretations which are biased in favor
of the hypothesis they want to test,

An essential characteristic of a scicentist is the ability to ask
the ""right questions' about phenomena observed.
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Scientists must expect to repeat their experiments many times
before adequate results can be cbtained,

Scientists boast about discoveries they make.

Most scientists are not interested in pursuing knowledge for its
own sake.

Scientists are guided in their work by an unselfish interest in
improving the welfare of others.

Scientists are strongly motivated to elect science as a career
because it is a very satisfying type of work.

A major reason scientists elect science as a career is because of
the high prestige it offers.

Scientists seldom question or criticize the results of their work.

Most scientists are careful to give credit to other scientists
whose ideas have contributed to their work.

Competition among scientists limits the sharing of id=as.

Most scientists feel that women simply do not have the ability or
temperament to become good scientists.

Scientists are very thorough in demanding evidence from experiments
before drawing conclusions.

Scientists need much guidance from their colleagues while carrying
out their research.

Scientists are unable to accept criticisms from other scientists.

When faced with unresolved problems in nature, scientists are
driven by curiosity to seek solutiomns.

Scientists are not enthusiastic about their work.
Scientists who elect science as an occupation feel that there are
many benefits to be obtained for man through the expansion of

scientific knowledge.

Scientists elect science as a field because they obtain a strong
sense of pride in making discoveries.

Most scientists desire to make discoveries that will bring them
fame.
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Scientists seldom cooperate with one another to work as a team

on a research proiect.

Scientists are motivated to carry out their research regardless
of possible harmful effects to others.

Scientists are very thorough in demanding evidence before drawing
conclusions.

Often scientists force interpretations fromra limited amount of
data.

Scientists seldom criticize each others work.

Conversations among scientists often include questions about
scientific theories and research procedures.

Scientists are required to spend a great deal of time in trying
to resolve problems encountered in their research.

Scientists feel there is much unnecessary duplication of effort
and expenditures in related scientific fields.

Scientists work quietly behind the scenes and are not really
concerned about public recognition for their work.

Scientists long to know and understand natural phenomena.

Scientists are not interested in discovering patterns or relation-
ships that exist in nature.

Scientists are not motivated in their work by a desire to improve
the human environment.

Scientists elect science as a career because they feel there is
much they can do in science to benefit mankind.

Adequate financial rewards are not of major importance in getting
scientists to do the best possible job.

Scientists choose science as a career with the hope of obtaining
a high income.,

A scientist is usually prepared to modify his ideas if new
evidence appears that cannct be explained in terms of existing
theories.

In general, scientists tend to be less critical of their own work
than they are of the work of other scientists.
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Scientists often question each other as to whether proposed
research procedures and conclusions arc appropriate.

Scientists need to be imaginative in designing research equipment
and techniques.

As a group, scientists are less self-confident than other profess-—
ionals such as doctors and lawyers.

Scientists are not eager to accept the challenge of probing into
the unknown. '

Most scientists feel that working in a laboratory is an exciting
way to earn a living.

Most scientists hope to receive a nobel prize in their field.

People who choose science as a career do so because it provides
an intellectually stimulating type of work.

Most scientists are much like they appear in movies.

Televicsion and movies present an incorrect image of scientists
in general.



Part 11

CHARACTERISTICS OF SCIENTISTS SURVEY

(FORM B)
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CHARACTERISTICS OF SCIENTISTS SURVEY

1. Scientists do not believe in life after death.
2. Scientists believe that the church is a monument to human ignorance.
3. Scientists assume events that happen today have no relation to

events in the past.
4, Scientists think that certain events in nature are unpredictable.

5. Scientists seldom make their personal views on scientfic issues
known to the public, for fear of losing their job.

6. Scientists think that the public is not capable »f understaading
their work.

7. Scientists feel that once the basic ideas have become generally
known, that scientists should not determine how discoveries may
be applied.

8. Scientists feel that their unbounded inquiry has had a bad effect

on society's moral standards.

9. Generally, scientists think that a return to a simpler, less
mechanized world would result in a happier, more contented people.

10. Scientists are likely to spend less of their leisure time talking
to other scientists than to non-scientists.

11. As compared to other professionals such as doctors and lawyers,
scientists are more active and concerned about political and

social issues.

12. Scientists believe that they can formulate explanations for their
observations of natural phenomena.

13. Scientists assume that all natural phenomena have natural causes.
14, Scientists assume nature may change suddenly.

15. When a scientist makes a prediction he is assuming that nature
is consistent,

16. Scientists believe the idea of God is mere superstition.

17. Scientists believe that some events which occur in the universe
have supernatural causes.
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Scientists believe that the church is necessary for the preparation
of the souls of men for eternal life.

Scientists feel that they have a duty tc keep the public informed
about the kind of work they are doing.

Scientists feel that their findings should not be made known to the
public if they will create controversy or misunderstanding.

Scientists feel that they should make the major decisions about the
uses of science. .

Scientists feel that scicnce will only develop properly if their
work is recognized by the public.

The scientist assumes a social responsibility when he decides
to do research in an area in which his findings could be destruct-

ive tc society.

Most scientists feel that the results of modern technology are
responsible for much of man's personal discontent and frustration.

Scientists feel that their research becomes more meaningful if
they have a chance to see how well their findings work in an

applied situation.

Compared to the general population, scientists participate less
in active sports.

Scientists devote enough time to their spouses and children.
Scientists seldom attend movies.

Scientists believe that certain natural phenomena may never be
understood by man.

Scientists work to discover absolute truths.

Scientists prefer to accept the idea of natural evolution of man
over the idea of supernatural creation.

Scientists believe that the idea of God provides the best explan-
ation of our natural world.

Scientists believe that the church is an institution which
functions for the good of man in helping to build sound moral
character.

Scientists believe that more use should be made of the media to
keep people informed about their work.
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Scientists believe that they need to specify to the public, the
social implications of their work.

Scientists feel that the public and politicians must make the
decisions about how science is used.

Scientists feel that the results of scientific work are mainly
useful to scientists, they are not useful to the average person.

Scientists are not aware that discoveries in science are doing
much to rapidly improve our way of life.

Scientists appreciate the extent to which their discoveries form
the basis for the development of new products.

On their vacations, most scientists spend much of their time
thinking about their work.

Scientists spend little time viewing television.

Scientists think that some natural phenomena are too complex
ever to be explained by science.

Most scientists feel that it is not aprrepriate for man to
tamper with the order and intentions of nature.

As scientists probe nature, the beauty and balance they discover,
strengthens their belief in God.

Scientists believe that man is capable of understanding most
natural phenomena.

Scientists feel that fellow scientists don't exert enough pressure
on them tc make scientific information known to the public.

Scientists feel that it is unprofessional to "popularize' their
work to the public.

Scientists feel they have the responsibility to interpret the
possible consequences of their work to the public.

Most scientists feel that how scientific discoveries are used is
not the responsibility of scientists but of the public and
politicans.

Scientists think they should be involved in political decision
making about the applications of science.

Scientists feel that politicans should not have a role in
deciding what type of research is to be done.
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Scientists appreciate the freedom to tackle significant research
problems.

Most scientists feel that man's lot is slowly improving with
the use of more scientific knowledge.

Scientists appreciate the extent to which technological advance
can aid in their research work.

On their vacation, scientists are more likely to take a trip
around the country than teo visit a scientific exhibit.

Scientists seldom read about science at home.

Most scientists are so involved in their work, they don't know
what's going on in the world.

Scientists are not likely to be very religious people.

Scientists think that it is simple—-minded to picture God in
control of the universe.

Scientists think that the public is not interested in under-
standing the basic ideas behind their work.

Scientists believe they must assume the role of watchdog, in
determining how szience is applied.

Most scientists feel that the results of modern science are

responsible for much of man's personal discontent and frustration.

Scientists enjoy spending time with their children.

Generally, scientists tend to shy away from public meetings and
socials.

In their spare time, many scientists like to work around the house.

Scientists have very few hobbies.
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VALIDITY CHECK

Judges are asked to please rate the items of the questionnaire
on the following criteria and scales:
A, CLARITY in meaning of the item,
1. UNCLEAR - nceds major revision
2. CLEAR - but needs minor revision '
3. CLEAR AS WRITTEN
B. APPROPRIATENESS of the item for the designated category,
1. INAPPROPRIATE - not worth including

2. APPROPRIATE - but needs minor change.
3. CRUCIAL - should be included.

ITEMS CLARITY APPROPRIATENESS

1. Please rate with a check (4/5.

2 Space below may be used for
_— — e comments .

13.
14.
15.

etc.
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