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BRIEF

This document grew out of the concern of the National Science Foundation
to increase the understanding of the processes by which today's high school
students move towardlor away from careers in science. Specifically, they
were concerned about whether the lack of'women_and ethnic minorities in sci-
‘ence might be related to a lack of some types of career'guidance information
in high school. In accord with their concern, the National Science Founda-
tion awarded a research grant to the American Institutes for‘ReSearch in
July‘1974 to study '"'the career guidance factors that affect the development
of high school students' scientific potential." The work carried out in

that study constitutes the substance of this final report. s

In the course of the progect. the’ development of the careers of 1,200
scientists who were in high school in 1960 and who have contributed their
responses to the Project TALENT longitudinal survey over the‘intervening
period'were examined. Also essential for the study were: the responses of

22,500 other Project TALENT:participants not pursuing science careers.

.’

. _ ; ,
The rationale for this report is that there are career guidance factors

that may be subject'to intervention at the High school 1evel, resulting in

more successful development of careers in science. These factors were em—

pir1cally explored, using the responses of Project TALENT part1cipants and
.of a sample of 1,142 of today's high schoolLstudents who were questioned
concerning their career plans and related m tters. The results reveal not
only some changes that have taken place during the last lS years but, more
"importantly, the factors indicative of barr1ers to the scientif1c develop—
ment cf women and of members of- m1nor1ty groups that continue to operate.
Th1s report is limited to the h1gh~school years. Further study will be
needed of the preceding ang. subsequent phases of science career development.
. S‘\‘

The report is organized in five_chapters, with details appended. The
first chapter outlines the design and methodz of the study. The second
chapter develops ‘the rationale for the ‘approach used in the project. The
emp1r1cal results are presented in detail in chapters three and four, con-
cerning, respectively, the measurement and prediction of scientific poten-

tial among high s:chool students, and the nonability indicators that a science
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career will be realized from that scientific potential. 1In the final chap-
ter, the authors draw their conclusions concerning the implications of the
study, both in terms of the career development of potential scientists and

in terms of fuqthér research that needs to be done.

Findings
e More than 3 times as many female high school students were planning ca-
reers in science in 1975 as in 1960. Of the 1960 11th grade Project
TALENT participants, 327 of the males and 5% of the females had had sci-
ence career plans in high school. 1In contrast, 24% of the males and 17%

of the females had science career plans in the 1975 sample.

e Although the 1975 sample exhibited less sex effect'on science career
plans, large differences were still evident between various ethnic groups:
14% of the blacks, 15% of the Spanish surname students, 23% of the whites,

and 297 of the Orientals had science career plans.

® Although students displayed some kno&ledge of their own abilities, inter-
ests, and values; of the characteristics of people in various occupations,
#nd of the educational requirements and salaries in various occupations,
there were several distinct knowledge deficiencies that mayrinhibit estab-
" lishment of careers in science. Very few differences were evident between
the sexes in self-perception and»peréeptions of careeré; the underrepre-
Sented minorities3 however, were significantly less éccurate than othérST

in their estimates of their relative abilities, interests, and values and

in their estimates concerning people in selected occupations.

v Parents' level of education displayed a strong relation to. their offspring's
¢sLreer ﬁlans in high school. 1If either parent had attended college, the
gtudent was much more likely to have a science career plan; this relation.
was as strong for.pafents who had not completed coilege as for parents

who had graduated.

.® Only 12% of the males and 67 of the females who were planning a science
career while in 11lth grade actually persisted in their plans over the next
twelve years. A quarter of the men and over half of the women in science

in 1972 had had nonsciénce career plans in high school in 1960.
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® The Scientific Potential index, composea of high school abilities that
best discriminate between having a scientific vs. nonscientific job 11
years after high school, fared well in validation analyses. Not only did
the ranking of 50 science occupétions and 150 nonscience occupatioﬁs by
mean Scientific Potential display a high level of face validlty, but also

Scientific Potentlal was found to be predictive of eminence within a sample

of science occupations as measured by quality of undergraduate and graduate

schools, number of citations in the Science Citation Index and the Social

Science Citation Index, and being listed in American Men and Women in

Science.

e There werelonly minimal differenées in mean Scientific Potential between
males and females: 'females aVéraged less than one-half standard deviation’
below males in 1960 and approximately one-quarter standard deviation below
males in 1975. Thus, the underrepresentation of women in science careers
is iargely mediated by factors .not related to the development of abilities
before and during high "school. On the other hand, large differences were
found among the four‘major ethnic groups in the. 1975 sample, with blacks
and Spanish surname students scoring one standard deviation below whites
and Orientals. Thus, the factors that lead to uﬁdérrepreéentation of mi-
‘norities in science are largely mediated by différences in levels of abil-

ities developea‘before and dufing high school.

® Various aspects and.dimensions of social advantage were positively related
to Scientific Potsntial. Howéﬁer; partial correlafions between SES and
_ a science career, controlling fof Scientific Potential, were very low.
’ - The effects, in terms of entering or not entering .a science career, of
.the socioeconomic status of oné's family appear to be mediated glmost en-
Eirely'through abilities that have developed by 11lth grade; given equal
abilities, SES Has little relation after high school to achieving a'sci—_'

.ence career. . \

e The nonscience occupaggols, other, than homemaklng, that contained the
largest numbers of women with hlgh Sc1ent1f1c Potential were the various
teaching spec1alt1es and reglstered nurses. _Black men with high Scien-

tific Potential tended to be employed in business management.
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e Of the students with Scientific Potential scores in the upper third of
the 1975 sample, 947 of the females and 97% of the males were planning

to attend a 4-year cbllege.

e High school students with high Scientific Potential scores who would not -

" consider ﬁorking in any science occupation Qere more likely to be white,
to have well-educated parents, and to report lower grades in most or all
of their cburses than a comparison group of high science ability students
who had not rejected :11 science careers.: The number of these students
was not as large as one might have expected;|Seven out of every eight
students with high Scientific Potential scores had ﬁot rejected the idea
of a science career for themselves, although only about 40% were‘specif—

iéally planning one. - '
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CHAPTER 1

v

Design of the Empirical Study

1.1 General Problem and Approaches

The problem——Establishing obJectives for career guidance in science.

This report is designed as a contribution to answering the question: What

actions are most likely to help high school students: pursue careers that are

_ppropriate for their levels of science ability” More spec1fically, thls

project has been guided by the concerns expressed by the research staff of
the Office of Experimental Projects and Programs in-the,National Science

Foundation, namely:
1. What do students need to, know as they consider educational and ca-
reer options in scien.e and technology?

2. What do students want to know ds they consider educational and ca-—
° _— :
reer options in science and technology?

2w close is the fit between 1 and 27.
4. Are there special considerations to be reckoned with in the cases .,

of women and members of ethnic minerity groups’

-Two distinct approaches have been undertaken by the authors to contrib-
ute some new empirical results to the consideration of this question. The

first approach is to determine what types of relevant knowledge high school

students lack so that steps can be taken to provide that knowledge, and

- the secondfapproach is to analyze the characteristics of high school students

~who later pursued scientific careers successfully, in order to provide Eoday'S'

. students with information -they need-for making intelligent_career plans with

respect to science.
] : \

The first approach led'to the administration of a questionnaire to 1,142
high school students from 11 high schools in eight different communities in
California during the spring of 1975. The questionnaire assessed students'
career plans, especially with respect to science careers, their levels of
career-related knowledge, and ‘the factors they perceived as influencing a
their career planning. The second approach led to analyses of the responses
of some 23 000 ProJect TALENT participants, including over 1<i?0 currently -
l: .

°. . .. | . 16 .




in science careers, who took two days of tests and inventories while in. the
~1lth gradegin 1960 and vho responded to follow-up qnestionnaifes in 1972

when most of them were approximately 29 years old. "In both cases,'the data
bases were designed to be sufficiently representative’ to enable conclus1ons,

to be reached that are relevant to today's students. - -

The study also addressed the problem of overcoming the barriers that
keep particular groups of high school students'from pnrsoing science careers
successfully, especia]ly members of racial and ethnic minorities in this
country and women. Accordlngly, in designing the recent assessment of high
school Students .initial science career development, care was taken to.in-
clude sufficient numbers of appropriate groups in the sample, However, for
- the second approach based on Project TALENT the data are often insufficieant a
for separate analyses of tbo various groups because of the very small. numbers
of female and minority students who became scientists. While some_ results
of the Project TALENT analyses are presented for both sexes, feéw are pre-
sented for separate rac1al/ethn1c groups, and for some cruc1al analyses the .
white males constitute the data base. Most of the race and sex comparisons,

therefore, will be based on the’ 1975 data.- : o .

o

- 1.2 Specific Research Objectives

In order to.investigate scientific career development, a series of seven

-

objectives were.set out.

7

Objective.l: _Development of a Scientific Potential index based on dif-

ferences in high school ability between scientists. and others, and observa-
tion of the correlates of Scientific Potential. The achievement. of this ob-

jective allows the 'isolation of career development factors after controlling
'for.abilityr The approach was to discover, through linear discriminant anal-
ysis, the pattern of test scores that most effectiveby differentiated Project
TALENT llth graders Who were in science jobs 11 yearsiafter high school from

. those who were not ‘in science jobs.

i -
»

Objective 2: ‘Identification anddmeasurement of nonability variables

‘that are predictive of establishment of a career in ‘Science for individuals -

with equal Scientific Potential. 7The achievement of‘this objective provides

us with new.understanding of thz career developmental process that results

" p .. .;



O

ERIC

Aruitoxt provided by Eic:

in the ultimate utilization‘of'the scientific abilities that high school
students possess. The approach was to compote and analyzé'pattial correla-
tions of 374 personal chatacteristics of Project TALENT ,11th gracers with
establishment of a science career eleven years after hlgh school, after first

partialing out 901ent1f1c Potential.

Objective.3: Comparison of differences in Scientific Potential and its

relationships to science career plans, among whites, blacks, Orientals, and

R - 1
Spanish surname students, between males and females, and among urban, subur-

ban, and rural high school students. The achievement of this objective is

the first step towards understandlng ‘the problems of unequal access to ca-
reers in science, The approach was to test and question 1,142 high school

students from various backgrounds in various locales throughoﬁt'California

(as qualltatlvely representatlve of the plurallstlc Amerlcan society). The

results were ‘compared, where poss1ble, with the data from the Project TALENT

testing in 1960, to discover trends ‘over, the last 15 years.

.

Objective 4: Identification and measurement of knowledge, about sci-

ence careers and about one's own abilities and motivations, that is -related

to the tealization'Of high school students':Scientific Potential through-
planning for a career in science. This and the_following.objectives include
comparison of results across the various groups of.students’refefred to in
Objective 3. The achievement of. this objectiﬁe provides the basis for rec-
ommendation of types of ioformational aids that are most likely to help
students to make career plans approprlabe to their levels of Scientific Po-
tentiall The -approach was to develop a questlonnalre in whlch students'
estimates of ecareer attributes and their own tra1ts could be observed and
to compare the results with information about careers available from Project

TALENT and with the students' actual test and inventory scores.

&

Objective 5: Determination of the extent to which career development

problems.are due to misconceptions of caréer development and canjtherefore

be solved by providing-instruction in this area in high school. The approach
was to include in the questionnaire prepared for Objectives 3 and 4 questions
about the students' opinions concerning what the components of career devel-

opment are and why they are important. B N .



AAjective 6: Identification of sources of 1nf1uence and knowledge re-

lated to career development. The achievement of this obJective allows us to

determine what kinds of communication are likely to have the greatest impact
on planning for science careers. The approach was parallel to Objective 5,
to include appropriate questions in the 1nstrument to assess students ca-

reer development for science.

Objective 7: . Provide the foundation for developing a procedure for

evgluation of the effectiveness of high school programs in terms of their

guidance of students towards careers appropriate to their scientific ability

potential. The procedure of administration of a questionnaire on career de-
velopment to high school students (a copy of the duestionnaire is contained
in Appendix D) along with a test designed to assess their ability potential
‘for ence careers provides the basis for achieving the Objectives listed
'ahove; this‘procednre can also serve as an assessment of the effectiveness
of the career education and career guidance programs the students mayvhave
encountered : Such a procedure:could be applied to various innovative pro-

grams in order to select the most effective techniques for- wide-scale imple-~

mentation N

1.3 'Project TALENT--A Brief Overview L \

This report represents a step in the pursuit of the long—range goal of
nnderstanding the'adolescent—adult development process through longitudinal'
,analysis of the information: provided by the 400,000 Project TALENT partici~ -
pants~-the student body of almost 5 percent of the high schools in the United -
States in 1960. ‘These individuals, with two days of testing in the spring

“of 1960 and with follow-up,responses»over the next 15 years, have contributed,
collectively, time equivalent to over 3,000 work-years and have provided over
one-half billion bytes 'of information, the Project TALENT resear:h staff has

o endeavored to convert this information into useful knowledge for the career

\ development and educational development of the next generation. In the
course of' the last 15 years there have been numerous studies using Project
TALENT data that are of relevance to science career development . ‘Astin, H S.,
l967 1968, 1970; Cooley, 1963, 1966; Cooley and Lohnes, 1968; Flanagan and
Cooley, l966, Lee, 1974, Lohnes, 1966; Shaycoft, 1975; Skypek, 1975). The_

current - stuydy, however, is the first to combine analyses 6f the TALENT
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follow-up data with analyses of data on current high school students and to

utilize so extensively the 1l—year follow-up responses.

Project TALENT was undertaken primarily because of the leadership and

foresight of John C. Flanagan. His initial design and the prohlems in de-

velopment of such a massive project are described in Design for a Study of

American Youth (Flanagan, Dailey, Shaycoft, Gorham, Orr, and Goldberg, 1962),
which the reader who wishes details beyond this overview should consult.

The initial sample of high schools in that study was drawn to be representa-
tive of the entire nation, and all the students_in grades Y through 12_were
tested in each school in the sample: The testing consisted of a battery of
ability tests, a test mpaSUrlng information in various content areas, an in-
.ventory of career related interests, and almost 400 items- of 1nformat10n on
the family, the high school experiences, and the plans of the students.

Each student was contacted by mail one year after his or her expeeted high
school graduation, five years after scheduled graduation; and again illyears
.after. Although,there has been significant attrition due mostly to lost
forwarding address but partly to anxiety about providing personal informa-
tion, over 100,000 parti- ipants have~responded to the ll-year ﬁollow;up.

In order to cerrect for nonresponse bias, 10,000 of the 300,000>nonrespon—.h
dents have been the subjects of an intensive search and have been. asked

to give 'anginterview by telephoné, with a success rate of over 80%. The
fellow—up questionnaires have included qdestions'on educatien, careers, fam-
-il§ éctivities, Opiniens about their jobs and'quality'of life, and:evalua;

tions of the contributions of " their high school education to. their lives.

In the course of this Scientific Career Development'Project, analyses
have been restricted to a subset of the ProjectSTALENT data that have been
collected: the respondents to the ll-year follow-up of the studeﬁts th
- . were in the 11lth grade in l§60.v These are 23,7b0 individuals, of whom about
5,000 had plans to pursue science careers when in high school and 1,200 were
in science occupations'll years after high school. The responses of each
individual have been welghted approprlately* so that the results are gener-

alizable to all students in the 11th grade in America in 1960, not merely

*Project TALENT Follow-Up Regression Wéights C--see The Project. TALENT Data
Bank Handboosk, Wise, McLaughlin, Shaycoft, and_Steel, 1976.




to ‘those who would choose to respond to the follow-up. The cost in precision
(greater standard error) this differential weighting. introduces is more than

offset by the increase in validity resulting tfrom the reduction of response

bias to a minimum.

The crucial pieces of information used from each follow—up respondent's
returned questionnaire were his/her statements of "job held on September 1,
1972" and of level of education achieved. These data were used to divide
_ the sample [into two subsets: those who had established sc1ent1f1c careers

by age 29 versus those who had e1ther established other careers or had no
paid job. .The specific-definition of "scientific career" developed for this

project is described in Chaptef 3.‘ ‘ .

1.4 3cientific Career Development Project--A Brlef Description of the Col-

y\

lection of New Data

~ Sample. The sample consisted of 1,142 students in the 10th, 11th, and
12th grades at 11 high schools in California. There are, to our knowledge,

no special programs for science career development that are peculiaf to Cali-

fornia. Based on the TALENT data collected in 1960, California students dis- -

played the same mean level of abilities as the rest of the country, and the

‘same proportion of them had science career plans-in high school. The numbers °

‘of students in;the sample, by school, grade, race, and sex, are given in
Table 1.I. The schools were chosen to be quaiitatively-representative of
.high schools across the country. Accordingly, schools from large metropoli-
tan areas, smaller cities, suburban, and rural areas were included, and stu-
z dents of minority groups were represented in sufficlent numbers to permit
~mean1ngful comparisons among the. several cultures. Withln each school, stu-
dents.were chosen who would be representatlve of . the population of the school
rather than of the students in science courses. (See Appendix A, "Selection
‘0of the 1975 Sample.") .For the students chosen, pafticipation was voiuntary,
but no students refused to participate.’ Students were specifically instructed
that” they need not answer any questions that they d1d not wish to answer and
that participation was not related to academic credit. -Permission was re-
ceived from the parents-of each partlcipantwfor his or her participation.

Because the objective of this- data collection was not to compare these

schools or any programs in them,'no attempt was made to equate the samples

21 -
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- ~ Table 1.1

Numbers of Students in the 1975 Sample by School,
Sex, Racial/Ethnic Group, and Grade

. Kind of : American Spanish Other ) No - .
- School vCommunity Female  Male Indian Black Oriental Surname White Other Responsea Total
1 suburban 47 47 4 0 2 19 66 3 15 109
2 suburban | 48 54 0. 0 4 0 96 2 0. 102
3 rural 61 43 1 0 1 1 % 7 5 89
4  rural 37 43 3 c1 8 20 44 4 6 86
5  outer urban 56 . .30 2 17 8 3 49 7 2 88
6 inner urban 63 84 3 .15 -9 52 60 8 .20 167
7 outer urban 69 45 1 S 1l 5 .89 7 2 116
8 inner ‘urban 26 27 0 7 o g "26 13 3 1 54
9 inner urban 62 36 1 . 5 3 . 85 2 2 21 119
19 inner urban 52 37 8 77 0 2 0 -2 1 100
11 suburban 53, 55 1 o 6 3 97 1 4 112

Grade . o

10th 250 221 |. 15 54 29 93 257 23 39 . 510
: 1lch 180 142 6 45 18 ‘67 176 12 26 350.
12th " 109 120 3 21 8 37 149 9 16 245
No response 15 16 o -3 L 7. 8 2 5 37
554 501 24 123 56 316 " 590 46 - 87 1,142

,aCases where either sex or ethnic group membership is missing.

[N

" across schools. The differences among schools that are di§cus§éd in Chapter
"4 must be considered as purely tentative and exploratory, and any'sﬁggested
effects need more cpqtrolled comparisons for verification. 'The interpreta-
tion of racial and otﬁer effects must be»qualified by the ‘fact that'théy
are, or may be; canfounded with specific'school effects; for example, most
whites were in schools in whéch most of their fellow_students were whites,”
4'and most minority students wéfe in schools composed primarily of the same *
*mihofityg Nevertheless, because the schools are qualitatively representa-
tive of the majority of schools across thg country, the differences Bbserved

here among races and among other -groups appear to warrant qualified general-

ization. : . : S

A major subtask of the data collection was the achievement of guaran-
tees of cooperation from the schocl staff at each participating school.
.o . i
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A few schools, when approached for participation in the study, found them-
selves unable to participate. (In one case, the decision was reversed sev-
eral times by different review committees, and participation was still being
considered by them until after the data collection phase of this project

had been completed.) Nevertheless, 11 of the 14 schools approached agreed
to participate, each providing approximately 100 students for five class—
room hours. We believe the reason for the hlgh acceptance rate was that

. the project design included provision both for collecting the data necessary
to meet the project objectives and for providing the participating students

‘'with a career guidance experience.

As-a part of the procedure, students took tests designed primarily to

- assess their Scientific Potential (see Section 3.3). However, these tests

also provided information necessary to generate profiles of abilities and

interests, and these were returned to the students, who could comparentheir
scores to the profiles of Project TALENT participants who were pursuing var-
ious careers. Accordingly, one additional hour of the subject-contact time

was set aside for presentation of The Career Data Book (Flanagan, Tiedeman,

Willis, and McLaughlin, 1973), which contains such career proflles, and we
developed a computer system that generated students' proflles from test
scores in the few days intervening between test administration and the ca-
reer guidance session. Counseling personnel at the schools were involved

in this process, and students were in general delighted to have access to

such potent career planning data. - It should be noted that special precau-.

tions were taken so that students would not overinterpret their scores.

The nature of test errors was pointed out to the students, and it was empha-

'sized that abilities could be deveioped,and could change. The students were

not presented with any scores that could be construed as "extremely low';
instead, these scores were lumped with the "somewhat low" scores. An exam-

ple. of a student's profile computed in this manner is shown in Figure 1.1.

The Career Pianning Survej"and the test battery. Two instruments were

developed for the data collection: a questionnaire that addressed the cqnf
tent 6f Objectives 3, 4, 5, and 6 and an aodaptaticn of the Project TALENT
‘tests that was necessary for the calculation of the Scientific Potential

index and for the determ1nation of student profiles to be matched to profiles

in The Career Data Book as described above. The questionnaire (which appears

23
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_ in full in Appendix D)‘contains seven types of items: (1)>career and edu-
cational plans (Questions 1, 2, 3, 7, 8, 9, 18, and 35 through 40), (2)
knowledge and attitudes about careers (Questions 4, 6, 19, 20, and 56 througn
62), (3) perceptions of influences on their career plans (Questions 5, 15,
23, 24, and 26 through 34), (4) estimates of their own abilities, interests,
and values (Questions 10 through 14 and 46 through 52), (5) knowledge and
attitudes about the career development process (Questions 16, 17, 21, 22,
and 25), (6). information about oerceptions of the school and community
(Questions 53, 54, and 55), and (7) information about various background
factors that, on the basis of ‘previous research, are likely to be. related

- to entering a scientific career (Questions'él through 45, and the unnumbered
questions prior to' Question 1). For most of the items, Appendix D includes
four statistics: the frequency of each-response, the proportion of those
giving each response who were, planning-to pursue.a'scientific career, and
the mean Scientific Potential of those giving each response who were and

were not planning scientific careers.

. . Except for the questions concerning oackground factors, which were taken
. trom items on the Project TALENT Student Information Blank and follow:up
qdestionnaires, all of the items were developed by'the project staff. Con-
sideration.of the previcus literature led to the conclusion that there was
no instrument available that woulé provide the information needed to achieve

the objectives of the project.

In addition to developing the qnestionnaire,.the statf adapted the Proj-
ect.TALENT battery for the purposes of this-project.v;The intact battery
could not’ be used because of its length, reduiring about one and a half days -
to complete. The version used was a subset taking“about two and a half ’
‘hours to aominister. The component tests of the full battery are- described

in detail in Design for a Study of American Youth (Flanagan et al.; 1962)

and more briefly in The Career Data Book (Flanagan et al., 1973) and in The

" Project TALENT Data Bank Handbook (1976).

Three criteria were. used in . cting the tests for:this abbreviated
battery. First, the tests were se ~d to brdvide the data pecessary for
computation of the Scientific Potent.al index. The second consideration

was ease of administration, particularly the ‘time required - (This precluded,
25
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for example, taking a few items from each test, since they all had separate’

directions to be read.) Finally, in return for taking these tests, the stu-

dents were to receive their own ability and interest profiles in a form

that could be compared to the profiles in The Career Data Book. Thus one

additional constraint was that the test battery had to be constructed so

that scale scores similar to those in The Career Data Book could be gener—

ated w1th reasonable accuracy. The specific ,goals and the resulting abbre-

v1ated test battery are described in Chapter 3 and particularly Table 3.12.

The tests and questionnaire were administered to the students in each
school in classroom-size groups. The tests were administered as the first
component of thejprocedure, followed by the Career Planning Survey. The ca-
reer guidance session occurred approximately one week following th- nitial
‘testing, allowing time for coding and keypunching‘of test answers - for
computer profile generation. Although each. student participated fc . total
of six hours the number of days students were involved differed across
schools’ based on the desires of the participating school staff for a mini-

mally disruptive schedule.

1.5 Summary

This report addresses the question of what actions are most likely to -

help high school students pursue careers that are appropriate for their
levels of science ability. Two approaches to this question were undertaken:
collection of new data on the types of relevant knowledge‘that today's high
school students lack and analys1s of the characteristics of Progect ‘TALENT
participants who have successfully established scientific careers. A model
was develcped for the separation of career development factors.from the
general scientific ability facter in the determination of pursuit of scien—
tific careers. An_index of Scientific Potential was developed on the basis
of comparisdnvof the abiiity differences betneen Project TALENT's scientists

and other respondents to.Project TALENT's questionnaires.

The specific objectives of this stndy were (l).deVeiopment oflan index
~ of abilities typical of people in science careers; (2) identification and
measurement of nonability factors that are correlated with'successfui estab-
lishment of:a scientific career when abilities are equated; (3).ccmparison

of scientific abilities and plans for science careers across race and sex

20
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boindaries; (4) assessment of the knowledge students have about themselves
and about careers that is necessary for goed career development; (5) asse?s-
ment of students' knowledge about the eafeer deveﬁgpment process; and:(6).
identificatiou of the sources of influence and kndvledge concerning career
development. These assessments were designed for students in eAhigh sehool
setting;, and a subsidiary objective of the study was to provide the founda-
tion for”developing a procedure for evaiuation of the, effects of high school

programs on career develonment with respect to scientific cafeers,

The foundation for this study was provided by Prdject TALENT, a study
of 400,000 individuals who were in American high schools in 1960 and who have
lbeen followed up periodically since then. of the subset of the Project TALENT
- participants ‘whose responses were used in this study, over 1, 200 were in sci-
entific occupations when contacted in 1972. The Project TALENT data were
supplemented by the collection of information related to the study.'s objec-
tives from a sample of 1,142‘students in lifhigh‘scﬁools during the.snring
of 1975. These two data sources provide :the basis for the results presented
in the third and fouith chapters: the develdpment of the index of Scientific
Potential (Chapter 3) and the co*relates of the development of scientificA

- . careers (Chapter 4)

S
'
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CHAPTER 2

Théoretical Framework of the Study

2.1 The Role of Abil{ties in the Development of Scientific Careers

~ Because science will be confronting ever more complex and difficult
problems, it is essential that'the individuals who become scientists possess
exceptional problem—solving abilities. . The set of attributes that most
clearly differentiate potential-scientists from.other high schoolbstudents
is the level and pattern of developed cognitive abilities4(see Rever, 1973,
" for an excellent review).“Whether becausedof genetic differences, environ-
- mental factors;uparental actions, or particular.reactions to the experiences
of schopling, individuals when they teach the high school years have devel-
:oped the abilities appropriate for scientific careers to widely different
degrees. Those students who by the middle of .their high school years have
not developed the abilities that will be needed for science to a level.be-
yond that of their peers will be at a distinct disadﬁantage in the ensuing
period of preparation.for science tareers and will be mnch less likely.to
complete educational training programs for science and sﬁrvive the compe-
Atition for the relatiﬁely small number of openings for professional careers

in science.

Abilities measured in high school are not the only determinants of suc—

cessful establishment of a scientific éareer, nor are these measured ability

levels immutable. For the purposes of this analys1s, however, it is instruc- -

tive and clarifying to separate ability factors from others that we shall

call career development factors in the ‘dtudy of determinants of science ca-

reers. Indéed, some careernderelopment factors may affect career choices
by prov1d1ng motivations that lead students to develop theéir abilities be-

yond their prev1ous relative stand1ng in high school.

In order to isolate the influences of the career development factors
that affectAan individual's likelihood of purshing a science career, it_is
.necessary first“to control for abilities; that is, it is necessary to com-
pare the att:ibutes and experiences of scientists. with others of equally

developed aﬁilities for science careers who did not pursue careers in sci-

ence.. OthefW1se, factors. will appear to be important merely because. of

48
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their correlations with abilities. Furthermore, if actions are proposed

.that would influence high school students' desires for science careers with-

out necessarily changing their abilities, these actions should be undertaken
only with knowledge of whether the studentsf abilities are apprepriate for
science careers; otherwise, a well-intentioned action. could cause more harm

than good. For these reasons, an initial step in'qhis Project was to devise

'an index of Scientific Potential, an ability combosite, that could be deter-

mined for each ‘high school student.

Tﬁe_data from the ll-year follow-up of Project TALENT, which became
available in the middle 1970s, provided the investigators with a unique op-
portunity to develop én index of abilities necessary for successful estab-
lishment of careers in science. Previous endeavors have been limited either
by reliance 09;shor;-term critiera such as successful completion of a college

scicnce major (e.g., Reid, Johnson, Entwisle, and'Angers, 1962), or by‘reli-

-ance on data gathered only after individuals had-éstablished their careers

(e.g;, West, 1961), or by limits in sampling among scientists or the compar-
ison group. The Project TALENT respondents haYe provided us with data that
are not subject to these limitations:. at age 29 they have passed through-
the.initial stages of science careér development, two days of test ‘scores
are available from the}r high school days in 1960, and (with appropriate
statisticél Weighting)ffhey represent the entire’'range of American high
school students in 1960. On the basis of these data, the.Scientific Poten-

tial index was developed as the answer to the following question:

Among Project TALEN; parfigipants’who were in the 11lth grade
in 1960, what device can be deﬁeloped that would most accurately
distinguish the abilities of those in sciénce jobs in'1972 from
the abilities of those ot in scienée jobs usiﬁg data from 32 cog-

‘

nitive ‘ability tests taken in 19607 -

Specifically, the index was computed as a two-group lingar discriminant

'function, and fecognizing that being ina science job is not the .best of'_

criteria when considered alone, the authors validated the resulting Scien-
tific Potential index in terms of scveral measures .of success as a scientist.
The details of the definition of "science;" of the computation.of the Sci-'

eﬁtific Potential index, and of its validation are presented in Chapter 3.
29
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‘tions is presented in Chapter 3.)

It was necessary to restrict the sample to.males during the development
)

. £ . .
of the Scientific Poteﬁ%ial index because of the scarcity of women in the

. Lo . . 3
sample who were in science jobs and because of large sex differences in the

.types of jobs possessed within the science profes51on. It is our assumption

that the same abilities are needed by members of both sexes in order "0 suc-
ceed in science. The focus-on male data is justified by the fact that fewer
irrelevant barriers stood in, the way of male science career>development than
in the'way of females, so that the male career development was more 'matural”
and more likely to be predictive of the future for both sexes. 1In Chapter 4,
tables are presented for women, as well as for meﬁ}~showing the types of jobs.

those with high Scientific Potential held at age 29, in 1972.°

In high school, some students have career plans for science, others do
not. Among students with science career plans, ability plays the central
role in. determ1n1ng ultimate establishment of a science career. Previous ‘
studies_have indicated that the principal difference between male high sc’ 2061 |
students who followed through on their plans for scientific careers and those
who redirected their careers away from science was the possession of the
requisite ab111t1es to survive the inevitable compet1t10n during college and
during.the search for employment in science careers (e.g., Reid, Johnson,
Entwisle, and Angers, 1962; Cooley, 1963). Among students without science
career plans, ability shares the central role of determining ultimate estab-
lishment of a science career:with'factors leading‘to the later-deyelopment
of science career interests. Therefore, restriction to the population of
lhigh school students already having science career plans provides the purer

ability —-discrimination between those ultimately establlshlng science careers

and others} as a result, a purer Scientific Potential measure can bé obtained

for this restricted_population'than for the total high-school population.

"Although, by construction, only ability measures were allowed to enter into

the Scientific Potential index, some of these ability measures may be more
closely related to career development factors“than others. To have included
all high school students in the computation might have confounded ability
requirements for science careers with career development factors. (In order
to make a partial check on these assumptions, the_computation was performed
both ways, on'all male students and on only'those who planned science ca-

reers, and the results were very similar. The comparison of these computa-
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The 5lobal model for the process of gcience career development in high
school underlylng this approach is shown in Figure 2.1. The inclusion of
individual background.factors, scientific abilities, and science career de-
velopment actions in the prediction of the establishment of a career-in
science is straightforward. The present model, however, separates career

.

development knowledge as a particular set of factors whose role is to be

investigated in the establishment of science careers. The knowledge of one-
self, of occupations; and of the career deyelopment process is an important
link between the input factors of background and'abilities and the output
factors of monement toward scientific careers. Misinformation in any one

of the three areas can prore to be a critical oarrier to entry into)science,

. ~
Individual background variables are factors difficult to change.  In-

terventions can, however, be undertaken to minimize potential nefative ef-
fects of these variables on science career development. For example, the
schools can provide role nodels not provided by parents, and carefully devel-
oped tests of abilities can counteract earlier mistonceptions.concerning

one's fitness for a scientific career. .It is more difficult, although

Individual Background Factors
Race, Sex, SES .
Family environment . .
Parental expectations o~
Parental education and occupations LN
.
.
¥
Scientific Potential Ceree:'Dcvélopmenc Knouledge Science Career Development
{ ) ’ hool
i high school 3| Knowledge of self (i;n high school)
Quantitative aptitude Knowledge of occupations — Preparation for college
Verbal aptitude Knowledge of career development process Mathematics and science courses
Special ‘cognitive skills [ o} Extracurricular activities
“®} Science career plan

h 4

Establishment of a Career in Science

Further development of abilities
Specialized education
Acquisition of a job in a science field

Figure 2.1. A model of the 1nteractlons among Scientific Potential and
the career development factors affecting the establishment
of a career in - science.
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feasible, toichange Scientific Potential than to change occupational in-
terests or particular knowledge deficits. Students' abilities are measured
relative to a group norm, and a sufficiently motivated individual can always
increase his or her standing relative to the group.' The science career de-
velopment process is depicted in Figure 2.1 as a two- stage process: during
high school and after high school. This dicho%omization is made in order
to focus the activities of this project on the high school years, using ul-
timate establishment of a science career as merely a criterion measure for
the analyses.‘ Likewise, pre—highfschool.variables, while they contribute
to the development of Scientific Potential, are not’ included in the model
in order to limit the scope of this stpdv and concentrate on a particular

age-period. :

. The development of the Scientific Potential index was based on an at-
tempt to isolate roughly the abilities contributing directly to the estab-
lishment of_a career in.science.v In order to estimate these ahiiitv contri-
butions, it is necéssary to control for indirect relations between abilitiee
and science career establishment. _For'example, if a particular ability were
predictive of planning a science career but completely unrelated to actual
establishment of a science career by those planning one, then there would
appear to be a relation between that- ability and science career establish-
ment even though there were no direct relationship between the two. On the
other hand, if we were to control for all background and nonability differ-
ences, the problem would arise that we would have accounted for nearlv ali
of the reliable variance in ability test scores. In that case, the derived
Scientific Poténtial index would lose adgreat-deal of its'reliability. A
compromise appears essential, in which the: Scientific Potential index would
consist of abiiities.contributing to establishment of a science career for

groups relatively homogeneous on nonability factors related to science ca-

reers. In the present study, the?grdups”were homogeneous on (1) sex and .(2)

the presence of a plan for a career in science.

The decision to develop .a unidimen31onal index of Scientific Potential
is based on the assumption that, at the high school level, similar abilities
are needed for development toward.any.science and that differentiation among
specialized abilities for particular fields of science emerges later. This

assumption is clearly a topic for future steps in a research program on



scientific careers. The decision to calculate such a function at all was
based on the further assumption that the abilities predictive of entry lnto
and establishment of a science career durfmg the late 1960s and early 1970s
are, in the main, similar to the abilities that will be needed'by“tpday's
high school students as they pursue careers in science. In summary, this
index is intended to provide a foundation for clearer analyses of the career
guidance factors that affect the development of science careera than would

otherwise be possible.

2.2 Sciernce Career Development Processes in High School

According to Rever (1973), '"a two-dimensional space is necessary to de-
scribe career paths during the high school years," the more predictable one
being a '"college-other continuum" and tme second being a "directional one
from physical...science;..to‘arts and humanities...." (p. 138). During hlgh
school, the potentlal scientist will manifest his or her 1nterest in two
ways that‘are important, if not eruc1al, to the pursuit of a career in sci-

ence. The first way is by doing those things that will enhance his or her

opportunity for a cdollege education. College is the tra1n1ng area er sci-

entists, and only extremely g1fted and motivated 1nd1v1duals will be able‘

to pursue a career 1n science without having graduated from a reputable col-
lege. Although the availablllty of higher education is steadily broadening <
so that more'memters of society may.benefit_frdm its éffects; competition .
will continue to be very stiff along the paths to eciemee careers; high

school stueents wﬁo gain eﬂtry lnto the cqlleges that are especially success-
ful in training scientists are clearly more likely to develop their scien-

tific potential. The second way high school students manifesﬁ their interest.

in science careers is to take steps to ga1n the knowledge of mathematics ard

science that ‘will allow them to make the most of the1r initial sc1ence courses

~ in college. College coursesf especially in science, are designed. to transfer
_aé great an amount of information and undetstanding in each;semester as pos-
sible, and thoee students who are best prepared prior to the courses are
most likely to grasp the'deeper signifieanee of the exercises they perform
and therefore to beeome_even_better prepared for a science career as they'
progress to college junior and senior status; Thus, h1gh schools that in-

" terest’ students in taking more science and math courses will produce indi—
viduals who are more likely, in the end, to translate their scientlfic po-.,
tential 1nto actual careers as scientists. - - .
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The role cf high school personnel in these two processes is eritical,
and students must rely on them to facilitate science career development.
Howeyer,-Einkel (1961) found that high school principals were more interested
in keeping "unqualified" sthdents out of science than in guiding potential

: scientists;‘and Morrison (1970) concluded that physical science courses dis—
tourage more students than they attract except for high ability boys; If
high schools are to play a role in increasing the opportunities for women
and minorities to establish careers invscience, special efforts will be nec-

essary to nurture their development during high school.

In addition to these obJectively observable steps toward a career in |
'science, there are. other processes of career development that occur during
the hlgh school years. The most observable of thuse is the development of

an expectation of becoming a scientist, that is, the translation of vague

ideas about science into a voeational decision to pursue a,pérticular type
of career.' This expectation prov1des motivation and direction for a stu—‘ ,
dent's high school activities and later becomes 1mportant as a context for
choice of courses in cdllege. The develmeent of this expectation is prob-
ably the most easily influenced factor in the development of a high school
student's scientific potential.* A student's expectation of a science ca-
reer is in turn based on information about some' field(s) of stience and on
-a self—image that is related‘to the 1mage of a scientist, whether that in-

formation is objective, is from role models, or is from cultural stereotypes.

Another, career development process that is important for a science ca-

*  reer and that is initiated or continues during high school is the acquisi-

¥

tion of values and attitudes that. are’characteristic of successful and pro-

-

ductive scientists. Among these wvalues and attitudes are:

P

e enjoyment of solving inductive and deductive problems,
e enjoyment of being precise,
e enjoyment of acquiring knowledge; : . N

e a general need to achieve, and

*There is an ethical question of how much external 1nfluence is appropriate.
‘'The assumption is, however, that because there is ootential for influence,

the importance of this factor should be ‘investigated.’

3,,_4 o '
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® a commitment to honesty in the sense of unbiased interpretation and

presentation of information.

~ Although these are not abiiities, and therefore do not enterlinto the Scien-
tific Po;ential definition, thev may be pofrelated'with Scientific Potential,
since both arise from similar individual background factors, such as an in-
tellectually rich home environment. Unlike the preceding processes, these
value and attitude development processes are beyond the scope of thé present

report.

. In many of the analyses presented in this report, science career devel-
opment in high school is represented by the single indicator of whether khe
' student's stated career plan is a scientific career. This indicator is well
known to be the best single predictor of pursuit of a science'career.(see
Rever, 1973, p. 144), and as §uch it is a sufficient indicator for what is
a complex, incremeqtal process, when“the focus of analysis is the factors
affecting the developmehtal prdhess rather than the process itselft. ﬁsing
this indicator of science career development in conjunction with the Scien-
tific Potential index, the authors have investigated the career develqpment

factors that affect whether students develop careers dppropriate to their

scientific potential levels.

2.3 Factors Affecting Career Development | .

In order to develop a model for the types of information high school
students need to know to make adaptive career plans with respect to science,’
we posit two principles that relate students' perceptions to their career
plans: ' )

1. Youths will tend to explore and pursue careers that have reinforce-

ment and reward systems they.perceive as congruent with their own

motivations; and

2. Youths will tend to explore and pursue careers that have skill re-

. ‘quirements they perceive as cbngruent with their own abilities.

Adaptive career planning requires that youths develop accurate perceptions
of'valﬁes‘and skills typical of themselves and of careers. Arrayed against
adaptive career planning are the various factors that tend to direct career

development in nonrational ways: parental expectations, peer pressures,

.
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misinformation, racial and sex stereotyping and discrimination, and glamor-

'ized and stereotyped career role descriptions in mass media presentations,

The types of information high school students need in order to apply

the two principles of career planning are:
e the pattern of rewards that are to be‘expected in Qarious careers;
e the pattera of skills required for success in various careers;
° qne's own pattern of values and needs;
® one's own pattern of abilities; and
® an udderstanding of the career development process.

A primary objective of the current project was to develop an instrument to
assess these five areas of information, to determine whether, indeed, they
are crucial to appropriate career development with regard to scientific ca-

reers, and whether deficiencies in these areas might contribute to racial

.and sex stereotyping of science careers. If individuals with high Scientific’

Potential in groups that are underrepresented in science careers tend to be
deficient in one or more of these knowledge aspects, straightforward steps

can be taken to remove the deficiencies.

Information about reinforcements and rewards to be expected in various

careers is available from mary career guidance sources (e.g., The Occupa-

tional Outlook Handbook). This information, however, nearly always suffers

from three deficiencies: (1) it is based on interviews with small numbers
of people in the careers and may not be representative'of the typical career
member; (2) it is based on the reports of people in occupations who are usu-
ally middle-aged and requires high school students to guess how their own
values will change over the period of a decade or more, and (3) it is based
on reward systems of the present and requlres students to guess how rewards

may change over. the next two to four decades.

' Although ‘the third problem is essentially insurmountabie, and we can
do no better at present than to assume’ that rewards. will not change much,
the first two prbblems”can se addressed by a large-scale longitudinal study
such as Project TALENT. It is possible to estimate the components of job

satisfaction that are typical of varidus”careers that the Project TALENT-
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participants pursue and to relate them to statements about job values and
interests made by the same individuals while in high school. For exampleﬁ
McLaughlin (1975) found that on two important dimensions of reward, "income"
and 'doing worthwhile work," ratings of iheir importance varied systematic-
ally for 29-year-olds in different careers, and their ﬁatterns of ratings
were the same.as ratings obtained from those individuals in high school.

1f such stability of values is a general phenomenon, then the problem of in-
terpretation by high school students of older individuals' perceptions of
career rewards may not be serious. The question clearly.needs further ex-

ploration.

Information about skills required for ‘success in various careers has

been published in many sources but typically suffers from the same deficien-
cies as information on career rewards: small data bases, made up of adults
who  have pursued the career for a number of years. 'In response to these
first two problems, information on the abilities &f high school students who
were pursuing various careers five and eleven years after high school gradu-—
ation have been published by Project TALENT (The Career Data Book, Flanagan
et al., 1973; Using the TALENT Profiles in Counseling: A Supplement to The

Career Data Book, Rossi et al., 1975) for use in high school career guidance.

The problem ofldetermining how skill requirements for careers will change

in the next two to four decades has no solution in sight;

Information about an individual's own values, needs, ihterests, and

abilities is, in a sense, immediately available to him or her, since it can
be gained from self-perception and introspection. Why, then, the need for
'standardized tests and inventories? The reason is that the information must

be provided relative to a population; through normative data an individual

is iikely to learn more about the comparison population than about himself
or herself. Information relativé to a population is especially oecessary

in the case of abilities in order to judge how difficult it will be.to com-
-pete for a job one might desire. Abilities are continually being deveioped
in childhood and.adolescence so that, to each individual, his or ﬁer abili—
ties appear in general greater than those of younger students and less than
those of older students, and the differences at one's own age level seem

smaller. Moreover, one's comparison of himself or herself with peers is
37
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almost always limited to a small group of classmates. Any comparisons made

without benefit of standardized tests are likely to mislead students.*

In the case of values, needs, and interests, information relative to a
population is necessary to establish the scale's meaningfulness. When con-
sidering characteristics of occupations, a student may be more interested in
"helping others" than in "office work," say, on an absolute comparison, when
in fact his interest in helping others is at the 50th percentile relative to
the population and his interest in office work is at the 90th percentile,
because nearly everybody tends to express moreuintereat in helping others
than in office work. Such a student would clearly benefit more from a ca-

reer involving a great deal of office work than the typical person, other

things being equal.

Although Super (1963, 1973) has pointed out the importance of gaining
an operatlonal understanding of the role of the self—concept in career dével-
opment, conly a small amount of research has evaluated the accuracy of subjec-
tive self-evaluations in relation to actual test scores. Crosby and Wisner
(1941) observed correlations of between .4 and .6 for six Kuder interest
scales. In a more extensive study, O'Hara and Tiedeman (1959) have reported
correlatlons between self- and test evaluations for 37 scales of aptitudes,
interests, and values for each of four high school grades. Although the
correlations were significantly positive, they were small enough to suggest
that students cannot rely completely on self-estimates. However, some cor-
i’relations were substantiai (greater than .6), implying that self-estimates

could indeed be valuable for selected Variables;

Whether or not self- knowledge 1s accurate, there is evidence that self—
estimates of ability are effectlve determlnants of career plans. O'Hara
(1967) found self-estimates more closelv related to career plans than were

actual aptitude scores. Tuck (1972) tested whether unrealistically high and

*There are some grounds for the reverse argument, that a student's standing
relative to his or her classmates may be a better indication of potential
than a nationally standardized score. One's immediate peers may signifi-
cantly affect the effort one expends to develop his or her abilities, so
that, for example, a youth with a nationally standardized ability percentile
of only 60 who is performing at a higher level than any of his or her imme-
diate peers may be in fact indicating the potential for a much higher abil-
ity score if a change of environment is interposed.
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low vocational aspirutions were related to over- and underestimates of abil-
ities, respectively; the correlations of the tendency to "overaspire'" with
the tendency to overestimate abilities were significantly positive, althougﬁ
not particularly large (the largest wasf.33). Tuck concluded that since
self-knowledge appeared to be related to realism of careef plans, counselors
who wish to foster realistic career plans should consider that testing might

be necessary to provide students with accurate information about themselves.

In the past, most career choices have not been the result of careful
career plannihg. “Although, with the increasing emphasis on preparation {or
careefs'as a primary objective of public education in America, rational ca-
_reer choices are likely to be much more frequent, sound choices cannot be
made by students who lack an undersfanding of the career development process.

Students need to know that career development is a continual process rather

than a single choice, and they need to become sensitive to the relationship

between their actions and that process. Students need to know the impor-

tance of and methods for gaining and using relevant knowledge to evaluate

career decision options. Finally, students need to be aware of the impor-

tance of trial and error in career development and of the ways of gaining

“knowledge and perspective from qunts that appear to be setbacks in career

development.

In order to understand the necessity of knowledge about these aspects
of career development, let us considér some possible results of an inade-
quate understanding of career development. If an individual believes career
development to invplve a small number of crucial steps rather than a large
number of increments, he or she is likely to be very anxious about career -
decisions, to delay decisions excessively, and to be less likely'to explore
a wide variety of alternative career paths. ' If an individual is not aware |
of the relationships between hisAor her actions Snd career deyelopment, he
or she is likely to take actions that preélude some viaBle‘career paths un-
necessarily and is likely to fail to take actions . that might Qpen new career
paths. If an individual doés not uaderstand tﬁe_imgbrtance of gaining and
ﬁsing knowledge in career planning, he or she is likely to depend on vague
impreésions and guesseé even though objective ipformation is available.

Finally, a lack of knowledge about methods for gaining and using career
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and self-information will also result in decisions based on vague impres-
sions, even though the gndividuai is aware of the importance of such knowl-

edge.

An understanding of the role of each of these knowledge components in
the career dévelopment of high school students is necessary if we are to
design programs to increase the accessibility of careers in science to all
individuals with high scientific potential.. :The current study was under-
taken to develop that understanding. | S

2.4 Summary

According fo the viewpoint that underlies the current study, sgientifié
career development in high school consists primarily of (1) preparaﬁion for
college, (2) acquiring mathematics and science knowledge, and (3) developing
an expectatidn of becoming a scientist. The likelihood of stu@ents{ tending
towards a career'in science depends on the perceptions they Eave of the
match between their motivations and the réinforéements and rewards of scien-
tific careers, and between theif abilities and the skills required by those
careers. Therefore, the knowledge students have of their own motivations'
and abilities, and of the skills required and rewards providad by careers,
as well aé of the whole career development pfocess, is crucial to good ca-

reer development.
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CHAPTER 3

An Index of Scientific Potential
; ,

. In order to investigate the relations between career guidance factors
and development of scientific careers, it was essential to control for the
abilities that affect science career development. The first step in the
present studv was to compute a Scientific Potential index, a combination of
cognitive abilities assessed in high school that is most correlated with
establishment of a'career in science. An instrument nashthenfdeveloped
that measured theuscientific Potential of the high school students in the
1975 sample. Subsequent anal&ses of nonability factors were then able-to
control for the individual levels of Scientific Potential..

This chapter describes the development .of the index of Scientific Po-
tential {or high school students and of an abbreviated instrument designed
to measure.§cientific Potential. The index.was developed from Project
TALENT data that included 32 measures of aptitude and ability on llth.grad-
ers in 1972. The 32 measures were reduced to 8 principal components, and’

the index was defined as the linear combination of the eight factors that

~was.most predictive of being in a science career among males who had had

science career plans in high.school. The definition of "science ‘careers
and the exploration of alternative indices based on all 11th grade males,
based on females, and based on a reweighting of the science careers is de—

scribed further in this chapter.

3

The index of Scientific Potential was shown to be predictive of emi-
nence within a science career as well as»entry into a career. Measures of-

eminence including inclusion in.American Men and Women of Science, the num-

ber of references in recent-volumes of the Science Citation Index'and the

Social -Science Citation Index, and prestige ratings of the undergraduate

and graduate schools attended were all:found to Correlate with high school
measures of Scientific Potential for TALENT llth grade males who became phys- -

icists, chemists, or psychologists.

Finally, an abbreviated instrument, a subset of the larger TALENT bat—
tery, was developed. The instrument was designed to yield a measure of Sci-

entific Potential:nearly identical to the general index.(a correlation of-
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{¢94) and.also to provide reliable feedback to students on a wider range of
ability and interest dimensions. The composition of this battery - and the
information returned to the students are described more fully in Section

3.3. RN , o , . .

3.1 Development of the Scientific Potential Index

~— . The. general_gpngach_taken_in developing an overall index of Scientific

"'Potential was to use the longitudinal data available in’ Project TALENT to

relate‘abilities measured in high school to successful/establishment of sci—;

~3

ence careers by 11 years after high school graduation. The Project TALENT
" data base was an ideal source for these analyses, since it contains data on

a representative’ sample of 1960 high school students with follow—up data-at

about_age 29 Scientists in this group had just recently completed their
"education and begun their professional careers, so they repxesent the cur- .

rent pbpulation of young scientists of the 1970s.

Samples.. While Project TALENT contains -data on students ‘in each of
four grades in l960 (9th cbrough thh), the analyses of -TALENT data were
restricted to students in the 11th grade.. The follow-up data needed for the
criterion measure were 1ot available for the 9th and 10th grade samples at

~ the outset of -this prOJect (the ll-year. follow—up of these grades has since‘
- been completed). wurther, the uorms on many- of the information and ability
measures change noticeably frcm grade to grade. .Restricting the analyses
to a single grade is one way of avoiding - the introduction of unwanted grade
effects into the analyses, and the degree of 'accuracy obtained from 2z single
gradelwas judged adequate for the planned analyses. The gains in reliability
that would have resulted from an -additional grade did not warrant the con-
siderable expense of -doubling the number of cases and making ‘the measures
comparable between grades. The 11lth grade was chosen as most representative

‘of the target population of 10th, 1llth, and 12th graders.

B

_ For most of the analyses, the entire 11th grade male and female samples
were used however, in some of the analyses subsets of these samples were
analyzed separately.’ The Scientific Potential index is an attempt te iden-
tify the abilities needed to become a scientist, but entry into a science

career reflects interest in such a career as well as the required abilities. -

42

28 - ¢




In order to focus more closely on the requisite abilities, the discriminant
analyses were performed on the subsample of llth graders who had science

career plans in highlschool, as well as on the entire 1l1lth grade sample.

By restricting the range of initial interest, the:analyses should focus more

ciqsely on the abilities needed. On the other hand, the results from the
restricted set might not apply to those who did not'élready have science ca-
reer plans. The results on the restricted saﬁﬁle matched those on the whole
sample quite closely, so it appears thet the abilities pessessed by scien—
tists do not vary greatly between those with early science career plans and

those who decide later-on science careers. '

Criterion ﬁeasgre, 'The criterion measure used, holding a job in a sci-

ence field at age éé, is rather broad and does not measure the level of suc--
cess in a science career.v It is, however, a readily cbservable and almost-:
totally objective measure. The application and interpretation of other
measures of success (e.g.,‘publications, salary, or place of employment)
would vary’wideiy from one science career to another. (A chemist and a phy-
sieien with equal salaries are probably not equally "successful.") In order
to validate occupational entry es a geod criterion variable, measures of
success in science.careers were collected on a sahple of TALENT partieipants
in three specific science careers and correlated with the computed index.
The'findings-from;these data support the valid;ty'of using occupational en-
try as the primar& criterion variable, since-the index based on establish-
ment of a science tareer was also predictive of success within a science

career. (Seensection 3.2 below.)

Perhaps the most ~ritical problem in developing the Scientific Poten-

i_tial index was in’definihg what was meant by "science" careers. A. two-way

classification scheme was developed for sorting careers into different levels_

‘of "scientific-ness." The first classification was based -on. information “
-.concerning the amount of science education (physical biological, and social)
required’ for entry to the career, the degree to which such science training

was used on the job, and the degree to which people in the career contrib-
uted to or at least kept up with advances in ‘related fields.of sciencex. )

Four categories.were used to claséify people along this dimension. These

were:
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Group A Science Researchers who had extensive science training and

used 1t in their work. > A substantial number of the people in these
careers are making contributions to the advancement of scientific

knowledge.

Group B. Science Practitioners who had extensive: science training and

used it in their work, but in a more applied manner. . These people
keep up with technical advances in their fields, but are not generaliy

-involved in research.

Group C. Science Technicians who had some science training. They gen-~

‘erally work under the direction of researchers or practitioners, but

. they also may work in industry.

" Group D. Others whose jobs do not require much science training.

The'classifications were based'upon judgments made by the authors after,
consuiting referenccs such as the Occupational Outlook handbook ! ‘The career
categories used were the TALENT 3- digit JOb codes (see Appendix F of The '
Project TALENT Data Bank Handbook W1se McLaughlin, Shaycoft, ‘and Steel

1976). Table 3.1 shows those occupations class1fied into Groups A, B, and
C. A few of the TALENT 3~ digit occupations contained no llth grade 1l-year

"follow-up respondents and were not classified. Ali other occupations were

classified into Group D.

This classification scheme was in need of still further refinement;
Some occupation labels, such as fcheﬁist," cover a wide range of career
levels, including peonle in each'of the'first‘three groups. For this rea-
ﬂson, a second dimension, level of _education, was used to qualify the career
‘classifications. All persons .who were class1fied as sgience researchers
were reclassified as science practitioners if they did not have an advanced
degree. Ne%t, all persons classified as science practitioners\who‘did not’

have a bachelor's degree were reclassified_as science technicians.

Tables 3.2 and 3.3 show the numbers of men and women with science ca-
reer plans in the TALENT 11th grade sample falling into each of the cells
in the 4 by 3 (career by level of education) classification and in the final
2-level -classification. - For each cell the raw, weighted,'and effective sam-

nle sizes are shown. The rawAsample size is the actual number of respondents

ot . . | -
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Table 3.1

Classification of Occupations in Science Categories

Group A , Group B S ' Group C
. -

Science Researchers Science Practitioners Science Technicians
Agricultural Scieatist’  Architect : Chiropractor
Anthropologist . Chiropodist- Dental Hygienist
Archeologist Dentist . . . Efficiency Expert
Astronomer . ' Dietitian ' Electronic Technician
Biochemist Engineer | (various types) Laboratory Technician
Biologist o _ Optometrist Medical Technologist
Chemist- .. : Pharmacist ' : Nurse

- Conservation Specialist _Physician (all types ex-- Occupational Therapist
Economist ' . cept Medical Researcher) Physical Therapist
Educational Researcher " Psychoanalyst .

Geologist o : Pgychiatric Social Worker

Mathematician - - Research Assistant (in’

Medical Researcher - sclence field)

Meteorologist ) Statistician ' e
Microbiologist . Teacher - Math or Science K
Other Clinical Scientist (High School or College)

Other Social Scientist = Veterinarian . *
Pharmacologist :

Physicist-

Psychologist

Sociologist

O

to the TALENT ll-year follew—up. The weighted sample size is an estimate

of the number of people from the target population (all-1960 1lth graders)
who are represented by .the follow-up respondents. Each respondent has been
assigned a weight, the number of people in the population that he or she
represents, that corrects for differential 1960 sampling and participation
ratios and for differences in the  follow-up response rates (see Wise et al. ‘
1976, for a more complete description of Follow-Up Matching Weights C). The

effective sample size is a lower bound estimate of the number of eqnalli

weighted cases required to produce the same levelfof.accuracy as was ob-
tained with the differential weighting actually used. The effective sample
_size,will always be less than or equal to the raw sample size, since dif-
ferential .weighting prodnces 1ess stable results. (Differentiai weighting’
isnrequired for 'producing essentially unbiased population estimates. ) The
.effective sample size is used in evaluating the statistical significance of
various results.
45
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Table 3.2

Numbers of TALENT 11th Grade Students with_Science Career'Plansa
in Each Career and Education Category

-

Science ' Science Science - Nonscience
Educat jonal . Researchers Practitioners Technicians Careers Total
Level N M F M F M F M F M F
Lo / ‘ N

Advanced ‘Raw 89 13 - 340 27 11 5 532 125 972 170
R ‘Degree wed 3,207 879 16,877 785 236 125 28,689 3,775 49,009 5,564
Eff 8 2 40 5 11 4 65 18 121 28
\ Bachelor's Raw 32 8 239 25 44 53 848 361 1,163 447
Degree ., Wtd 2,105 161 10,696 1,610 1,463 1,676 49,988 32,212 64,252 35,659
Only Eff 5 8 33 4 -6 7 102 60 143 76
No , Raw - 8 0 85 6 182 270 1,526 1,216 < 1,801 1,492
Bachelor's Wed 514 0 5,277 1,033 13,240 "15,268 125,907 57,233 144,938 103,534
Degree Eff 2 0 12 2 21 36 219 157 248 . 187
' . Raw 129 21 664 58 2137 328 2,906 1,702 3,936 2,109
Total Wtd 5,826 1,040 32,850 3,428 14,939 17,069 204,584 123,220 258,199 144,757

Eff 15 10 : 83 10 37 45 377 225 500 279

aThe definition of science career plahs used in developing the index was more general than the defini-
tion used in subsequent analyses, including some careers classified as science technicians. In parti-
cular, the number of women with laré€er plans in science shown in this table includes those planning a
nursing career, but that occupation was not included in the definition-of science career plans for
later analyses. °

b

”

The raw N is the number of Project TALENT participants in each cell. The weighted N, "Wed," is the
sum of their individual weights and therefore is an astimate of the total number of all 1960 llth
graders in the United States who would have been classified into the particular group. The effective
N, "Eff,”" is the statistic to be interpreted as a lower bound of the sample size in evaluating the
statistical significance of various results. The effective N is described more fully in the text.,

- The primary purpose of this classification was to differentiate between
those individuals who manifested the successful development of the abilities
required of a scientist and those who did not. While the definition of "sci-
entist'" has conventionally been restricted to'careers in Group A, the abil-
ities required in careers in Group B are quite similar. On the other hand,
entry into a science technician career generally requires much less ‘science
ability and training than‘is r?qpired for entry into -science researcher or;'
sgiencg'practitioner careers. For these reasons, the criterion measure used
in developing the index of Scientific Potential was taken as being gither a
sciencé researcher or a sEience'pfactitioner (Group A or Group B) with at
least a bachelor's degree at the time of the follow-up 11 years after high

school graduation. -
! .

Ability measures. The two-day Project TALENT test battery,administered

in 1960 included ability and information tests, inferest,’personality, and
. - . _ 7
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Table 3.3

Numbers of 11lth Graders with Scierice Career Plansa
in the Final Two-Level Classifications

Category ’ N°  Males - Females

Science researchers and - Raw N 700 : 73

practitioners with at ' Wtd N 32,885 3,434

least .a bachelor's degree Eff N 85 10

| Raw N 3,236 2,036

All others : Wtd N 225,314 _ 141,322

: Eff N 420 270

‘ _"Raw N 3,936 2,109

Totals Wtd N 258,199 144,756
N

Eff 500 .+ 279

#The definition of science career plans used in developing the
index was more general than the definition used in subsequent
analyses, including some careers classified as science techni-
cians. In particular; the number of women with career plans

in science shown in this table includes those planning a nurs-
ing career, but that occupation was not included in the defi-
nition of science career plans for later analyses.

®rhe raw N is the number of Project TALENT participa.._ in
each cell..  The weighted N, "Wtd," is the sum of their indi-
vidual weights and therefore is an estimate of the total num-
ber of all 1960 11lth graders in the United States who would
have been classified into the particular group. The effective
N, "Eff," is the statistic to be interpreted as a lower bound
of the sample size in evaluating the statistical significance
of various results. The effective N is described more fully

in the text.

‘“

background measures, and information on currenf activifies.' Thiipy—twp
different ability and information scales were included in tﬂe anéi&ses as
possible predictors of_latér.écience.achievement. There are high cortela-

 tions'be§weep many of the 32 cdgnitive tests, and highly correlated variables:
lead to unstable (from sample to sample) discriminant functions. (The corre-
lations bétween the 32 tests are given in Table 3.4.) Aléo, a~sma11e;.numbéf
of factors wduld be more meaningful to other reseéréﬁérs who do not have

‘access to the TALENT tests. Theréfore, principal components of the 32 tests.
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were determined, using the data from all Project TALENT respondents who were

in the 11lth grade in 1960.

Separate analyses were performed for males and females, and separate
8—dimensi6nal models were accepted for both males and females on the basis
of the proportion of variance accounted for in each of the 32 variabies in
general and in the math and science measures in particular. The 8 dimensions
were then subjected to a varimax rotation in order to aid in the interpre-
tability of the discrimiﬁant analyses in the next step. -‘Such a rotation has
no effect on the degree of discrimination in such an analysis but tends to
increase the interpretability of the dimensions.. Tables 3.5 and 3.6 show
the communalitiés in each of the 32 variables and their loadings-on each of

the 8- rotated dimensions separately for males and females.

The dimensionthhat resulted from thé analysis of.the 11th grade males
were quite similar to the dimensions resulting from the analysis of the 1lth
grade females. The first 4 factors were nearly identical. The primary dif-
ferences were that for women electronics and aerospace information tended
to be relatively unrelated to farming and mechanicé information while these
variables formed a single factor for men, and word skills ghd computational
abilities formed separate dimensions for men while forming a single factor
for women. It was felt thaﬁ.these'differences, while slight, were suffic-
iently reliable tobjustify retaining separate factor structures for men and

women.

' Results. vThe,specific technique used to obtain the Scientific Poten-
tial index was to run a stepwise multiple regreséion with e;tablishment of
a career in science as the dependent variable and the 8 ability factors as
the independent variables. The purpose of the stepwise procedure was to ex-
clude factors that did not reliably add to the prediction of the criterion.

At each step an F-statistic was computed for each remaining variable, test-

»ingfthe hypothesis that the amount of additional Varianqe accounted for by

the variable is significantly different from zero. The process was termi- |

.nated when all of the F-values were less than 1.0. Although we could have

"accounted" for slightly more of the variance in the criterion.variable,by
including all of the factors, we:would then expect greater "shrinkage'" during
a cross-validation of the index. ‘ '

%
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Table 3.7 shows the beta weights and multiple correlations for predict-
ing entry into a science career using the 8 ability dimensions for each of
the 4 populations (all 11th graders and only those w1th science career plans,
separately for e;ch sex). In all cases the math dimension receives the larg--
est weight. For both sets\of males the same 6 factors were selected and as-

. signed almost exactly the same degree of importance, the only difference
being the Memory for Words dimension, which was less important in the gen-
eral popuistlon than for those plannlng science careers. Indeed these two

‘composites'correlste .94 with each other in the population of 196Q 11th grade

males.

The multiple correlations with the criterion of about .3 for males are
unexpectedly high, since establlshment of a science career is dependent on
a large number of experiential influencés not directly “related to high school
abilities. Rever (1973), in summarizing previous research efforts relating

high school variables to college majors and career development, has stated

1

that:

"Multiple correlation coeffieients between [career] path membership ‘
and tesponse variables range between .3 and .5. 'Comparab1e~va1idity :
measures are observed by simply asking students what path they will

be on in the future. So even the most sophisticated measurement tech-
niques do not add much to what subjects themselves can predict, assum-

ing they make a prediction." (p. 144)

FFAS

Analyses of the nonabiiity meesures are deScribed‘in Appendix C. Wnen these
variables are added to the ability measures, the multiplencorrelations rise

to -54 for men and .41 for.women, considerably higher than the corresponding
\correlations of .33 and .23 between career expectations and career outcomes

for the TALENT 1lith graders. In this context, the correlations for the abih\\N
ity measures alone. are remarkably high,.particularly sinee the criterion var-
iable follows the 1ndependent variables by 12 years, not the 1 to 5 .years

that is typical in similar studies

! " The functions based on the subsamples of those who had science career
~ plans accounted for more of the variance of the criterion variable in those’

subsamples than the functions based on all 11th graders accounted for in

the whole samples- of 11th'graders; 'For males, the increase in predictive

L | 39 S ‘
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power was slight: moltiple'correlations of .29 in the total population and
.3l‘for those with science career plans. ' For females, the increase was more
substantial: multiple correlations of .14 and .26 respect1vely. If, how-
ever, biserial correlations are used to correct for the attenuation due to
the dichotomizing of the criterion variable, the picture is somewhat dif-
ferent. For males, the prediction. is better in the general population (.57
compared to .49 for. those with science career plans), while for females the
prediction level remains higher in the population of those with science ca-

reer plans (.53 in the general population compared to .07 for those with

'science career‘plans). These results support the hypothesis that there are

more nonability influences on scientific career development among the gen-
eral population of women than among women with science career plans (and

hence ability alone would account for a smaller proportion of the variance).i -

The results- for females differ somewhat from those for males and the
results for the two populations of females also differ somewhat. The role
of 1nformation/reading and English skills was much greater for men than for’
wumen. Technical information was a more significant indicator of scientific
potential for women than for men, especially for women with science career
plans. Despite the differences in the regression weights, the function de-
rived fromhwomen with science»career~plans‘correlated .73 with the function
derived from all women. These two functions correlated between .74 and .89
with the equivalent functions derived from.the two maleisamples. 2
One possible reason for the differences observed betweenlthe indices

developed on the male and female samples 1s that the criterion measure is

_measuring the establishment of somewhat different types of careers for the .

two groups. More than 10% of,the males classified as scientists were engi-

- neers with an advanced degree, but there were no women in this category.

On the other hand more than 207 of the women classified as being in science._

careers were high school teachers with no advanced degree compared to only

5% of the men.

In the previous analyses ‘each occupation and education category contrib-

uted ito the results in proportion to the sum of the weights of the people

in the category. These proportions, shown in Table 3.8, differed markedly

for men and women who had science career plans in high»school. - A third
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anaiysis was run in which each occupation and education category was weighted.
“in proportion to .the geometric mean of the number of women and the number of
men found in the category. The same proportionsa shown in Table 3.8, were
used for both men and women. The multiple correlation for women was greatly
improved by this technique (from .26 to .38) while it declined among the men
(from .31 to .24). The resultant functions were actually less similar, how-
ever. A closer examinarion of the data reveals the reason for this decline.

The pattern of relative abilities across various science careers differs

widely for men and women. One example is high school science teachers.

Women in this particular career have high Scientific Potential scores, men
in this career score relatively lower on Scientific Potential than men in
most other science careers. Table 3.8 shows the mean levels on the fipnal
Scientific Potential index for men and women in-each category. Forcing‘this
"career to have the same importance in the criterion for men and women really
does nothing to make the patterns of required abilities similar. If any-

thing, it highlights differences between the patterns of abilities.

c

Table 3.9 shows the intercorrelations between tne six Scientific Po-

tential functions in the 1960 1lth .grade male and female populations.

Consideration was given to adopting separate functions for males and
females. Use of a separate function for women was ultimately rejected: for

the following reasons:

1. . The range of careera(entered by women in the TALENT population was
severely restricted .compared to the range of careers for men. Com—
parisons between the high school career plans of today's youth and
those of 1960 clearly indicate that the women now in high school
are seeking to enrer a much wider range of science careers, althnugh
there is still sex stereotyping of career plans for certain fields -
.ef\acience. A measure of potential based on the restricted ‘range
of careers of the women in the TALENT sample would be clearly in-

appropriate for women now in high school.

2. The functions derived from TALENT women were based on a very small
number of women scientists. Only 183 women among "the 12,000 female
TALENT 11lth grade ll—year follow-up respondents were classified as
scientlsts. Only 73 of these had had science career plans in high

~
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school. Because the cases are differently weighted in order to be
nationally representative, the "effective sample sizes'* are much

less, only 20 and 10 for these two groups.

" In choosing among the three functions based on the male samples, impor-
tance was placed on moviné toward an assessment of abilities required for

science careers rather than merely abilities that were correlated with going

into science careers. The function based on the males with science career
plans was considered preferable, since correlates of science interest had to
play less of a mediating role in this restricted group. For example, music
'information might have a eOrrelation with science career entry in the gen-
eral population only because both_are correlated with having science career

plans in high school.

N

In summary, the index of»Scientifie'Potential was_develobed using 11lth
grade males who planned to go into'science careers. For this gronp‘more
than any other considered, ‘the student's ability plays the major role in
determining whether he will achieve-his career plan. Tbe'large%t determinant
of success was math ability. How well and widely the-.student read and his
visual imagery skills were also related to the probability of establishing
a science career by age 29. Figure 3.l‘shows the relative importance of
each of the nearly orthogonal factors. ITable 3.10 shows the indeiraezined
in terms of the original 32 tests and gives the simple correlation'of‘the
index with each test separately for males and females. Again, the math tests
are the highest single correlates of the Scientific Potential index.  These
findings are not too surprising;: the resultant function has a good deal of .
face validity in that these are exactly the skills that most scientists use,
and other studies have also found that mechanical reasoning, spatial visu—-
- -alization, and math info;mation discriminate science-oriented from nonsc1ence
| students {Cooley,-1966; H. S. Astin, 1970). Whatris important is that the
resultant function is a precise calibration of the TALENf tests for prediot—

‘ing successful pursuit of a science career among high school students.

1

*See the discussion of effective sample size on page 31.

2,
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¢

Beta Weights

« Beta Simple Correlation
.05 .10 V15 .20 | Weights With Criterlon
Mathematles .203 2
Info'rmnt fon/Reading . 152 .15
Visual Imagery . 125 .13
§ Memory for Words - 061 .05
8 Cnglish - © 059 _ .08

Technical Information . 057 .05 -

Memory for Sentences

Arithmetic Computation

Figure 3.1. The contribution of each factor to the Scientific Potential
1 index. (Note that the simple correlations with the criterion
are based on the population of 1lth grade males. 'Note also
that the Memory for Sentences and Arithmetic Computation
factors did not add reliable information to the index
developed from the other factors and so were not included in
the final fun: tion ))

3.2 Validation of the Scientific Potential Index

As a valldation of the Scientific Potential ‘index, an. examination was
made of the relationships of Scientific Potent1a1 (in high school) to meas-

. ures of success as a scientist. The valldatlon was performed on a sample
of the TALLNT 11th grade males who wentL on to become’ sc1ent1sts. The sample
' consistced of 53 chemists, 20 phys1c1sts, and 40 psychologlsts. "

Two main measures of success were used. The first was whether the re-

- spondent was included in American Men and Women of Science. (Twelve of the

chemists, 2z of the physicists,'and 1 of the psychologists were'included;)
The second criterion measure was the number of references to the respondent's

publications’ in the Sclence Citation Index or in the Social Science Citation

. Index. In addition, prestige ratings from Roose and Anderson (1970) were

entered for the respondent's undergraduate and .graduate institutioms. .

Table 3.11 _shows the correlations between these measures of success and
Scientific Potent1a1 While not all of the correlations are statistically
significant w1thin occupations, all of‘the ones that are significant are in
the expected direction. Ihdeed only one correlatioﬂ is not positive, and

- that is for the psychologist group, which undoubtedly . 1ncludes both clinical

and experlmental psychologists and which has only one'inclusion in American

“ 60
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Table 3.10

Definition of the Scientific Potential Index
in Terms of the Original 32 Tests

. Correlation with the
Sciertitic Pctential Index

TALENT Standardized

"Code . Description ' Weight ' Males Females
. Rlo2 Vocabulary .039 .77 .76 !
R103 Literature Information .069 ' .72 .73
R104 Music Information .073 = .66 .69
R105. Social Studies Information v .025 . .71 .71
R106 Mathematics Information .121 " .86 .82 -
R107 Physical Science Information .071 .78 .75
. R108 Biological Science Information .025 .60 .58
..'R110 Aeronautics and Space Information .042 .63 47
R11l | Electricity and Electronics Info. .028 - .60 .48
R112 ~ Mechanics Information - =.054" .45 44
R113 ~ Farming Information -.067 .35 .45
R114 Home Economics Information . -.040 U .42 .42
~*R115 Sports Information . .031 . .56 .54
R211 Memory for Sentences } -.056 .16 .26
R212 Memory for Words 122 .56 .60
R220 Disguised Words N .112 -67 .63 i
_R231 Spelling . . 028 : . .50 .48 .
R232 Capitalization ' -.112 .36 v 32
R233 Punctuation .039 .69 . .89
R234 . English Usage ] -.012 . .55 .51
R235 " Effective Expression . © ~.030 .50 <45
R240 Word Functions in Sentences 144 . .76 .77 -
R250 Reading Comprehension .049 _ .78 .77
R260 Creativity .060 .68 .56
R270 Mechanical Reasoning . .074 ' .66 .66
R281 Visualization in 2 Dimensions -116 .50 .50
R282 Visualization in 3 Dimensions .095 .60 .62
R290 Abstract Reasoning ) .084 - .68 .66
R311 Part I. Arithmetic Reasoning .035 S5 R ¥
R312 Part II. Introductory H.S. Math .112 .83 .79
. R333  Part III. Advanced H.S. Math .151 _ .75 . 66
F410 Arithmetic Computation ~-.086 .36 .37
-

Men and Women of Science. - For the comblnatlon of all three groups, all of

\v,
the correlations are 81gn1f1cant

While the magnitude of the correlations'indicates that high school abil—

(AN

ities as measured by Scientific Potential play only a moderate role in deter— o

mlnlng success among those who enter science careers, nevertheless th1s

level of prediction is surprisingly high. A number of later factors, most

notably those related to undergraduate and'graduate education, should be ex-
- . v i
01
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pected to play a much 1arger role in determining a student's level of success
as a scientist. Furthermore, the criteria used were rather crude, and the

samples used had.a very restricted range on'the Scientific Potential index.

All in all, these data indicate that the Scientific Potential index is a

reasonable predictor of success as a scientist as well as of entry into a

science career.

Table 3.11

Correlation of Scientific Potential with Measures of Occupational Success

Criterion Groups

Chemists  Physicists Psychologists Total

Criterion Measures =~ N=53. N=20 N=40 N=113
Undérgraduate institution prestige .18 .36 .01 L20%.
. : . |
Graduate institution prestige .24 L43% L40%% L37kx
. ) v ) f ' .
Science or Social Science Citation Irndex . 32%% 27 ' .20 . L 27%%
. American Men and Women of Science .28% .26 7, -.10 £21%

*Signif‘cance‘level of at least .05 (l-tailed test).
**Significance level of at least .01 (l-tailed test).

3.3 Development of a Measurement Instrument,for Scientific Potential

-

The general index of Scientific Potent1a1 described above was based on

32 dlfferent ab111ty and information tests that were part of Project TALENT' s
two—day testing program. For the present study of high school students in
California, a battery requiring not much over tﬁo hoqrs was needed. Three
criteria were used in selecting the tests for this abbreyiated,battery.
First and fdremost ‘the tests were selected to give an index as neariy iden-
tical as possible to the general 1ndex. The second consideration was the
ease of administration, particularly the time required. This Precluded, for
example, taking a féw items from each test, since they all had separate di—
rections to be read. Finally, iﬁ return for taking these tests, the stu-

dents were to receive their own ability and interest profiles in a form that

could be compared to the Career Data Book (CDB) profiles (Flanagan et al.,



1973). (Figures 4.17 and 4.18 are similar profiles from Rossi et al., 1975..
Figure 1.1 is an example of a student's profile produced as part of this
project.) Thus oneiadditional constraint was that the test battery had to
be constructed so that the CDB scale scores could be generated with reason-

able accuracy,

The specific goals were to develop an abbreviated test battery that
(1) would accourit for at least 80% of the‘total ;ariance in Scientific Po-
‘tential (r >'.89), (2) account for at least 70% oflthe variance in each of
the 32 CDB scales (r > .83), and (3) require not more than 2 hours of test-
ing time (exclusive of the time needed to distribute the tests and ;ead the
directions). Item and scale correlations from the 47 sample of the 1960
TALENT data were used to compute the required correlations for each proposed

"

battery.

The first part of the battery was the enfire Project TALENT 205—item‘

Interest Inventory, which takes 20 minutes of testing and from which 17 of

the CDB scales are derived. These interest scales were needed not only to
provide the ability and interest profiles for the students, but also féf the
kinvestigation of honability_factors thét are related to planning a careef

in science. The initial version of the battery also inciuded the introduc—l
tory math test (the advgnced math test had a large gréﬂe effect), the reading
comprehension test, and the vocabulary, literature, math; and physical science
items from the information inventory. The initial version included about

1 hour and 50 minutes of testing time.

Table 3.12 show; the multiple correlations of the missing CDB scales
with the information .and ability scales selected. Five of the missing scales
were not adeQuately reproduced: Music.Information, Biological Science Infor-
mation, Creativity, ‘Mechanical Reasoning, and Visualization iﬁ 3 Dimensions.

- Since all of Part I:of the Information Test was prohibitivély tiﬁe—consuming
(90 minutes), a small number of items from the missing information scales
that had a high c;rrelatiog wi&h the total scorés>for these scales were
added. In.additibn, it was necessary to include either'Mechanical Reasoning
or Visualization in 3 Dimensions as these ééales were not adequately repro-
duced from the others. These two écales were highly correlated so that only
one was needed. Visualization in 3 Dimensions was chosen since it had a
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higher loading on Scientific Potential. The contents of the final version

of the battery are shown in Table 3.13.

Table 3.12 shows the multiple correlations of the missing CDB scales
with the initial and revised battery. The battery had a multiple correla-
tion of .94 with Scientific Potential, which was comfortably above the tar-
get of .89, and the teséing time was 1 hour and 59 minutes. With.;he.direc—
tions and qther administrative time, the battery took just over 2—1/2lhours
of class time to administer. Since the Career Planning Survey took slightly
less than 2-1/2 hours, the t&o instruments could bBé& schéduled into 5 hours.

: 3:4' Summary )

An index of Scientific Potential was developed. The indexwwas the lin-
ear combination of 32 Project TALENT aBility tests that best discriminated
between those males Qiéh sciénce career plans in 1l1lth grade who had'a job
in a science field 11 years after high school graduation-and those who did
not. The index was nearly identicél to a siﬁilar index based on all TALENT
llth grade males and highly correlatéd with similar indices based on TALENT
11th grade females.

Table 3.12

Multiple Correlations of the Omitted CDB Scales
' with the Scales Selected

Multiple Correlation
with Other Scales

~ TALENT

Code Description . Initial Version Final Version
R104 Music Information | .809 .913
'R105 Social Studies Information .911 | .913
.R108 - Biological Science Information ’ .830 .914
. R230 English Total e 935 . .939
R260 Creativity .828 . 836
R270 : Mech;nical Reasoning .798 . . 842
R290 Abstract Reasoning .850 . 866
R311 Arithmetic Reasoning .871 .871
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Table 3.13

Contents of the Career Interest and Aptitude Inventory

TALENT . No. of Testing
Code Description R Items Time
Abbreviated Information Test . (120) 40 min.

R101 Screening ' 12

R102  vocabulary 21

R103 Literature 24

X104  Music . 6

R106  Mathematics 23

R107 Physical Science - 18 .

X108 Biological Science 6

R109  Scientific Attitude ' 10 oy

Aptitude and Abilities Tests

R312 Introductory Mathematics 24 20 min.
R282 Visualization in 3 Dimensions 16 9 min.
R250 Reading Comprehension ‘ : 48 30 min.
Interest Inventory , (205) 20 mia.
P701 Physical science, engineering, math 16

P702 Biological science. and medicine 8

P703 Public service : 11

P704 Literary-linguistic 16

P705 Social service . ' 12

P706 Artistic : 7

P707 Musical 5

P708 Sports 8 : .
P709 . Hunting and fishing 3 N

P710 Business management 14

P711 Sales . o 6

P712 Computation ' ' : 10

P713 Office work 7

P714  Mechanical-technical . 15

P715 Skilled trades 18

P716 Farming . ' " : 7

P717 Labor 10

/

The Science Potential index was found to predict four seleéteg measures

of success within science careers in addition to holding a. job in a science

field. - . y N Co-
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An abbreviated 2-1/2 hour test battery was developed that yielded an
index of Scientific Potential nearly identical to the general index and also
reproduced the 32 CDB scales so that CDB profiles could be returned to the

students tested. .

<o
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CHAPTER 4 o

Career Development Toward Science Careers

4.1 Analytic Procedures

Data analyses in this project involved two distinct data bases, made
use of several different criterion measures in ‘each, and included a number
of aﬁalytic techniques that were designed to complement and build upon one
another. In this chapter, the results are organized around eight general

research questions.

1. How are Scientific Potential, science career blans, and jobs in

Science fields related to sex, to ethnic differences, and to family

background factors?

2. How are Scientific Potential, science career plans, and jobs in

science fields related to activities, interests, and values in high

school?

3. How are Scientific Potential, science career plans, and ‘jobs in sci-

ence fields related- to high school courses taken and. grades obtained?

4. What kinds of .career guidance activities are viewed as important by

high school students, and how is involvement in these activities re-

lated to Scientific Potential and having a science career planf

5. What errors do students have in their self-perceptions and their

perceptlons of people in careers, and how do these errors relate to

Scientific Potential and science career plans’

6. How are postsecondary education plans related to Scientific Poten-

tial and science career plans for students of different sexes, eth-

~

nic groups, and family backgrounds?

7.  How are science career plans related on the.one hand to Scientific

BN

Potential and on the other hand to estabiishing a science career, e

and how have science career plans’ of high school students changed

between\l960 and 1975?

8. Which science fields and which nonsciencé occupations have attracted

1ndividuals with high Scientific Potential, especially women and
ethnic minority members? '
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Before turning to these research results, we briefly describe the two
data bares used, Project TALENT and the 1975 data, and the major analytic
steps. Table 4.1 presents a genefal outline of thce types of analyses per-
formed on each data base. The results of much of this analysis are prescnted

in greater detail in Appendices B, C, and D, as described below.

Project TALENT. Project TALENT assessed a large number of potential

career . development factors during the two days of intensive testing in 1960.
_These variables consist of 394 biographical questions covering family back—
ground, school and extracurricular activities, and educational and career
plans for the future; 10 scales based on 126 self-descriptive terms dealing
with aspects of the student's personality; and 17 interest inventory scales
based on 205 items that assessed how intergsted the student was in 122 occu—‘
pations and 83 activities. Derived scales of socioeconomic status (SES),
study habits and attitudes, and work activf%ies, chores, and jobs have been
constructed from sets of related biographical questions. The Project TALENT

data analyzed in this study were from the students who were in 11th grade in.

1960.

a. Correlates of Scientific Potential. The first analyses carried out

concerned the kind of s tudent who had ‘high science ability. Thls was not an -
investigation of the etiology of science ability; neither Project TALENT nor
the current studv contain data on the developmental processes that unfold
prior to hlgh school. The purpose of these analyses was to give a general
picture of the concurrent characteristics of high school students with high
Scientific Potential amd to provide the backéround required for a fuller un-

derstanding of the relationships explored in later analyses.

Eecause of the high expense of calculating large numbers of correlation
coefficients (around 400 var1ables) in large samples of subjects (approxi—
mately 12,000 each for males and females), we drew a smaller subsample of
males and females from the ProJect TALENT master files. These samples con-—
sisted of all the individuals with jobs in science fields in 1972 and a ran-
dom 30% of the individuals in nonsc1ence careers. The nonsc1ence 1ndiv1duals
still outnumbered the sciéhce individuals more than 3 to 1 for males, and 27
to.l for females. Correlations, partial correlations,'and regresslon func-

tions were determined using these subsamples. Since the ratio of nonscience
(&)
08
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to science cases.wgs considerably smaller than in the geheral population,
correlation coefficients were noe.aS attenuated by the skewness of the cri-
terion variablp aé they might otherwisé have been. (nganalyseé of dichoto~-
'mous measures such as science vs. nonscience occupatlon, we have reported
point blsqual correlations rather than biserial correlatlons unless other-

wise indicated.)

b. Partial correlations controlling for Scientific Potential. In order

to investigate which nonability measures were indicative of a person's pur-

suing a career in science when Scientific Potential is'controlled, we deter-
mined the partial correlations of the Project TALENT variables listed above
with being in a science occupation 11 years after graduating from high school‘
partialing out Scientific Potential. The resulting partlal correlation coef—
ficients indicate the,éxtent to which each of the variables is related to
entering a science career when abilities typical of scientists are held con-
stant. This procedure was repeated separately for both sexes, using the

same 1llth grade participants from whom the index of Stientific Potential had
been develoﬁed. Appendix B! displays the correlations of some of the'more_
1mportant variables with Scientific Potential, with science career plans in
high suhool, and with later sc.ence occupations, as well as the partial cor-
relations of these variables with science occupations controlling for Scien-

tific Potential.

c. Linear regressions. It is impossible to estimate from the individual

correlations of a set of variables with a criterion, such ashhayipg a science
career plan, how much of the total triterion variance 1is accounted§f?r by the
whole set of variables. Two variables might make separate contributions to
the eﬁplanation of who goes into science, such that the two together have
jmuch more explanétory pbwer than either alone; on the other hand, two vari-
ébieSvmight be accdunting’for a common portion of the variance, such that
either alone would have almost as much explanatory power as both together.
In order to estimate the predlatablllty of criterion measures within differ-
ent groups, and in order to.dlscern whi.n variables Cﬁntleuted unique com-
ponents of'predictability to the crits¢ion variance, we gégressed both ca-
reer plans in high school and oécupation 11 years after high schocl on a
selected subset of the variablés used in the partialocorrelation analyses.

The selected variables consisted primarily cf the items or scales with the

-
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largest correlations with having écscience occupation.after.pgrtialing out
Scientific Potential. If an item had a significant partial cérrelation for

at least one sex it was selected, except tﬁat an effort was made to choose
only one representative variable.when several were similar and highly inter-
correlated. To these variables were added several others that did mot have
large partial correlations with science otcupationSj but are of theoretical
importance, such as the number of science courses taken, SES, whether the
student's father had a séience occupation, whether the st&dent's mother was

a professional, and the amount of féfher's ;nd mother's eduéation. Altogether,
37 variables were used in addition to Scientific Potential. The results df

these regression analyses are discussed in some detail in Appendix C.

The results in Chapter 4 are orgadnized by content area, as described‘
earlier in this section. In contrast, the linear regressions incldded var-
iables from several content areas, and tgus for the sake of clérity they are
described separately in Appendix C, witﬁ ﬁérticular findings of the regres-
sion runs summarized where appropriate in this chapter. We d&nsuggest, how-
ever, that readers interested in viewing the TALENT data from a multivariate

perspective turn to Appendixes B and C after finishing Chapter 4.

d. Distributions of Scientific Potential scores. In order to provide

the basis for crucial comparisons, the frequency distributiogb of Scientific
Potential scores were computed for different subpopulations, and the mean
levels were computed for many groups of individuals, such as those in a par-

ticular occupation.

o

1975 data. Analyses of the ability apd nonability measurés collected
by this project primarily consisted of computation of frequencies of all the

responses, distributions of Scientific Potential for various subpopulations,

-crosstabulations of responses, and the relationships between Scientific Po-

tential and science career plans for subjects selecting each response to
each question. The cémplete results of this analysis are presented in Ap- -
pendix D along with a copy of the Career Devglopment Survef’instrumeqt: for
each response to most questions, there is présented (a) the number of indi-
viduals who selected that response, (b) the pefégn;age of that number who
had science career plans, (c) ‘the mean Scientific Potential of those who se-
lectéd{that response and had nonscience career plins, and (d) the mean Sci-

entific Potential of those with science career plans.

, _ 57.
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In this chapter, the results from analyses of both data. bases~are orga—_
nized into eight sections following the outline of content areas 11sted above.
Figure 4.1 summarizes the organization of.th_s chapter and the sou;ges‘of the
dafa discussed in each section. Since many of the results are displayed in
detail in the appendlxes, the following sections will highlight, contrast,

and summarize these f1nd1ngs.

.

Sex, ethnicity, 2
background factors
Section 4.2 =
Data: TALINT, 19075

High school activities, High school courses
. inteTrests, and values and grades
. Section 4.3 - I, 3 . Section 4.4
Data: TALENT, 1975 Data: TALENT, 1975
, . . -
s N
High school career Knowledge of self
guidance activities and careers
Section 4.5 > Section 4.6
Data: 1975 Data: 1975
o
Postsecondary Science
.education plans ——- cireer plans °
© Section 4.7 ) . Section 4.8
Data: TALENT, 1975 Data: TaLent, 1975'

. Science career

i L . establishment
- Section 4.9

Data: TALENT

Figure 4.1. Organization of this chapter and sources of the data
discussed.  (Note that Project TALENT data are from
the 1960 testing and from the follow-up in 1972 of
the 11th grade class; the 1975 data was collected as
part of the Science Career Development Project.) KB

£ .

4,2 Sex, Ethnic Group, and Family Background
@

The relationships of Scientific Potential to sex and ethnic group are

of primeé importance in determining,why women and minorities are so grossly

) . 58 .‘ .’I
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underrepresented in the sciences. The many comparisons of men and women in
science in this chapter raise the question of why the backgrounds, experi-
ences, and plans of male and female scientists differ. Since far fewer women
enter science than men, we might have expected that female scientists, as. a
very select group, would be evern, more talented relative to the rest of their
sex than are male scientZsts. As discussed in Section 4.9, we have not found
‘that to be true; the differences in abilities between scientists and nonsci-
entists are about the same for men and‘women. A more likely reason for some
of the'differences between male and female scientists is that the females had
to resist traditional sex role stereotypes. On the one-hand they would need
strong motivation based on early experiences not to follow the path of least
resistance, and on the other hand the fact that they were perceived as being
outside tﬂe nnrms for their sex might affect their personalities.andivalues
in characteristic ways. In addition, the criterion gronps of scientists’

differ for men and women; most women in sclence are in the social sciences

rr.

or are teaching science, while many men are in the englneerlng fields and
physical sciences. When the criterion groups are so different in their ac-
‘tivities and interests, we would expect that male and female high school

students planning on:pursuing science careers would also differ.

The Scientific Potential lndex was designed to have a.mean of 50 and a
standard deviation of 10 for the 1lth grade of the 1960 TALENT data. In the

1975 sample, the mean Scientific Potential score for males (N=458) was 51.3

with a standard deviation of 12.2, and for females (N=507) was 49.0 with a

standard deviation of 11.0. While the women averaged slightly lower on the

E) e —————a

.Sc1ent1f1c Potential 1ndex than the men, the.degree of overlap between these
distributions is str1k1ng. In the 1960 TALENT sample there was a greater
difference between men and women than in the 1975 sample, although still

. less than one half standard, deviation (see Figure 4. 16) Clearly, the pau-

city of women in science careers is not due to a failure to develop the requi-

. site abilities prior to and during high school.

Many aspects of career development assessed in the questionnaire_ have

1

been analyzed separately for eight subpopulations of students defined by

four of the ethnic groups (black Spanish surname, Oriental and white*)

*Thr&hghout'the remainder of this report, the term "white" will be used to

stand for the phrase '"whites other than Spanish surname students.”
. N\

. . .
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and by sex. Ethnit differences in career development tended to be larger
than sex differences,'although there are a number of areas in which consis- -
tent sex effects appeared. Aﬁong the four ethnic groups, Spanish surname
and black students often jave similar patterns of responses, different from
the responses given by Orientals and whites. There were also some race by
sex interactior. eifects, notably the tendency of Spanish surname females to

have lower self-images and aspirations than Spanish surname males.

I

. The levels of Scientific Potential in different ethnic groups in the'
1975 sample are shown in Figure 4.2. Whites and Orientals had the highest
mean scores;fblacks,_Spanish surname stuaents, and other minority'members

had scores averaging more than one standard deviation below the means for

‘whites and Orientals. By and large, blacks and Spanish surname students

have failed to develop the“abilities needed fer science careers to npearly

the degree their white and Oriental peers have. While some of these abili-

ties might be developed subseqnent'te high school, there is a need for in-
.tervention prior to and during high school in order to reduce the apparent
lack of abilities for science among‘these minority members. Throughout the
remaining sections of this chapter, the many interactions of sex and ethnic
group with other scienee career development factors will be discussed in

sections on those other factors.

The data collected in 1960 as part of Project TALENT and the data col-
lected in 1975 under the curtent study paint very similar pictures of stu-
dents with high Scientific Potential. In general these students tended to
be- advantaged in that they came from families \1th fewer children living in
more expensive hous1ng, their parents had highexr levels of education, they
had more hoeks and magazines in their homes, they tended to have their own

rooms,. and more of them had their own desks and even their own typewriters.

. A variable that represents various dimensions of advantage is socioeco-
nomic status (SES). - In the Project TALENT data, SES was based on the respon-
_ses of the participants while in high school to items about: (a) value.of
hoﬁe,-(nf total. family income, (c) books in home, (d) appliances, (e) pres-
ence of TV, phonograph, etc., (f) whether the participant had'his‘or her own
room, desk, and typewriter, (g) father's}occunational leﬁel, (h). father's
“education, and (i) mother's education. A number ef studies (Terman, 1954;
74
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Figure 4.2. Digtribution of Scientific Potential for the ethnic groups
in the 1975 sample, separate by sex.

'

Lehmann and Nelson, 1960; Cooley, 1963; Harmon, 1965) have found that scien-
tists tend to have come from middle and high SES families (although the ef-
fect is mainly on the level of career rather than the field), and indeed in
the TALENT sampie there was a correlation of. .25 between SES and a later
science career for men (N=2,671) and a correlation cf .12 for women (N=2,743).

However, wé found that this relatlonship was greatly reduced when scientific

abilitles were controlled. The partial correlations between SES and a science.

_career, controlling for Scientific Potential, were only .09 for men and .04
for women! The relation between socioeconomic status of one's fanily and .-
ultimate establishment of a career in science are mediated almost entirely
through abilities that have been developed by 11th grade; given equal abil-
ities, SES bears little relation after hiéh school. The relationship between .
SES and Scientific’Potential'is_large, hcwever, with ccrrelations of %44 for
~men and .47 fot women. (See Appendix B for the comparable correlations of

other variables with Scientific Potential and science careers.,)
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~The processes that relate socioeconomic advantages to Scientific Poten-
tial are not clear. Some of the effect is probably due to having more space
and materials to work with as well as easy access to a wider range of infor--

mation sources. Some of the effect is also due to'a more academically ori-

‘ented environment resulting from the parents' higher level of education.

Closely related to the intellectual climate is the greater educational expec-
tat;oné of parents and social peers among advantagéd students. Unfortunately,
the economic and intellectual factors are confounded to the point that it is
not possible to obtain accurate estimates 6f the relative cont bHutions of

each from these data. However, parents can undoubtedly influence their

~children's Scientific Potential by being sensitive to their children's needs

for space, materials, and‘information sources and by maintaining strong ex-
pectations for their children'svlevel of educational achievement.' Cooley
(1963)~found_that parental expectations had a'stronger relatioﬁéhiﬁ to cri-
terion group membership (prbspeétive spientists, college nonscience, noncol-
lege technical, or nonéollege nontechnical) than did'father's educétionJ
mother's education, or father's . occupation. Other studieﬁ (e.g., Claudy,

Gross, and Strause, 1974) have found that, even after controlling for SES,

) - there is a clear relationship between family size and éhildren's general aca-

demic aptitude.. Over the past few years, Zajonc (1975; Tarvis, 1976) has
beeq developing.an explicit theory of why younger children in a family and
large families in general tend to score lower on ;ntelligence tests. In our
analyses of the TALENT data, we found the number 6f Sibiings to be inVersély
related to Scientific Potential {(-.24 for males [N=2,540] and -.20 for fe-
males [N=2,611]), less so to science vs. nonscience occupationgli years

after high school (—;15 and -.05, respectivély), and to have a low partial
correlation with science vs. nonscience occupation controlling for Scientific
Potential (-.06 and -.02); these data indicate that, the relation of haying
more siblings to notzenteriné a science career is mediated to a great ex—
Eent'by Jlower abilities. Having fewer childfen maycbe one way in which par-
qnts-;re able to provide more resources and attention to those they do have.
However, we canﬁét“rqle out the possibility that parents with higher abili-
ties tend to have few;r}children and also tend to:éasslaléng hiéher abilities

to their children genetically.

Father's occupation and mother's education are background characteris-

tics that showed strong relations to science cgreer‘plans; Studentstwitha

5
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fathers in science were much more likely to plan science careers for them-
selves; unfortunately, there were too few students with mothers in science
to determine the magnitude of that relationship. The amount of the-mother's
education was crucial, however, especially whether or nof she attended af
least a year of college: Ionly 10% of the students whose mother did not com—
plete high school and 17% of those whose mothers had graduated only from
high school were planning a science career, while of those whose mothers had
at least some college, 29% were planning to enter science. The relation

of students' science vs. nonscience career plans to the amount of father's
education was similar to that of mother's education, with the largest increase
being between the chlldren of high school graduates and those who had some.
college education, but the magnitude of the relation was smaller than for
mother's education, qualifying as a moderate relation. Figure 4.3 displays
the relationship between motner's and father's education.and the science ca-
reer plans of male and female high school students. Of the students whose
parents did not attend college, similar proportions of the males and females
had science career plans; however, males whose parents attended college were
more likely to have science career plans than comparable females. It would
bL interesting to know the mechanisms by which even a year or two of college

is translated into large changes in the career plans of the next generation.

- For example, is it the expanded horizons of the parents in terms of possible

careers, their increased aspirations, the increased abilities of their chil-
dreu, or some other factor that is primarily responsible for the greater

orientaticn of their children toward science? .

Because fhere were large differences in mean level of parents’ educa-
tion between the ethnic groups, the relationship between parents' education
and science career plans raises the question of whether ethnic differences
in Scientific Potential and science career: plans were primarily mediated by
fhe education of the parents. Figures: 4.4 and 4.5 display mean Scientific
Potential as a function of ethnic group membership and mother's and;father s
education (for cells containing 20 or more students). As can be seen, even
after eontrolling for parents' education there were large differences in
science abilities among the ethnic groups. For example,‘consldering only
students whose fathers had graduated from high school but had:not attended

college, ‘mean Scientific Potential was 49 for whites, 44 for Spanish surname

students, and 40 for blacks (Figure 4.5). There is less difference between

C . 63 ' o
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Figure 4.3. Relation between parent's educational level and science
career plans of high school students in 1975. a

these means than for the entire ethnic-gfoups, but there is still almost

one standard deviation between whites and blacks.

,Fiéures 4.6 and 4{7,vwhich display the percent of students with science.
career plans as a function of ethnic group membership and mother's and father's
.education, present a different picture:’ When controlling‘for parents edu~
N cat;on, as high a'percentage of Spanish surname students are planning science
careefs as of white students, while still far fewer black students have sci-

ence career plans.

Some previous work.has indicated that in many ways a little cbllege
education is no better than no EOl;ege education. Yen and McLaughlinl(1§7§2:
found that when SES and academic aptitude_were contrdlled the salaries of -
college dropouts were similar to the salaries,of'those‘who never attended
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Figure 4.4, Scientific Potential as a functi&n of 'ethnic group and
mother's education, 1975 (only cells. containing 20 or more
students).

college, and that among whites job satisfaction ‘was lower fon college drop- . -
outs. than for high school graduates. It would not be surprising, however,

to find that in other aspects of their quality of life individuals who ‘have
‘completed a year or two of college are benefited by the experience, our re-
sults on the relation between parents' education and children s career plans

indicate that the college experience may have as much effect on the next gen-—

eration as on the present one.

Religion e}hibited a strong relation to science career pians, with Cath-
BN

olies and atheists in our 1975 sample least likely to be 1nterested in sci-
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Figure 4.5. Scientific Potential as a function of ethnic group and
father's education, 1975 (only cells containing 20 or
. more students). '

ence and Jews most'likely. Previous studies (Davis; 1964, 1965) have not
found that Catholics avoid the sciences relative to Protestants and Hﬁve in-
dicated that the differences between Protestants and Catholics in terms of
the scientific field chosen are not easily summarized. Religion and ethnic
group mepbership are confounded, since Spanish surname studengs are a;m§st
all Caéholics; sinée,Spanish surname students were OQersampled, the Catholics

in our sample were not representative of Catholics in the nation as a whole.

*  The type of community in which students lived showed a moderate rela-

tion to the probabilify‘ofﬂscience career plans. The eleven schools that

participated in this project in 1975 were selected to represent inner city,
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Figure 4.6. Percent science carear plans 'as a function of ethnic group
and mother's education, 1975 (only cells containing.,20 or
more students). ' g '

outer'city, suburban, and rural communitites. (See Appendix A for details .
on the school seleétion process.) Students living in outer citylor-subur-
ban coﬁmunities were ﬁore than twice as likely to have science career plans
as students from inner city or rural schools. Although-this effect‘is con-
founded with the distribution of ethnic groups over the four kinds of commu-
nities, the difference between communiGies is still present when oqu the
white students are considered; the-ruralaéommunitiesl which had the lowest .

proportion of science career plans, are predominantly white.

The number of siblings displayed a moderate relation to career plans in

the 1975 sample, a'weak relation in the Project TALENT sample. As the number
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Figure 4.7.

of brothers and sisters 1ncreased from 0-3 to 4-7 to more than 7, the propor-
tion planning on a science career decreased. The number of 31b11ngs was | ¢
related to other variables that help account for this effect: abilities in
general and Sc1ent1f1c Potential in partficular decreased as the number of
siblings 1ncrea%ed and blacks and Spanish surname students, who were less
11kely to be plannlng a career in science, had far more brothers and sisters

than did whites and Orientals. SES has often been found to have a negative

relation to the number of children in families (e.g., Claudy, Gross, and .

Strause, 1974). ' . .
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4.3 Activities, Interests, and Valués

At the. same time that students are developing their abilities for scir-

N
ence and are beginning to. plan their’ careers, they are also beginning td en— -

~ \\

=gage in soc1al act1v1t1es, they are developlng diverse special 1nteresrs,

and. they are formlng values for themselves.” An understanding of the act1v1ty,

. .‘\

\

.1nterest, ‘and value correlates .of science career development will aid guidance

counselors to- help students choose careere "that match their personalities.

lbounselois must be cautlous, however, -because the causal effects underlylng

observed correlations are not clear. A student with high Scientific Poten—

tial may, because of that fact, aave a ‘particular 1nterest, or .the develop-

ment of thh Sc1ent1f1c Potential may be in part. the result of that interest;

or both the Scientific Potenti:? and the interest may be results of gome third

1 '
" The results of thece varlables are presented here ma1nly to bu1ld the
p1cture of-the science-oriented students in our samples and thus to provide
a background for the consideration of the effects of career guidance factors
on science career development In both the 1960 sample and the 1975 sample,.
students with- hlgh Sc1ent1f1c Potentlal tended to be aciive in 1ntellectually
oriented social act1v1t1es ‘while being somewhat ‘less advanced .in other areas
;ofnsocial deuelopment3 Based on Project TALENT data, high Sciéntific Pocten-’
tial students were more involved in school organizations, tended 't be leaders
in subject-related school clubs, and attended more concercs and lectures. |

On the other hand, the males. with hlgh Scientific Potential tended to be less

ﬁinvolved w1th—cars and motorcycles and learned to dr1ve at a later, age than

\
‘other males. Students of both sexes _with hlgh Scnentiflc Potentla > scores

- had fewer, dates and tended not to go steadv or learn social dancing at an

P

early age. .- » o . f: S

The soc1al act1v1t1es, hobbles, and other leisure activ1t1es of students
w1th high Sc1enc1f1c Potential r=2flected a serious, . academically or1ented
att1tude and a m1n1mun of "nonsc ent1f1c activ1t1es. The males in part1cular

tended to be 1nteresred ,in collections (stamps, butterfly, coins, etc ) and

ﬂmodel planes‘but not in metal work wood work, or auto-;epalr. ‘Both, males

o

and females read,morelbooks,vbut far feyer love stciics or movie magazines.

L2y
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Some of t'ix; more impuctant variables for predicting which females wonld
later enter a sr lence field were concerned with extracurrleular reaing. Un-

like males, «FHQlES who would have a science occupatlon 12 years later were

) particular‘y characterized by the fact that they tended to read a lot of

science nonfiction, political and hlstorlcal books, nnd biographies. They

also tended to have many magazine subscriptions at home, and it does not ap-

N

pear to be imp- - ~nt wha. the topics of the magazines were..

Turning the results from the data collected in 1975, most vari-
ables in this cuiLegory displayed only weak or moderate relations to science

career plans. The variable that did display:a strong effect das not unex-

pected: the number of part-time jobs held by the student that were science

related.

When students were asked to listvtheir hobbies, .the-total number listed

by a student showed a moderate relation to science career plans. Generally,

’stud@nts who llsted more hobbies were more likely to be 1nterested in sci-

ence. The hobbies listed were subsequentiy categorlzed as science related
I

or mnot, ‘but there were too few science hobgies mentioned for analysis.

3 . , . K N

Other variables that displayed ﬁederate relations Lo career plans were
the desirability of a part-time job in high school, age at first date, and
tt:« average number of dates per week. Students who did not’ want:-a part-time
job while in high school were more 'likely to plan on a science career. Stu-
dents who f1rst~went on a date when . they were 12 or younger were least llkely
to be 1n;erested in a science qareer, while students who first dated when
'they;dere 16 or'older or had never had 2 date were most likely to Ee:intar—‘
ested in science. ‘A similar pattern was found dith_the average number of

dates per week: those students planning on science careers tended to date

_the least. < .

) ( Averaging over all“groups,istudents of both %exes'started dating at
about the same time, .with roughly<half of each sex having-had a date before
the age of 15. 'However among females,'Orientals were unusual with -only 24%"

hav1ng had a date before the age of. 15 and 28%: hav1ng never had a date (vs.

.13A over all_females). Among males, whltes and Orlentals were late to start

dating and were more likely never to have had a date. The modal age of the
) ) o . . ) '
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first date was 13 or 14 for all groups except Oriental females; for whom it

was 15.

The modal number of dates per week was 1, although 1 out of 5 high
" school students had'3 or more dates per week. Orientals dated the least,
with half never having dates; blacks dated the most, with 30% having 3 or

more dates per week.
\

One othhe major areas of the behavior of scientists that has been _
stucied is introversion-extraversion, with scientists conSistently being
found to be asocial and introverts. Cooley (1963) used a number of different
personality measures in a 5-year overlapping longitudinal study of the career
development of potential scientists from the ages of 11 to 26. " He concluded
that ﬁlthough these other studies have shown that scientists tend to be
introverted, tl..s longitudinal study indicates that introverts become scien-
tists. A previous alternative explanation was that scientists 8imply appear
introverted by the naturz of their work" (p. 111). Cooley (1966) found
scores on Project TAL%NT}S Sociability scale in. 9th grade to be inversely
related to having science or technical career»plans-one year after expected -
date .of high school graduation. This apparent introver31on on the part of
students who later become scientists may-:be anreflection of their early
fchoice of "things" in the ' people—things’ dichotomy described by Cooley and
Lohnes (1968) 0s an important determinant in science career davelopment.

. : . o .
Finally, there was a moderate tendency for students who wanted to make

the world a better place in which to Iive to be interested in science careers.
On the other hand, students' responses'to the question of whether they pre-
ferred. to be known as a person with good, new ideas or ‘a personuwho gets

things done displayed little or no relation to career plans, although stu-

dents who chose the first alterantive tended to hav. higher Scientific Poten-

tial scores.

4, 4 High School Courses and Achievement

Based on the PrOJect TALENT data, students with high Scientific Poten-—
tial showed a broad range of other academic abilities. They were nearly all
enrolled in college preparatory'programs, had taken more foreign language

9

courses as weil as math and science courses, and routinely received good .

85.
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gradgsa They did neot have trouble with reading,'expfessed.themselves well,
and they had seldom been absent from school for any reason. N

Holding abilities constant, TALENT males who ended up in scirnce were
charactgrized by very good study habits and attitudes in and out of the class~
room and by high grades given their abilities. These males were academically
oriented, they were interésted in their courses, and thev could be described
as overachievers. (These attributes-did not so clearly differentiate females
who entered science careers from females who did not.) Males who had a sci-
ence occupation 12 years later tended to take more foreign language courses
and math courses in high school than would be predicted by their abilitiés;
they were more interested in physical science, math, and biological scieﬁce
than weculd be expected by.their knowledge and skills in these areas; and

they tended neither to hold part-time jobs while in high school nor to have

extensive after-school chores.

TALENT females who ended up in science cended ictive in academ—
ically oriented school clubs. Although like nales tn ccok more foreign
language courses than would be predtcted from their abilities, chey did not
take more math or science courses; Eiduson (1973) has indicated that scien-
tific interests in females initially develop later than in males, during the
high school or college yéars, thefeby having l~ss z:ffect ca the number of
science and.mqth courses taken in high school, and vz have found that the
Project TALENT women who did estabiich science careers weie largely in the
"softer" sciences that require less mathematical trainiug. FemalJes who es-
taélished science careers tended tc r _eive higher grades in szience courses
than would be expectéd on the basis o- their é;?antific Po.envial scores,
but not in the rest of their courses. Thes. fqmalusﬁsiJwed mors: interest
in physical science and math than veic female pears, tut rot more interest
in biological science; biology was a field thrat irnterested most high school

females, whether or not they were plannivg on a sciencc career tor themselves.

For students in the 1975 sample, the number of semesters of science,
foreign language, and math courses taken were a'l crongly relatad to cci-
ence career plans- in the expected direction, as wetre the number of additionél

M r 3 . ! r
science courses planned in high school. The number of business couises taken

displayed a moderate negative relation to science career plans. Grades in
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all types of courses, science and nonscience, showed strong relatior~ t- ca-

reer plans.

Table.4.2 displays the percentage of studénts who had taken 5 ~r .,re
semesters of various sybjects and the mean number of -additional se-- ers
of science planned. Males had taken moré science and vocational courses,

. while females_had taken more business courses. In science, whites had taken
the most courses and blacks and. Spanish surname students had taken the fewest.
Orientals blanned to take the most science during the remaiﬁder of high échool,
and Spanish'éurname students planned to take the fewest ad@itional'science
courses. Males tended to take more math courses than females; Orientals and
whites took more math than blacks and Spanish surname students. Blécks had

taken the fewest foreign language courses.

Table 4.2

Percentage of Students Having Taken 5 or More Semesters
of Various Subjects and Mean Number of Additional
Semesters of Science Planned, Based on the 1975 Sample

Percentage of Students Having Taken 5 or More Seﬁeéters"

: Spanish L
Bias % : Oriental Surname White

Subject F A F- M O F M . F M
Science 0z , 3% 7% 16% 57 "10% 162 24%

. (3.2)% (1.5)  (2.1) (3.4)  (i.2) (1.6) ° (2.0) (2.1)
Math - 28%.  21% 33% 46%  21% 3% 33%.  45%
Languages 4% 5% 172 20% 102 12% 19%  12%
Social Studies 23% 19% 24% 28% % 32% 41% 45%
English - 45% - 31% a7% s 41 43% 552 58%
Business. 132 13% 20% 8% 187 11% 112 5%
Vocational 64 13 3% 8 6% 15% sz 162

(4

aquberS in carentheses are the mean number of additional semesters of science
planned by all the students in each subgroup.
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In Section 4.2 it wa: reported that black ‘and Spanish surname students
had much lower Scientific Jutential scores than whites and Orientals. One
could/read too much into this finding and assume that the ability dlsparlty
had occurred entirely before high school and that high school science pro-
.gram; could have only limited beneficial effects on the underrepreéented
minorities. Tt should be remembered that the Scientific Potential index is
based in part on knowledge and abilities in mathematics and the sciences.
Black and Spanish surname students received lower scores partially because
. they c¢'.ose to take fewer math and sc1ence courses; 1: they had become inter-
ested in science early in high school and had taken as many math and science
ceursesias the white and Oriental stndents,“they would certainly have re-
—ceived-higher Seientific Potential scores than they did, regardless of their
general abilities upon entering high school. 1In the Project TA".=NT Jata,
tHe correlation between the number of science courses taken and Scientific
Potential was .48 for males and .20 for females, and the comparable correla-

tions for the number of math courses taken were .63 and .62 (see Table B-1).

Of the students who "took variOUS'subjects, the'percentages who reported
grades that were mostly A's are displayed in Table 4.3. There was an overall
tendency for females to report rece1v1ng hlgher grades, even 1n math and sci-
ence. The sex effect was largest in foreign languages and English. Orientals
reported receiving the highest grades in almost all cases. Only among white
and Oriental males were science grades as high.asbﬁnglish erades. Sex ef-
fects in the differences between science and English grac- w:.e gicatest
among whites and Orlentals., In interpreting~these res:les %t gh._ld he re-

membered that the grade scale is highly dependent o~ tr o osoacvl,

Several of the schcols in this study had primarily eithét a black or a
Spaaish surname enrol.aent. ' It would not have been surprising, therefore, if
some mbdest school effect on science career'plans had been evident. since
ethnlt group membershlp was moderately related ro science career plans. How-
ever, the school artended displayed a strong relation to career p'.n7¢, out-
stripping the ethnic group effect and cutting across the ethnic comy..sitions
of the schools. ¢ In three of the schools less than 12% of the participante
had science career plans, while in two other schools over 33% had science
career plans. ' The schools with the lowest science interest consisted of one

predominantly'whlte rural school and two predominantly Spanish surname inner
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Table 4.3

Percentage of Students Reporting Mostly A's in Various
Subjects, Based on the 1975 Sample

Percentage of Students Reporting Mostly A's

Spanish
Black Oriental Surname White
Subject F M F M F M F M
Science 2% 19% 52%  48% 20% 15%  30% 31%
Math 247 21% 40% 32% 247 20% 287% 30%
‘Languages 17%  14% 67% 50% 39% 28% 447  28%
Social Studies 25% 20% 647 467 247 247 47% 387
English 32%  23% 60%Z 40% 27% 20% 48% 317
Business 33% 15% 55% 54% 28% 18% 51% 53%
Vocational 37%  23% 35%Z 63Z 36% 262' 53%  46%
All courses 20% 14% 41% 42% 207 18 27%  25%

city schools; the schools with the highest science interest were both predom-
inantly white, one in a smaller city community and one in a suburbar comﬁunity.
The information we have concerning these schools, their student bolivs, and
the st rounding communities does not completely account for the siz of the

differences in science career plans.

4.5 Career Guidance Activities

Whét do students view as uéefulﬁcareer guidance activities, and what do
they view as important informational‘goals of career guidénce? This question
approaches the heart of the present effort. If it turns out that students
with science career plans are more awére'qf career planning-an& more exposed
to career guidance, then this suggests that efforts be focused on éuidance »
as a mechanism for facilitating science career develoﬁment. It is espeﬁially
important to find out whether the relations between carecr guidance activities

and science career-plans are sources of ethnic and sex imbalance in the sci-
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When the 1975 sample of students was asked how helpful each of i4 career
_guidance activities would be in thinkiﬁg about and finding out about jobs,
.”'the activities that students with scienqﬁ career plans indica;ed would be
most useful were (1) summer or after-school employment to get job experience,
(2) touring plants and businesses, (3) taking tests to find out about one's
‘abilities, interests, and pérsonality, and (4) listening to guest speakers
describeztheif jobs. The activities that science students noted as least
useful were (l)kplaying classroom or computer games'to find cut about job in-
terests, (2) reading about leaders in different fields; (3) talking with
teachers about jobs, and (4) looking up government reports on'job opportuni-
ties. Females rated most activities to be more useful than males did, espec-
ial%y acquiring job experience, attending career guidance classes, and group '
discussions. - We do not know how much women's interests in career guidance
activities have changed in recent years; however, it ié quite possible‘that.
the high awareness of ‘the usefulness 6f these activities by female high school
students is r.artially the product of the women's liberation movemeﬁt. Blagks
and'Spanish sufname students were more interested than’ot er studenrts in
movies about jobs, career gu .ince classes, group discussions, and reading
boéks about lea&ers in different fields, and leés interested iﬁ listening to
' guest speakers, touring businesses, and job ekperience. Figﬁfe 4.8 displays
the ratiﬁgs of the usefulness of the career guidance activities by students
with science and with nongcience career plans. Tucre is a ¢lose correspon-

dence between the ratings of the two groups.

~ When asked what:kinds of career guidance knowledge were most important,

students with science career plans most frequently indicated (1) knowing

how to set goals and"plan for the future, (2) knowing where to get job train-

ing, and (3) knowing the requirements for different jobs. The knowiedge
. least frequently rated as very imﬁortant was how careers can be grouped and
which careers are related to one another. The lack of concern for this kind ’
of information indicates that the students were probabl§ planning on specific
occupations rather than exploring the possibilities in familiee of related
careers T: * ~ ° <tvhey might be interesteq. " Women thought that nowing about
job requirements and being aware of jon avaiiabiiity were more important

than men did. Spanish surnasic students tvided to rate the value of most ca-
reer guidance knowledge lower than did other students, and in particular they
thought i% was léss important to know how to set goals, whéré tJ“get training,
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Reports on job opportunities

Listening to guest speakers
Extracurricular activities

Job experience
Touring businesses
Reading about jobs
Career education
School counselors
Movies about jobs
Group discussions
Talﬁing with teachers
Reading about leaders
Games about jobs

Taking tests

Very usefﬁi

Somewhat ugeful

Y

@®—~—@ Students with science career plans

¢ O--+-0 Students with ncnscience ,career plans

Use lesy
CAREER GUIDANCE ACTIVITLES v

Figure 4.3. Mean ratings of the usefulness of various career guidance
: activities, separace for students with science and non-
science career plans, based on the 1975 data.

how to check up on the working conditions, and what agilities and interests

match with what jobs.‘ Figure 4.9 displays the importance ratings of various
© kinds of career guidance kndwledgé by students with science and with nonsci-

ence career plans. As with the usefulness of career guidance activities

(Figure 4.8), there .is a close correspondence between the ratings of the two

groups.

S;u&ents indicated that they thought the best way to“find.out about a
job was through talking to'people, especially those on the job, énd through”
prior job experience. When asked what career guidance source had had the
most influence on them, however, 28% indic:*ed parents or other relgtives,l
17% said that they had not received any Help from other people, and only 13%
ihdicated people on the job, observation of workers, or job experiences.
Almost no one mentioned career.guidance classes or guidance counselors in

the high school.

Unfortunately, many of the a;tivifies that students thought -would be

useful are not well suited to conveying information about science careers.

. . | 7 ‘ .
RIC- . .81 o

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

lated careers).

b
i ] y
3 ] n -
o - - -l
el ‘é b ]
ot . i 3 0
S S = L o S - o
I o - - w Y o
< w— & ) ~ R ]
~ v = o - Lal'. - 7]
- o ~ -
53 oD ] ) o ] )
- c e ' c U —
u o - v £ o I 0 [ [
— — - v £ 3 =] - 1
3 il 0] " e L " - .
50X oz 0§ 8 i & -
- - - °
< b < o - o o
- g = o - ] >
c v 1 G v o - n, P o @
k] £, . £ @\ o = @ £ - -
N - L
o ] = P <] c C] a. - = o
c - g = “ 2 o o ] K F
- -
P @ - P M “ o v - - 3
3 3 2 H S 5 3 3 s 3
ond o 2
<} & o 3 < U 1 L] 5 > <]
: = = - £l i ~ S = a < =
Very i{mportant
8

Somewhat {mportant

@—@ Students with sclen ¢ career plans

Q----0 students with nor.science career plans

Not ilmportant W
CAREER GUIDANCE KNOWLEDGE

Figure 4.9. Mean ratings of the importance of various kiuds of caveer
-guic ance knowledge, separate for students with science and
nonscience carcer plans, based on the 1975 data.

f

Summer and after-school employmeﬁt, touring plants and businesses, and know-
ing where to get job training are less applicable teo science careers than to
nonscience careers, while some of the activities th-t were underrated are
more suited to long-term career:planning such as is required in science ca-
reer development (for example, reading about leaders in diffefent fields,

talking with teachers and career counselors, and exploring familjes of re-

The amount of school time students reported spending iﬁ»each of several

career guidance activities was related to planning a science career: stu-

dents who spent more time in the activity were a; likely or more likely to
expeét to have a 'science éccupation at age 30. Since the relation was almost.
always in the same direction, there was also an overall relation between ca- -
reer guidance and career plans when averaged over all activities: students.
who spent more total time in all careé? guidance activities combined were

more likely to be interested in science. The particular activities that

92
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most strongly displayed the relationship were (1) reading about different
jobs, (2) visiting jobs they were interested in, (3) ;alking to teachers
about jobs they were interested in, (4) talking about what jobs they would
like, and (5) listening to guest speakers from different jobs. ’

!

What we do not know yet is the causal‘relationship (if any) between ca-
reer guidance activities and science career plans.  Are students wHo are in-
terested in science more concerned about or conscious of career planning,
and therefore do they engage in more career guidance activities? Or\do ca-
reer guidance activities expose students to career choices that they had not
previously considered, and does this in turn cause more students to plan on
establishing science careers? Or is it merely the case that career guidance
and science interest are both related to common sets of antecedent variables,
so that they tend to be correlated but neither affects the other? It would |
be highly informative to have the results of a study of th= effects on sci-
ence career plans'directly attributable to high school career guidance courses.
An appropriate instrument could asseés not only how students' knowledge about
science careers changes while taking a career guidance course, but also which

information influenced students to change their career plans toward or away

from science.

4.6 Self-Perceptions and Perceptions of Careers

The development of rational career plans is depen&ent upon accurate
knowledge of oneself and oflthe work world. If some groups of students are
consistently misinformed about their ability levels, or if they have distorted
stereotypes of scientists, these groups of students are likely to make career
plans that 4- not make best use of their Scientific Potential. In order to
investigate these possibilities, students in the 1975 sample were askéd to
estimate various aspects of several careers, including expected income, edu- .
cation needed, and the abilities, interests, and values of people‘in the ca-
reers. They were also asked to estimate theit 0wﬂ ability, interest, and
value profiles relative to their peers and the profiles of people in the '
career they expected.to have. From these profiles we can  infer not oniy the, -
" relative levels of accuracy of self-perceptions and percéﬁtioﬁs of ca. cers,
but also differences in;the stereotypes of'careers as a function of sex,

ethnic group.membership, and whether the individual planned a career in sci-
5
ence. ' : ' 93
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The results for income expected and education required are shown in
Table 4.4 for five occupations, sales clerk, chemist, business manager, com-—

' el
puter operator, and truck driver, as well as for the students' planned occu-
. | P

pation. Of the occupations, the scientific occupation, '"chemist,'" was seen

~as most lucrative but also requiring the highest level of education. There

were 1afger distortions in the perceptions of other occupations than of chem-
ists. Sales clerks' and computer operators' income and education were over-
estimated; business managers' and truck drivers' incomes were underestimated
while their education was overestimated. Financial and educational expecta-
tions for one's own planned occupation tended to be higher than one's view
of typical occupations. Although it dées not appear that these students
were gréatly underestimating income from science or overestimating education
needed for science, they do appear to, have underestimated the variation of
income and education over occupations. Males generally predicted higher in-
comes than did females. Of some importance, Orientals and whites tended to
view these five occupations as being more different from each othcr both in
salary lévels:and in educational requirements than did blacks and Spanish
surname students. The whites and Orientals made more accurate ratings of
required education; none of the ~thnic groups was especially accurate in

estimating expected income. Moreover, blacks tended to see less relation

.between education and income across occupations than did others.

\ Turning to the abilities and interests of individuals pursuing various
égngers, a similarity measure based onlprofile comparisons was computed and
is p}esented in Table 4.5. The similarity measure between two estimated
profiie; was based on a comparison of all 15 dimensions of the profiles

(see Appendix D, Questiohs 49 and 59-52); the similarity measure betﬁeen an
estimated profile and an actual proiiie was based on the first 9 dimensions,
as these are the ounly éimensions for which we have tested data. The actual
profiles of salespersons, computer operators, and chemists are based on the
resﬁlts of Project TAIFNT test scores published in Rossi} Brr+lett, Campbell,
Wiée, and McLaughlin (1975). The similarity measure was defin=d s~ that a
value of 0 would correspond to a complete mismatch and a value of 40 would
correspond to a perfect match. A difference of 10 poinis was defired to re-

flect an average deviation of one interval on the profiles draw: in the

questionnaire. 94
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Table 4.4

Mean Scale Values of Expected Income and Education
Required in Five Occupations and One's Expected Occupation

(a) Expected ‘Income ' (b) Required Education
Scale : Scale
Value Label Value Label
a 1: <$7,000 1 grade school
2: $7,000-$10, 000 2: high school
3: $10,000-$15,000 3: 2-year college
o b $15,000-$25,000 4: 4~year college
" 5: >$25,000 5 graduate school
Total Spanish
-Occupation Population Fema@es Males Blacks Surname Whites Orientals
(a) Expected Income |
Sales clerk 2.0'(0.9) 1.8 2.1 2.1 2.0 2.0 1.8
Chemist 3.6 (0.8) 3.6 3.6 3.4 3.5 3.6 3.8
Business manager 3.3 (0.9) 3.2 3.4 3.0 3.1 3.4 3.2
Computer operator 3.1 (1.0) 3.0 3.3 2.8 3.0 3.2 3.1
Truck driver 2.9 (1.1) 2.8 3.0 3.1 2.9 2.9 2.8
Job-at-30 3.5 (1.1) 3.3 3.8 3.4 3.2 3.7 3.6
(b) Required E:iucation
Sales clerk 2.4 (0.8) 2.3 2.5 2.6 2.6 2.3 2.3
Chemist + 4.4 (0.7) 4.4 4.3 4.3 14,2 4.4 - 4.6
Business manager 3.5 (0.8) 3.5 3.5 3.5 3.3 3.5 3.4 !
Computer operator 3.5 (0.8) 3.5 3.5 3.5 3.4, 3.5 3.5
Truck driver 2.2 (0.9) . 2.2 2.2 2.6 2.5 2.0 2.1
Job-at-30 3.8 (1.0) 3.9 3.8 3.7 3.5 4.0 4.1

35tandard -deviations are- in parentheses.

A

Overall, individuals most accurately estimated chemists' profiles (30.5)

.and least accurately estimated the salespersons' profiles (26.4). Signifi-

cantly, their self-estimates most closely matched their expected occupations '
at age 36 (32.9). That is, students, especially whites and Orientals;, believed
that they did have abilities and interests like the people in the occupations
they planned to have at age 30. Thus, misinformation on thefe-dimensidns,

either in a student's self-estimate or 3n his or her estimate of variouds ca-

‘reers, could be expected to have serious imglicatioﬁs for career planning.

Those planning a science career were somewhat more accurate than others, and
they clearly saw themselves as similar to chemists and different from sales-
persons more than others; their career*blans were certainly related to their

81 ; s
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perceptions of the match between their own profiles and the profiles of those
in careers. The only noticeable difference between the sexes was that fe-

malzas saw themselves as somewhat less like chemlsts than did males. This -

'type of difference is a poss1ble source for continuing underrepresentatiov .

of women in the physical sciences.

The most striking result in Table 4.5 is that overall students tended
to see themselves ‘as most similar to sales personnel of the three occupations,
but this was partly because they were most mistaken in their perceptions of
the :ttributes of sales personnel. The similarity of estimated self-profiles
and estimated sales profiles yas especially true of students not planning
science careers and of the minori*ies underrepresented in science (blacks and

Spanish surname.students) We do not know what causal relation, if any, there

is between misinformation on careers and the proportion of science career plans

in various groups; however, there is clearly more misinformation among the
underrepreésented minorities, and\tpey do rate themselves as most similar to
the nonscience careers. On the basis of these results it would seem to be
reasonable -to recommend that greater ‘efforts at oareer guidance be expended
for black and Spanish surname students, including more careful use of diag-
nostic tests of abilities and intere: s ‘and feedback of how the student com-

pares to the general population.

Comparisons of estimates- of self-profiles with actual indivioual pro-—
files show the same effects: those planning\science careers tended to be’
more accurate than others (27.4 vs. 25.8); theke were no differences between
the sexes; and the underrepresented minorities\bbre significantly less accu-
rate than others-(24.4 vs. 26.9). lhe ability to estimate one's own abili-
ties and interests relative to one's peers is itsel related to the general
Scientific Potential index (Table 4.6, Column 1). This suggests that the in-
accuracies of profile estimation may not be due merely\to unavailability of
test scores but also to lack of developed abilities to observe anq evaluate,
needed for science as well as for self-perception. Thus, €Qe abilities in-
volved in self-estimation may be similar to the abilities involved in the
Scientific Potential function; and 1nterventions aimed at improyving the de-
velopment of thesw« .abilities may 1ncrease both Scientific Potential and the
ability to generate the information necessary for rational career »lezaning.

The alternative axtifactual‘explanation, that everybody tends to estimaii
97 |
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him/herself as being 1+ke indiyiquals with high Scientific Potential, is not
supported because there 8T€ algg positiVe corre lations of Scientific Poten-
tial with the 8Ccuryey of eStimates of the profiles of chemists, computer

operators, and SalegyorkerS.

ComparisOf of tpe vaTious peans Of espimation accuracy in Table 4.6
sheds iight o One of the Project's objectives: to find out whether stu-
dents with carEér,plans not mat.ping their gcientific Potential are charac-
terized by distorteq imageS of cyreers and themselves. Among students with
high Scientific Potenfials those planning science careers had significantly
more accurate Self-egtimateS thap thoSe not planning science careers. Thus,
it méy be in the érea of Self~perceptionAthat increases in student. knowledge
have the effeC? of ihcreaSing science Career planning. In terms of the accu-
racy of perceptlong ,f peoPle i, careers, there was no significant effect

between student$ wjiy scielCe apg nonsCience career planms.

Among studentg with 19% Scjentific Potential, there was no significant
relation betweel ac,racy °f estimation and planning of a-Science career.
This refytes the hypothesis that gtudents with low Scientific Potential may
have planned O0 Scippce c2Teers pecause of distortions of their perceptions
of their own PTOfileg or Of thoge Qf individuals in careers. In both sets
of comparisonsSs any jpterPfetatigon of the results must take into account _
that individuals wiﬁh sciefCe career ﬁ;ans had significantly higher Scien-
tific Potential Scores thaD thoge with nonscience career plans (sée the bot-

tom row of Table 4.6). TheSe yggylts are tentative at best.

" The preceding profile Simjjaprity Tesults are based on a single summary
measure for éaCh profile—Pair. 1t is 9f interest to determine which scaleé
contribute most to tpe discrépancies, and ip what direction. In Figure 4.10,
the mean estimdted ,.ofile$ for three Occupations and the actual profiles
corresponding t° some scal®S of the estimated profiles are presented. Computer
-Operatdrs were Vieyeq as being perween SalegworkefsS and chemists on most
dimensions. 7The dipepsions of greatest variation of estimates between occu-
pations were iftereg, in SC¢lence and knowledge in Science. Chemists were
rated highest O0 alj gimenSlions gycept interest in office work, interest in
helpiﬁg peoples and aesii‘e to work with friendly people. These students'

seemed to be aWaTre ¢ the iNtroyerted and asocial tendency of scientists.
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85 .
- ‘-“ r‘
N




Very Much Very Much

Be low Belmi Above Above
{a) Estimated Profiles Average Average  Average Average Average
Reading Comprehension Ll . - |
Vocabulary Sales @
Creativity Computer operator Q
. Chemist [J
Mathematical Ability
Knowledgn in $cience
Interest in Science
‘lnterest in Work with Tocls
Interest in Office Work
Interest’ in Helping People 1 1 .l
Responsibility ¥ 1 1
Independence
Desire for ?restlge
Desire for Good Income
Desire for Challange
Desire to Work with g 1 i

Friendly People
(b) Actual Profiles

{Reading Comprehension
.-Vocabulary

Creacivity

Hnthematical Abilicy

Knowledge inm Science

Interest in Science

Interest in Work with Tools
\
Interest in Office Work

- .
. - Interest in Helping People, 1

Figure 4.10. (a) Comparison of estimated profiles of three occupations,
based on the 1975 sample. (b) Comparison of actual profiles
- based on Project TALENT. :

&

The comparison of estimated and. sctual profiles-shows glaring'needs fior more

information. -

Students generally tended to underestimate the abilities of chemists
and to overestimate chemists' levels of interest in areas other than science.
Estimated profiles ‘'of chemists by males and females were virtually identical,
but there were large and consistent differences among the profiles estimated.

by the four ethnic groups,'.In particular, the underrepresented minorities
- |

86 -

ERIC - - . - . 100

Aruitoxt provided by Eic:



Very Mﬁch Very Much

Below Below Above Above
Average Average Average Average Average
Rending Comprehension L |
Vocabulary Oriental O
Creativity White @
Black B

Mathematical Ability
Spanish surname (J

Knowledge in Science

Interest in'Science

Interest in Work with Tools

Interest in Office Hork‘

Interest in Helping People

e 1 4

Ly
Responsibility L | |
Independence'’

Desire for Prestige
Desire for Good Income

Desire for Challenge

Desire to Work with 1 ' .
Friendly People

Figure 4.11. Comparison of the estimated profi]es of chemists by ethnic
: group, based on the 1975 sample.

estimated that chemists had lower abilities than did whites and Orientals,
especially ability'in mathematics and knowledge of'science, and blacks and
Spanish surname $tudents estimated a lower ihterest in science for chemiets
(see Figure 4.11). As a result, there were no significant diffgrences among
the ethnic groups in the similarity of their self-images to their images of
chemists, but Spanish surname and black students were'significantly less

accurate in their estimations of chemists (see Table 4.5).

_ In Figure 4.12, we have presented the mean self—profile and the mean
profile for jobs expected at age 30. Logically, the mean of students' esti-
mated self-profiles should lie along the midline if estimates were veridical.
We see, however, that individuals tended to see themselves as "above average"
on-all scales excepf-interest in working with teols, interest in office work,
interest in science; and kﬂowledge in science. The discrepanc& between the.
two profiles indicates the perceived need to develop one's abilities and
interests in order to compete in the career of one's choice. Finally, com-—

parison of the shape of these profiles with those in Figure 4.4 indicates
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Very Much Very ‘Much

Below Below Above Above
Average Average Average Average Average
Reading Comprehension ~T Y F’ R |
Vocabulary [5
(Zreativﬁy Self-estimate B 'O
\ : Job at 30 cstimate (O J

Mathemat tcal Ability

g

Knowledge in Sclence
Interest in Sclence
Interest in Work with Tools
Intercst n Office Work

Interest in Helping People

Responsibility . T T
tndependence

Des:ve for Prestlge

Desire for Good Income

vesire for Challenge

Desire to Work with
Frisadly Pueople [] 1

‘Figure 4.12. Estimates of self-profiles and estimates of profiles of
’ persons in the occupation expected at age 30, based on the
1975 sample.

that most students saw themselves as more like their estimates of salesworkers

i N\
than of chemists.

Comparison of the mean profiles of males and females (Figure 4. 13) sup-

" ports the summary result stated previously: males saw themselves as more’

similar to chemists than females did. Female students saw themselves as less
interested in tools, as more interested in helping people, and as somewhat

less interested in and hnowledgeéﬁle about science, than male students did.

Comparlson of the mean profiles for the four ethnic groups (Figure 4. 14)
is more complex. -Whites and Orientals had very 81m11ar seli-images, and
their images were similar to images of chemists. Blacks and Spanish surname
students were together characterized by reporting less science interest and
knowledge and more i terest in office work and in helping people. For this
sample, it.did not appear that blacks could have been avoiding science be--

cause they uhderestimst d their overall ability levels; however, Spanish
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Very Much . Very Much
Below Below . Above Above
Average Averege Average Average Average
Reading Comprehension Ll L | |
[}
Vucabulary )
. Females O
Creativicy Males W
Mathematical Ability . p
’ Knowledge iu Science D‘

\ Interest in Science
Intercst in Work with Tools .
lnterest in Office Work

',
e,

Interest in Help;ng People 1 1 “D 1
Responsiblity | | ] |
lndependenée )
Desire for Prestige
Desire for Good Income
Desire for Challenge
Desire to Work with 1 1 1

Friendly People

Figure 4.13. Comparison of self-estimares of females and males

1975 sample.

Very Much Very Much
Below Below . Above Above
Average Average Average Average Average
Reading Comprehension T 1 | |
‘Oriental @ '
Vocabulary
white O
Creativity Black I
Mathematical Ability Spanish surname (J
Knowledge in Science
- Interest in Science
Interest in Work with Toole
Interest in Office Work ‘
P
I.nterest in Elelplng eople 1 1 1
Responsibility T ] ¥
Independence
Desire for Prestigé
Desire for Good Income
Desire for Challenge
Desire to Work with 1 o 1 'R

Friendly People

Figure 4.14. Comparison of self-estimétes of four
1975 sample. : . 103
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surname students did generally rate their abilities as lower than other eth-

nic groups did.

To summarize the results of this set of analyses, although students had
some knowledge of themselves and careers, there were several distinct defic-
iencies that may be related to pursuit of careers in science. There were
very few differences between the sexes; however, the underrepresented minor-
ities were significantly less accurate than others in their estimates of
their own profiles and of the profileé of people in selected occupations.

These inaccuracies are certainly not conducive to healthy career development.

The career development of women is highly dependent on how men and
women in our society estimate the abilities of women relative:to the abili-
ties of men, especially concerning the kinds of jobs women could perform.
The high school students in the 1975 sample were asked whether women could
do the same kind of work as men; 11% of the females and 25% of the males
responded that not very often or never could a woman do tﬁe same kind of
work as a man. These responses were most fréquent among the black and Span-
ish surname students: 22% of the black females, 247 of the Spanish surname
fémaleé, 28% of the black maleé, and 42% of the Spanish surname.males re-

sponded "not very often' or "never.'" It is clearly a responsibility of our

~society, and especially the educational system, to inform all young people

e .

that the vast majority of jobs could be performed by either sex.

.7 Plans for Postsecondary Education -

College attendance is a crucial step on the path toward a science ca-
reer. It is the step that is uppermost in the minds of high school students
as they begin to look beyond their currenttsetting. It is also the tangible
outcome of tne career guidance and the career knowledge that lead a student

to plan for a science career. For these reasons, plans for postsecondary

education were included in this study.

" The Project TALENT déta indicated that the éduqﬁﬁional plans of students
w1£h ‘high Scientlfic Potentlal were much more ambitious than those of their

peers. In the first place they were planring more frequently to go on to
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college immediately after high school, and generally to a more expensive
four-year school. Their stated reason for going to college was because it
was necessary for their planned career, and not because their friends were
going; for the'social life, or for establishing business contacts. Very few

olanned to go to vocational or business school or to enter a military career.

The perceppion of the importance of a college education by students
with high Scientific Potential was demonstrated by the fact that they had
been saving money primarily for college and would h;ve been willing to bor-
row money in large amounts, even at high rates of interest, if it had been
needed to go to college.’ To &« certain degree, howeve'-, this may have merely
reflected a different view of money by stuéénts from . «lthier families.
These students generally expected to pay for their education with méney grom
parents or scholarships rather than through loans or pant—ﬁime work. Fe-
males_were hore likely to enter a science career if'Fhey_had discussed their
college plans with théir teachers and counselogs. Females interested in sci-
ence careers tended more than o&hér females to believe girls should go to

college because more trained women are needed in this country.

Overall, 94% of the students in the 1975 sample planned to graduate .
from high school. Only £5% of the Spanish surname students planned to grad-
uate; however, this was largely because many:of them'did,ﬁot know whether
they wouid be able to graduate, not because they had already decided not to
graduate. Most students indicated that they wanted to graduate from high
school either because the diploma is needed for jobs (24%) or because they
wanted to go to college (447%); only 337 of blacES-and:35% of Spanish sﬁrname'

students gave the latter reason. '

While only 20% of the students were planning to pursue a ca .er that we
have classified as science, 277 of the students were planning to be science
majors in college and'anpther 5% planned to learn a science trade at a voca-
tioﬁal school. Blacks and Spanish surname students less frequently planned |,
on having a science major iﬁ'college'(l3% for both groups); 35% of the Orien-
tals and whites were planning on a college science major. Whites were the
least likely to consider preparing for a science career by studying science
at a vocational school, while black womeﬁ were the most likely to consider

‘a science program at a vocational school (14%).
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Among whites and Orientals, males werec more likely than femaies to ex-
pect to go to a four-year college and less likely to expect to go to a com-
munity college. When the two types of colleges were combined, there was ro
overall sex effect: 74% of the males and 77% of the females expected to go

to college. Spanish surname students were the least likely to have college

plans (63%).

Students were asked what was the highest educational degree they ex-—
pected to receive. The results are displayed in Table 4.7. The largest
effect is that Spanish surname feﬁales were less likely to expect to earn
a B.A. or higher (oniy 33%), and far more of them were planning to stop
their education after high school (43%), than was true of any other group.

" On the other hand, a higher proportion (29%) of Spanish surname males were
expecting a Ph.D., M.D., Ed.D., or J.D. than any other group; given their
ability scores (the mean Sclentific Potential for Spanish surname males was
almost a standard deviation below the mean for all males), many of these
expectations may not be realistic. Across ethnic groups there was a ten-

dency for males not to consider a terminal A.A. degree as frequently as the

females did.

Table 4.7

Percentage of Students Expecting to Terminate Their Education
After Earning Various Degrees, Based on the 1975 Sample

\

Per&entage of Students Expecting
fhis as Highest Depgree

Spanish
Black Oriental Surname White
Degree Planned F M F M F M F M
High school _ 122 18% 192 9% 43% 23% . 11% 13%
AA. 19%  11% 4% 4% 12% 5% 122 6%
B.A. h 122 8%-  26% 4% 12% \13% 132 11%
M.A., M.S. 25%  24% 26%  35% 7% 13% 22%  26%
Ph.D., M.D., Ed.D., J.D.  23% 24% 19% . 26% 147~ 29% 25% 26%
. \\ .

B.A. or higher - 60% 56% 71%  65% 332 55% '\\602 - 63%

. \

SN\

aRequire-;‘: by our definition of "science" in the analysis of the Project
TALENT data (see Section 3.1). \

Note. Percentages do not add to 100 since some students responded\gother.'
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There were strong reiationshlps between educational plans and science
career plans. When asked wﬁy they wanted to graduate from high school, very
few of the students who answered that they needed the diploma were thinking
in terms of a later science occupation, while one-~third of the students who
mentioned college entrance requirements were planning careers in science.
Similarly, few (6%).0f the students who expected to attend a community col-
lege were science oriented, while one-third of the students who expected to °

attend a four-year college were planning to prepare for science careers.

Those interested in science careers, however, were not planning to stop
their education after college. Eight percent of the students who expected
that their highest degree would be a B.A. were planning on a science career,
while one-quarter of those aiming for a terminal master's and half of those
aiming for a Ph.D. expected to be employed in science. Similar resulfs were
found when each student was asked what the minimum required educatibn was
for the occupation he or she expected to have at age 30--two-year college,

four-year college, or graduate school.

What proportion of the potentia% science resources of this country are
lost because talented high school students decide not to attend college, and
what are the characteristics of able students who decide to terminate their
eduéation early? 1In order to answer these questions, we selected for closer
study those students who had Scientific Potential scores higher than the mean
score for students of their sex with science career plans (55.7 for females
and 59.0 for males). . In this sample of students with abilities typical of
scientists, students who were planning to attend a community college without
continuing on to a 4-year college or who were not planning to attend any col-

- lege were compared with the remainder.

Of the 501 females with scores on the Scientific Potential index, 157,
or 31%, had scores as high as the mean of females with science career plans;
of these 157 females with science abilities, 147, or 94%, were planning to
. attend college. In addition, 5 of the 10 who did not plan to attend a 4-year
college gave conflicting responses indicating that they expected éducational
degrees beyond the A.A., although they were not planning to go to college;
only 5 seemed definite about not trying to earn.a B.A. It is informative

to know that only 3%-6% of the talented females were not planning to go be-

yond a community college. 107
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Of the 458 males with scores on the Scientific Potential index
347, had scores as high as the meun of males with science carcer pl
these 155 males with science abilities, only four were planning not
college. One of these four students gave conflicting responses ind:
that he planned to earn a terminal B.A. Therefore, like the female:

all of the talented males were planning to go through four years of

In the next section, the characteristics of students with high
tific Potential scores who would not consider working in any science
pation are examined. As might be expected, more students fall into

category.

4.8 Career Plans and Expectations

In the Project TALENT data, the variable mést c¢losely relaced t
ing a science career was the expression of a science career plau in
school. Whether or not a high school student planned to enter a sci
reer had a zero-order correlation of .33 with being in a science occ
12" years later for men, and a correlation of .23 for women.‘:After I
ing out Scientific Potential, the correlation was .21 for meﬁ and .2
women. There are two important findings that follow from these data
the rasulting partial correlations were very large relative to compa
partial correlations in this‘study, and for women there was only a s
duction of the correlation when controlling for Scientific Potential

cating that career plans did not merely reflect ability. Plans to w

a scientific field did influence a student's chances of achieving a

career independently of his or her abilities.

Sezondly, while the correlation between career plans and later
was .33 for men and .23 for women, the correlation between Scientifi
tial and later cayeérs was .41 for men and only .18 for women. The
tion of variance in science-nonscience careers of women accounted fo
abilities was less than the proportion of variance accounted for by
plans, while for men the proportion of variance in careers accounted
abilities was decidedly more than the proportion accounted for by ca

plans. Abilities were more predictive of which men entered science

were high school plans; however, so few women attempted a science ca
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that the plan to do so was more;predictive of a career in science than were

e

abilities.

The relationship between science career plans and a later science career
was not strong, however, especially for’females. Only 12% of the males and
6% of thelfemales who were planning a science career while in 11lth grade’
actually persisted in their'plans; the rest were all in nonscience occupa-
tions 12 years later, if they were employed at all. Or looking at the
situation from the other end, while 71% of the men in science careers had
had science career plans in high school, fewer than half of the women had
planned to be employed in’science; most of the QQ—year—old women in science

in 1972 had had nonscience career plans in high school in 1960.

N

Tables 4.8 and 4.9 list the percentages of TALENT males and females in
_science occupations as a function of their career plans in high school in
1960. Cdreer plan was assessed by a 36-option multiple choice item. The
science and the nonscience career plans have been ordered according to the .
,Proportion of persdns later in-science careers. ’ Males who planned to be
physical scientists were most likely to persist in science,. and nales-whow
planned to be sociologists or psychologists were least likely to persist’ in:
science; for females, thebhighest:retention rate was for those planning to
be mathematicians, and the lowest‘retention rate'was for those planning to
be.political scientists,'economists, and dentists. A male with a: nonscience

-

career plan was most llkely to switch into science -if he planned to be a
“medlcal or dental technlcian, while a femalé was most likely to switch into-
science if she planned to be a lawyer in high school. The important infer—,
ences to be made from these results are that certain stated career plans
"appear to be much more: compatible with later pursuit of a-science career’
than others for individuals of equal-Scientific Potential. This compatibil-
ity is probably related to the types of college experiences (e.g., majors)

that are partially the consequences of the career plana.

Changes in science career plans between 1960 and‘1975.. In 1960, 18%' '///

of the 1lth graders had plans to establish their careerS‘in scientific fields.
In the data we have collected 15 Years later,'ZOZ of the students. were plan-
ning science careers. Since the 1,142 students tested in 1975 were neither

a very large sample'nor were they intended to be prcportionally representa-
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Table 4.8

Percentage of Males iﬁ'Science Occupations as a Function of Career Plans
in High School, Based on Project TALENT Sample

S Percentage in
Mean : Weighted Science Careers

Career Plan ) Scientific Potential N 12 Years lLater
. Science Career Plans
Physical Scientist 64.5 26,600 24.1%
Physician ' ©57:7 22,400 15.0%
Biologist 56.3 - 12,700 15.0%
Political Scientist/Economist 60.7 . 3, 300 12.1%
Engineer ' 57.1 140,100 C11.4%
Pharmacist 53.9 ' 11,100 9.0%
Dentist : : 53.4 18,000 : 6.7%
Mathematician 62.4 ~ 10,000 6.0%
Sociologist or Psycholo°1st 52.1 5,000 2.9%
Total (Science Plans) 57.6 249,200 12.4%
Nonscience Career Plans’
Medical/Dental Technician 55.2 2,500 " 28.0%
High School Teacher . 55.4 36,200 6.9%°
Elementary Teacher 50.0 » 2,700 6.0%
Accountant , 51.4 - 29,500 5.4%
Armed Forces Offlcer 51.8 ‘ 39,100 4.3%
Pilot 52.3 © - 16,100 4.37%
Lawyer ' , 55.4 24,700 4.0% .
Professor ‘ : 62.6 : 2,400 3.7%
Engineering/Scientific Aide 51.9 10,500 - 2.9%
Writer . . 59.6 3,100 . 2.0%
Some Other Occupatlon : 50.0 105,200 : .2.0%
Forester T 49.8 - 23,100 1.7%
Cleric, Religious Worker 55.0 13,700 - 0.9%
e Crafts Worker - . 47.7 . 11,200 0.9%
Farmer " 46.3 ' 30,800 0.7%
Business Executive or- Prnprietor 52.6 : : 41,800 0.6%
Skilled Trades Worker . 48.5 44,400 0.5%
Social Worker ‘ “43.9 7,000 . 0.5%
Police Officer/Fire Fighter . 48.3 12,400 0.3%
Salesworker 48,2 8,000 0.3%
Artist _ 55.1 18,000 0.1%
Enlisted Armed Forces . 48.4 . 23,900 0.1%
Nurse ' 53.8 2,300 -
Construction Worker 48.4 14,300 -
Homemaker 46.1 1,900 s -
Barber/Beautician 44,3 5,700 -
Secretary 43.6 3,900 -
Total (Nonscience Plans) - 50.8 531,400 2.3%
"~ Total (Science and Nonscience Plans) 52.7 780, 600 5.5%
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Table 4.9

Percentage of Females in Science Occupations as a Function of Career Plans
in High School, Based on Project TALENT Sample

Percentage in

. lean Weighted Science Careers
Career Plan Scientific Potential N 12 Years Later
"Science Career Plans Y
Mathematician . T 614 6,000 12. 6%
Sociologist/Psychologist . 55.7 8,200 8.7%
Physical Scientist 56.2 6,400 4.17%
Physician ’ 57.1° 5,600 3.4%
-Engineer : 57.8 3,300 2.5%
Biologist . ) 55.5 6,000 2.2%
Pharmacist 50.5 4,300 1.5%
Political Scientist/Economist 51.5 2,700 0.9%
Dentist 54.0 1,800 -
Total (Science Plans) 56.2 44,300 5.5%
Nonscience Career Plans -,
Lawyer B 53.0 5,100 11.7%
High School Teacher , 54.4 60,600 S 3.3%
Writer 56.6 4,400 0.9%
Medical/Dental Technician 51.6 17,100 0.9% .
Nurse - 49.7 -89, 300 .27
Elementary Teacher : 52.3 63,100 -
Social Worker ’ 48.0 15,400 N3
Artist 52.8 28,800 0.1%
Some Other Occupatlon 47.7 73,900 0.1%
Accountant , . 46.2 20,000 0.1%
Secretary 45.8 205,500 <0.1%
Homemaker . 45.7 ¢ ©106.900 <0.1% .
Cleric, Religious Worker 50.7 4,200 i—
Forester e ‘ 50.5 1,200 -
Business Executive or Proprietor . 49.7 1,100 ‘ --
Engineering/Scientific Aide C - 48.6 800 --
Police Officer/Fire Fighter 48.2 200 -
Pilot : , 47.7 3,800 -
Professor . . 45.9 1,700 -
Salesworker o . 45.7 3,100 . L -
Armed Forces Officer ' 44.9 . 4,900 --
Enlisted Armed Forces 44..0 . 800 ) -
Farmer ) 43.8 1,300 -
Barber/Beautician : 42.5 40,000 - -
Construction Worker g 39.9 500 ‘ -
Skilled Trades Worker o . 38.6 600 -
Total (Noﬁscience_Plans) o 48.3 754,300 0.5%
Total (Science and Nonscience Plans) 48.7 798,600 " 0:.8%
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tive of the entire country, this small difference cannot be construed as

indicating a change in young people's interest in entering science.

When cureer plans were analyzed separately by sex, however, a dramatic

change was apparent. More than 3 times as many female high school students

‘were planning careers in science in 1975 as were in 1960! Of the 11th grade

Project TALENT participants, 32% of the males and 5% of the females had .had
-science career pianshin high school. In contrast, 24% of the males and 17%
of the females had science career plans in the 1975 sample. Interest among
the males had decreased by'one quarter, but the increased interest among
females had entirely made up the diffefence' Furthermore, two- thirds of the
females .n the 1975 cample were plarnning "a full—time career (other than !
‘housewife) whether or not I get married," and of these career-oriented fe-

"males 217% were planning to Enter science.

_An impcrtant question }s whether the reteantion rate of those who per-
sist in their sciénce carder plans will be lower for females than for males
(the retention rate was not as high for females in the “1960 Project TALENT
sample) The females with science career plans in the 1975 sample had a
mean\Sclentlflc Potential score that was a th1rd of a standard deviation
below the mean for males with science career plans;.-this difference in
Sc1ent1f1c,Potent1al between the sexes was greater among those with science
career plans-than among those with nonscience career'plans. The'difference
in scores betneen the sexes may be due to the lack of nurturance of scien- -
tific abilities among young women in odr'society, and as a result women's
moderately high scores may»indiéate latent abilities equivalent'to those of
male students who score ver§ high. If today's high school females follow
through with their intentions, we will see major changes in the male—female

ratio of the entrants to many science fields in a decade.

There are indications already, in fact, that women are entering’science
programs in greater‘nuhbers tlan ever before. Parrish. (1975) has found that
the enrollment of women in professional schools increased significantly in
1973-74 and that the increase has accelerated since 1960. -Womenﬁmade;up A7
of the total enrollment in dentistry programs in 1960\\in 1974 they were 7%
of the total enrollmept'and 11% of the first year stude\ts In engineering,

_women have increased from 1/ of the students in 1960 to 6/\of the first year
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students ip 1974- Women Wer€ 6% of the Medical students in 1960 and 187 in
1974. ' In veteribary _.qicin®, wonen were 4% of all students in 1960 and 21%
in 1974. 1f thiS trepq continueg, eventually the proportion of full-time

employed women who are in science occupdtiong will be as high as the corre-=

sponding proportion of men.

The high schooy studentS in the 1975 sample were asked which aspects of
jobs they anticiPateq j5 being important for their future*jop satisfaction.
The aspects seell @S pogt iMPOTtant were that the'job be'worthwhile,and chal-~
lenging, invelveé Steagy work angd good incqme, be with friendly‘tg—workers,
and allow the_emPlOYees to see the results of their work. Students\interested
in science occup@tiong tended to indicate'ihat it was important to them that
the work be challenging and éive them a Chance to use their abilities, and -
unimportant that the job be €asy apgd allow them to retire in 20 years. Thé
only sex differefNCes y.re ON 3Spectg perceived as the least important——early
‘retirement and the difpjculty of the jobs men considered retirement in 20
years and an easY Jjob to be More 1mportant than women did. All the mlnorléy
groups consldered 8ooq incoM® to pe more important than did the Whlte stu-
dents, probably beCause the mlnority students had eXperienced more financial
difficulties. REtiring in 20 yearg and haViﬁg short hours and an easy job
were mdfe'important to blacks and gspanish surname students than to whites.

It was most impoTtant to Oorientalg and least important to blacks that the

' work be worthwhile.

It appears thag not onlY are the abilities and interests of black and
Spanish surpame high school Students poorly syited to science careers, but
‘also their reward Stiyctures dP not match the ysual rewards in science. Re-
tiring in 20 yeaTS apg having Sbort=hour$ and an eaéy job 'are not common
attributes of science careerS: whije the aspect that was rated lower by
blacks than by 2%.other grOQP, that the Work pe wdfthwhile, is one of the )
more’impoftant rewards of science_ In order to draﬁ greater numbers of un-

?derrepresented minorities into scjepce, it may be necessary to develop their

appreciation of the rewards intfinsic to Scienptific activities;

Ethnic and S®X djfferences in g ecializations Within sclence career

Qians. Some fields gf gcience atpracted approximately equal numbers of male

and female high SChogy gtudents ip the 1975 sample;, but other fields of
. o v
science were still Strongly Preferred by One sgex.
99
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 The biological sciences: (biologist, microbiologist, agricultural scien-
tist, and specialist in conservation) attracted 13% of the females and 15%
of the males planning careers in science. The medical fields (surgeon, M.D.
general practitioner, psychiatrist, dentist, and veterinarian) were also
equally favored by both sexes, with 52% of the females with science career
plans and 47% of" the males. On the other hand, the various engineering
fields (civil, electrical, mechanical, chemical,.and unclassified engineers)
were primarily chosen by males (21% vs. 3% of the females),_while the social
sciences (psychologist and sociologist) were primarily chosen by females
(15% vs. ‘3% of the males). The particular occupations listed above were

the only occupations in each area mentioned by the students, other occupa—

ied in each group were not chosen by any students.

7

tions that would be class

=

y
Although the proportions of male and female high school s dents who
had science career plans w . ‘ .
ago, a large ethnic effect still remained. In 1975, 147 of the blackslesz
.of the Spanish surname jtudents, 237% offthe'whites, and 29% of the Orientals

e much more similar than they had veen 15 years

-

had science.career plans.

Figure 4 15 displays the proportion of those planning science careers

in each ethnic group who were oriented toward the physical and mathematical

sciences, engineering, medicine, bioiogical sciences, social sciences, or

\\\some-other field of science. (If this figure'had been plotted as the pro-

portion of each entire ethnic group, the size of the bars for ‘blacks and
Spanishgsurname students would bexroughly half their present size relative
to the si2e of the bars for. whites and Orientals') Nine-tenths of the sci-
. ence career plans fell into one of the five primary groups of science occu-
pations. Blacks chose engineering more frequently than any other group;
Spanish surname students chose ‘medicine the most frequently, Orientals and
whites chose medicine,‘theﬂbiological sciences, the social sciences, and -
engineering in descending order;of preference. Few of the students named

a career in the physical and mathematical sciences.

Career plans of students with higthcientific Potential. Table 4.10

lists all.the science career plans chosenkby\2 or more students in the 1975
sample in descending order of mean Scientific Potential. The mean Scientific

Potential for students with science career -plans uas\almost one standaird devi-
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'Figure 4.15. Percentages of science careerlplans in various fields of
science, separate by ethnic .group, based on the 1975 sample.

ation a»ove the population mean. Life sciences dominate the list; The pop—t
ular science career plans among students with especially high scores were
biologist, psychologist, and M.D. general practitioner. The popular science
' career plans among students with low scores were unspecified engineers and

~veterinarian.

4 N

o All nonscience\career plans chosen by 10 or more students are listed
in fabie 4.11 in descending order of mean Scientific Potential. Only four
career plans had mean scores higher rhan the population mean: computer pro-

A

‘grammer,?lawyer, unspecified teaching, andrgccouhtant;
‘ 3]
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Table 4.10

Mean Scientific Potential for All Science Career Plans with
Ns of 2 or More for the 1975 Sample, Both Sexes Combined

Scientific Potential ‘Occupation | ' N
64.5 Surgeon - ) : | 2
63.0 . Microbiologist 2
62.3. Biologist : ' ’ 16
60.4 Electrical Engineer . ‘ B 8
59.0 High School Math Teacher o 2
58.9 PsycHéIbgist o 14
58.7 ‘ MD General Practitioner ' 45
58.6 ~ Scientist (unspecified)

58.0 ‘ Dietitian
57.9 Dentist ' ' 13
57.5 MEAN SCIENTIFIC POTENTIAL FOR STUDENTS WITH SCIENCE CAREER PLANS
57.1 - _ Architect ) 9
56.1 . . Psychiaicrist 7
54,3 - Pharmacist . 4
53.3 Agricdltural Scientist ‘ 3
'v53f3 ‘ " Engineer (unsﬁecifieds : ' ' 10
51.0° Mathematician ‘ 2
50.8 _Veterinarian . : 15
49.8 MEAN SCIENTIFIC POTENTIAL FOR ENTIRE POPULATION
46.7 ) " Specialist in Conservation o ' 3

What proportion of the potential science resources of this country are
lost becéuge talentgd'high school students decide that they are definitely
‘not interested im science careers and would not cdnsider any science occupa-
tions for tﬁemselves? What.aretfhe characterigtics of able students who have
rejected all science oEcupa;ions? In order to answer these questions,\we
studied separately those students who had Scientific Potential scores higher
than thé mean score for students of their sex with sciencé career plans.

In this sampie of studeﬁts with abilities tfpical of scientists, students
without science'céreer plaﬁs who responded that they did not want go.work in

any science-related job were compared with the remainder.
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Table 4.11

Mean Scientific Potential for All Nonscience Career Plans wifh Ns
of 10 or More for the 1975 Sample, Both Sexes Combined

Scientific Potential Occupation . N
58.0 : Computer Programmer 13
57.5 MEAN SCIENTIFIC POTENTIAL FOR STUDENTS WITH SCIENCE CAREER PLANS
54.0 Lawyer ‘ 43
53.8 _ Teaching (unspecified) _ 26
51.5 Accountant 11
'49.8 MEAN SCIENTIFIC POTENTIAL FOR ENTIRE POPULATION
49.4 Farm Owner - 14
48.9 Forest Ranger 17
48.6 Housewife ' 26
48.0 Graduate Nurse (RN) ‘ 26
46.3 Clothing and Fashion Trades ' 10
46.2 .Pollce 18
44,6 - Secretary B ' : 30
44.0 Medical or Dental Technician 11
43.6 ' Social Work E _ 16

0f the 157 females with Scientifichotential scoree'as high as the mean

of females with science career plans, 18, or 11%, would not want any écience
.job in spite'of a mean Scientific Potential score of 62.0. Compared to fe-
mal-s with high science ab111t1es who had not rejected science, these students
were more likely to be white and to have parents who were college graduates.
However, their fathers were less likely to have a science occupatlon These
females were especially likely to be plannlng to be housewives, either work—
ing only until marriage or never holding a job; they tended to believe that

. science careers delay marriage. They had taken fewer science courses in
high school than the comparison grdupdand planned to take fewer addieional
science courses in high school. They tended to receive lower gredes in all
their courses except business.le.g., typing; bookkeeping, Shoéthaﬁd) and
foreign 1anguages: The high. school courses . that they though; would be'moet
impo;tant to them in the future were more likely ‘to be English or psychology
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apd less likely to be general science. As would be expected, these high
ébility females who had rejected science careers for themselves were less
often planning to take sciencé courses after high school, and they were more
1ikely to expect to terminate their formal education with an A.A., B.A., Ed.D.,
cr J.D. degree‘and less likely to expect an M.S. or M.D. Finally, when asked
which characteristics of jobs they considered to be important, they tended to
rate friepdly co-workers ;nd short hours as being more important than did the
coﬁpariSon group of high ability females who would consider a science career;
seeing the end results of their work and performing challenging and worth-

while work was less important to them.

Of the 155 males with Sciéﬁfific Potential scores as high as the mean
of males with science career plans, 24, or 157, would not consider any sci-
ence job in spite of a mean Scientific Potential score of 62.6. 'When com-
- pared to the remainder of the high ability males, they were les; likéiy to.
be Oriental, and their fathers were likely to have entered college but to
have not completed it and Qgre less likely to have science occupétions{“
These students were moré likely either to agfee with the statement thaf prepQ
araﬁion for a science career would cause them to delay marriége too -long, or
to re§pond'that they did not know;ﬂ They had taken fewer science coufses in
" high schbol'and Qere planning'to take fewer add&tiohal science courses; they
had taken more foreign. language, social studies, English, and business courses
than héd the comparison group of high ability males. They tended to receive
lower grades in all courses. The high school éoufses that they thought would
be most important to them in the future were more likely to be history, Eng-
lish, or physical education and less likely to be general écience. As would
be expected, these high ability males who had ;ejected science careersifdr
themselves were less likely to plan to take science courses after high school,
aﬁdafhey'were more likely to expect to terminate their formal edugation with
a BuA;, M.A., or J.D., anqwless'likely with an M.S. or M.D. When asked which -
characteristics of jobs théy considered to be important, they tended to rate
.having a good income as being less important and,,unexpectedly, doing worth-

while work as being more important than did the comparison group.

Summarizing these results over the two sexes, the students with high
_Séientific Potential who had rejected science were usually white with well-
educated parents. Their fathers were unlikely to have science occupations,
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indicating that a lack of role models may be one reason students do not go
into science. In spite of being able to score well on the tests administered
as part of this pfoject, they tended to report lower grades in most or all

of their courses; these students showed evidence of being underachievers.
Finally, there were not as man?rof these students as one might have expected;
seven out of every eight students with highlScientific Potential scores had
at least not rejected the idea of a science cafeer for themselves, even if

science was not at the top of their current lists.

Comparisons between expected job at 20, at 30, and ideal job. When

asked what job they expected to have at age 20, 4% of the females and 5% of

‘the males named science occupations. There were even nine students who ex-

pected to have an M.D. by then! These expecfations were all unrealistic,
whether because the students misestimated how old they would be when they
finished their educations, because théy did not realize the educdtional re-
quiréments-oflyhe occupations, or because théy were.not answering the ques-
tion seriously. None of the ethnic groups was more prone than,the others

to having unrealistic expectations of a science occupation at the age of 20.

At first‘glance, these data would seem to iﬁdicate that few students ~
were misestiméting the length of ‘time required to prepafe for various ca--
reers; however, 917% of the students egpecting a science job at age 20 also
had science career plans for age 30,,and”£herefore 20% of the students with
science caree;'plans beligyed they wduid be scientists. at' age 20. When both
fhe science aﬁd nonSciencerobg plénnedyfop age 20 are considered together;
8% require at least a B.A. for certification (ipcluding plans to be scien-

tists, engineers, physicians, lawyers, veterinarians, and college professors),

~while many more of the job plans would be very difficult to achieve without

a college education. Without more information about each studént's immediate
training and job plans, Wé have not tried to classify allljob plans for age
20 as being reasonable or unreasonable, but clearly a sizable minority of
high school students:need additional information ‘about the prepafaiion and

requirements for various careers.

We have already examined the jobs expected at age 30, as this is what
we have been referring to as career plans. But how were the expected careers

different from the careers that the students would most like to have, their

9 .
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ideal careers? If it were found that many individuals considered science as
an ideal career but did not expect to attain a science career, this would
indicate that a general fear of failure is an important deterrent of science

career development.

Black and white students were slighfly more apt to name science occupa-
tibns as their ideal jobs than as their expected jobs, and Spanish surname
students were slightly less likely to name science occupations as their ideal
jobs. The largest différence, however, was found with Orientals. The Ori-
entals had the highest perceﬁtage expecting a science occupation at age 30
.(29%); when‘asked Qhat job they would most like to have, 45%, nearly half,

named science occupations!

We noted earlier that in our 1975 saﬁple almost as many women as men
- expected to have established a science career at age 30, 17% vs. 247, respec--
tively. When asked for their ideal occupations, the gap between the sexes
closed even more,‘with 20% of the females and 22% of the males naming a sci-

ence occupation.

The total préportioq of students naming science occupations was virtu-
ally unchanged between e#pected occupation and ideal occupation; however,
there waS'sbme shifting between the various fields of science. Only half
as many students named a field of engineering as théiriideal job, while a

fifth more named a biological science as their ideal jub.
e}

Certainty of career plans. In addition to what their career plans were,

the students in the 1275.sample were‘éskedvhow certain they were of them.

* The tendency was for black and Spanish surname students to be the most cer-
‘tain of their plans, with fewer of them considering the possibility that
some other career might beftér suit their abilities and interests. Among
females, black and Spanish surname females were the most sure of their ca-
reer plans. and Oriental females were the least sure. Black males expressed
more certainty than any other group of males. No overal; sex effect was evi-

dent; males and females were equally certain of their plans.

. Students in high school who are certain of their career plans are not
necessarily at an advantage relative to their peers. Students at thiS'aée

should be explofing the possibility of a number of &ifferént‘caregrs, broad-
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ening their horizons with respect to future jdb opportunities, and learning
about the variety of their own interests and abilities. Students with sure
career plans may not benefit from future career guidance experiences as
much as students who are still trying to decide what they would most iike
to do. Or conversely, -after being exposed to career information, the stu-
dents who remain eertain that a single occupation is the only right one for
them may be displaying evidence that they did not benefit from the experi-

ences.

4.9 Occupations at Age 29

i

Figure 4.16 displays the means and standard deviations of Scientific
Potential_as a function of career plans and later oecupation, sepafate by
sex, from the Project TALENT sample. In 1960, "females scored less than one-
half standard deviation below males. (In the 1975 sample, the difference
was only about.one—quarter standard deviation.) Unlike the 1975 data, in
the TALENT sample this difference in mean Scientific Potential scores was .
reduced between males and females with sciénce career plans, but the differ—

.. ence in scienee abilities was even larger between malesland females who
established careers in science. The groups with the Highest,mean Scientific
Potential were, of course, the males and females who‘planned to have science
‘careers and succeeded in doing so. For males, those in science jobs who had
nonseience career plans in high school tended to have higher scores than
those who had science career plans but ended up in nonscience occupations;
the relatlonship was reversed for females (however, these results for fe-

males are based on very small ‘'subpopulations).

' Science careers. While 5.5% of the Project TALENT 11th grade males had
science occupations in 1972, only 0.8% of the 11th grade females eptered

science careers. The sex effect is not limited to the total number of indi-

viduals in science but is as striking when one looks at the types of science. °
occupations held by men}ahd by women. If women are to be properly involved
in the technological and scientific'decisioné that affect the quality of life
in this country, they will not only need to train‘for and enter science ca-
reers in greater numbers, but they will also need to consider (and be con-

_sidered for) & greater variety of scientific fields. .
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All of the science occupations with a weighted N* of 200 or more for
11th grade males are listed in Table 4. 12, ordered by mean Scientific Poten-
tial from highest to lowest. The mean Scientific Potential scores ranged
from a high of 73.5 for M.D.s of unspecified sbecialties to a low of 55.8
for high school mth teacﬁers. The mean Scientific.Potential for males in
science occupations was 64.2, compared to the overall mean for males of 52.6.
All of the science occupations had means higher than the overall mean score

for males.

The standard deviation of Sciéntifig'Potential tended to be between 8
and 12 for various groups of participants; with an overall standard devia-
tion of 10;2 for males and 9.4 for females. The mean Scientific Potential -
score for males in science océupations wasitherefore more than one standard.'

deviation<above the mean for all males. .

Males tended to cluster into a few categories of science occupations:
.These categories contained a much lower pfqﬁbrtion of the women 'in science;;
in fact, our data from the:high school class ofg1961 indicated that yirtually
no women had chosen these male-dominated careers. The most populous group
of science careers for males was composed of the various engineefing‘occupa—
tions, with an estimated total of gbout 17,500 in the population. The second
largest category contained college science and wath teachers, with an Fstimate )
of about 8,500 in the population. The third category ‘was made up of various
kinds of M.D.s, with an estimate of about 7,000 in the population. Afphi—
tects made up the fourth largest category, with an estimated 3,500 male ar-

chitects across the country who were in 11th grade in 1960.

Females in_scrence, on the 6thef hand, were—found primarily in the social
sciences or in teaching high school math and scienée.- The population estimate
"for high school science and math . teachers, was 2,600, and the combined esti-
mate for psychologists, research assistants in psychology, gnd_miscellaneous

social scientists was 2,300 in therbopulation;

i

*The "weighted N of. a subpopulation of Project TALENT participants is the
estimated number of individuals in the continental United States who were
eligible to be included in Project TALENT and who would qualify as members
of the subpopulation. The total weighted N for 11th grade males is 959,640

and for t1th grade females is 1,007,007.
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Table 4,12

Mean Scientific Potential for All Science Occupations with Weighted Ns
of 200 or More Males, Based on PrOJect TALENT Sample

"Scientific Potential Occupation . Weighted N
73.5 MD (other and unspecified) ' 4,800
71.6 Psychiatrist ' 200
71,2 - Surgeon ' 700
70.8 Microbiologist ‘ . 500
70.5 Statistican (other, including actuary) 400
- 70,2 Physicist o . - 400
68.8 Mathematician 200
67.2" - Social Scientist (miscellaneous) 600
67.2 ' Meteorologist , : ~1,500
66.9 MD General Practitioner _ 1,400
66.6 _ Aeronautical Engineer K : 700
66.5 : Chemical Engineer ‘ 300
66.2 " Dentist 2,900
65.9 ' Chemist . . 2,100
65.8 - Geologist : Lo 200
65.0 Architect , - 3,500
64.8 . Specialist in Conservation 3 1,400
.. 64.6 L Civil Engineer ) . E 3,800
64,2 ! Pharmacist ' 1,900
64.2  MEAN SCIENTIFIC POTENTIAL FOR MALES IN SCIENCE
64.0 Mechanical Engineer - ‘3,000
63.5 College Math Teacher - 900
' 63.0 Research Assistant in Biology 200
63.0 o Electrical Engineer : 5,900
62.7 . Bilologist 700
’. 62.5 ‘Psychologist - _ 500
62.0 Veterinarian 400
61.6 . College Science Teacher’ . 2,600
60.9 Research Assistant in Psychology 900
60.8 ' Engineer (other) ' 3,700 -
59.4 High School Science Teacher 4,200
- 58.4 Psychidtric Social Worker = - , 200
N 56.4 College Social Science Teacher - 5,000
N\ 55.8 High School Math Teacher- : ‘ 3,700
\\ - 52.6 MEAN SCIENTIFIC POTENTIAL FOR ALL MALES ’

0f the 51 occupations classified as.sciengific (see Table 3.1), 33 oc-
cupations had weighted Ns (estimates of pouplation frequencies) of 200 or
‘more for males, but only 9 occupations met that criterion for females. The

mean Scientific Potential scores of women in those 9 occupations are given

-in Table 4. 13.
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Table 4.13

. Mean Scientific Potential for All-Science Occupations with Weighted Ns
of 200 or More Females, Based on Project TALENT Sample

Scientific Potential  Occupation " Weighted N
74.1 : Social Scientist (miscellaneous) 700
70.1 Statistician (other, including actuary) 400
66.5 " High School Science Teacher 1,600
64.1 . Research Assistant in Biology 200

£ 60.0 ‘Research.Assistant in Psychology ' 400
59.9 - : High School Math Teacher . 1,000
59.8  MEAN SCIENTIFIC POTENTIAL FOR/ FEMALES IN SCIENCE
57.5 s Psychiatric Sncial Worker . 200
57.2 , Dietitian : ; 900 g
49.0 Pharmacist’ ' ) . 600
48.6 MEAN SCIENTIFIC POTENTIAL FOR ALL FEMALES

Females in science had a mean Scientific Potential score of 59.8 versus
the 48. 6 mean for all females; as with the males, the.females in science
averaged a standard deviation higher in Scientific Potential than the females

not in science occupations.
N ' i : . \
Nonsciénce careers. It is a question of some import as to which non-

science occupations attract individuals with high Scientific Potential. Not
only are these high ability, nonscience occupations:competing with science
occupations_for the most able students, but these occupations also serve as
a reserve of talent for science occupations. In the event that a policy de-
cision is: made, as was true in the early 1960s,. that our country needs more
individuals with scientific training, the students training for these non-
science careers would be most likely to succeed,invséience programs. Or, of
more current interest, if a concerted effort is made to attract greater num-
hers of qualified women into science, the recruitment wili tend:to be at the

expense of the nonscience. occupations that ' ve traditionally attracted women

of high Scientific Potential.
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Table 4.14 lists the 20 nonscience occupations\that had the highest mean -
scores on Scientific_Potential among those with estimated population frequen-
cies of 2,000 or more for males in the high school class of 1961. All of
these oCcupations had mean scores higher than the overall mean for males,

and four of the occupations had mean scores on Scientific Potential that were
higher than the wmean for males in science. These top four occupations were
graduate research or teaching assistant, lawyer, computer specialist, and
unclassified college teachers. Some of the graduate assistants. and college
teachers may actually have been working in scientific fields; however, we'
received insufficient information on their specialties and therefore could
not properly classify them as having'science occupations. "Computer special—
ist'" is a label that covers a wide variety of occupations, some of which
could be considered scientific. Other occupations with high mean Scientific
Potential scores were CPA, military officer, and high school English teacher.

Lawyers comprised the largest strictly nonscience occupaticn with a
high mean Scientific Potential score. Shaycoft (1975) also found that law-
yers tended to have patterns of abilities and interests similar to scientists.
She hypothesized that "many of “the same aptitudes are importavt'in law as in
science. Lawyers. like:scientists, certainly need. superior reasoning ability
and a logical approach. Lawyers also need a high level of~verbal ability~-
but that is something that scientists,%too, find useful" (p. 5-4). For com-
parison purposes, Figures 4.17 and 4.18 contain the ability and interest

profiles of lawyers and college science teachers from Using the -TALENT

Profiles in Counseling: A Supplement to The Career Data Book (Rossi et al., |

1975). .As can be seen, lawpers tended to have lower abilities in Mechanical
Reasoning and in Visualization in Three Dlmensions, but were comparable to
the science teachers in the rest of their information and ability scores in-
cluding.the mathematical scales; the’ major d1fferences between the profiles
of lawyers and college science teachers were in their interests,‘not in their
abilities. The population frequency estimate for male lawyers was. around
10,000, roughly a fifth the size of all the science occupations combined!

if we could ever discover a way of simplifying our laws so that there would
be less need for lawyers as mediators and interpreters, we would release a
large pool of talent that could well be used elsewhere. Many of the young‘

Ipeople who are planning to become lawyers would also make fine scientists,
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Table 4.14

Mean Scientific Potential for the 20. Nonscience Occupations
With the Highest Means and With Weighted Ns of 2,000 or
: More Males, Based on Project TALENT Sample

Scientific Potential Occppatién \. : Weighted N.

" 66.9 - Graduate Research or Teaching Assistant 3,900
65.0 Lawyer . 10,100
64,7 : Computer Specialist (other) ' 2,000
64.6 » College Teacher (other and unspecified) 6,000

64.2 MEAN SCIENTIFIC POTENTIAL FOR MALES IN SCIENCE
62.5 CPA 4,300
62.5 . ~Military Officer _ 3,700
61.3 " High School English Teacher 4,300
60.8 Vocational Guidanée Counselor 4,500
59.0 Designer of Consumer Goods (except clothing) 6,500
~ 58.9 High Schooi Trade and Industrial EdrTeacher 3,800
» . 58.6 - Computér Operator or Supervisor 9,900
:;;//' 58.6 . Systems‘Anélyst B . - . 6,000
57.4 Stockbroker’ | . 4,000
57.4 Real Estate Salesma T 2,200
57.2 : “Advertising _ 2,600
57.2 Computér Programmer ' 6,500
57.0-. Appraising, Estimatin | 4,700
57.0 Maﬁufacturing Managemeht ' » 6,100
56.8 : Office Supervisor ' ' 3,000
56.7 High School Social Studieg\Teacher 3,000

52.6  MEAN SCIENTIFIC POTENTIAL FOR ALL S@\nn\s

N

It should also be remémbered that occupations wité\;oyen mean Scientific

\ls with high poten-
\

tial for success in science. Occupations with.lower mean‘scores will have
-, v

Pctential scores will nevertheless contain some individu

lower pércentages of sucﬁ individuals, however, whi}e‘nonscienée occupations
with high mean scores will be predominantly composed 6f individuals who could
have succeded in establishing careers .in science given the motivation and op-

portunity.
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' et.al., 1975) .

k4
Note. The asterisks are medians for the 767% in the occupation who reported

enjoying their work. ’

o

~

- N - 114
El{lC 3 ' - 128

Aruitoxt provided by Eic:



~TEACHER: COLLEGE SCIENCE/MATHEMATICS
(Teacher: College Science (74%). Teacher: College Mathematics (26%))
" (n = 2 per 1000)
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The 20 nonscience occupations with the highest mean Scientific Potential
scores among the female members are listed in Table 4.15. Notice that many
of the women with highest Scientific Potential were in teaching, primarily
below the college level. We discussed earlier the fact that a large prépor—
tion of.the women in science were also teaching, and agéin primarily below
the college level. There are many reasons why women tend Lo employ their
talents in teaching more than men do, including (a) a stronger orientation
towards 'people' rather than '"things" (Coole§ and Lohnes, 1968), which has
a cultural pasis, whether or not it also has a biological basis; (b) a cul-.
tural stereotypé of teachers at the lower levels as being‘women; and‘(c)usex
discrimination in the competition for many of the "higher level" occupations,
causing many women to teach for a livelihood when they would prefer to be

4doing something else.

The largest siﬁgle nonscience occupation with a high mean Scientific
Potential score for women was graduate or registered nurse (RN), with a pop-
ulation frequency estimate of 16,500. This was more than twice as mahy
women as were in all 51 science occupations combined! (The practical nurse
group [PN] also containedllargé numbers of women, but their Scie;tific Po-

tential was only average.)

If greater'numbers of qualified women are to be encouraged to establish
careers in science, it appears as though many of them will be drawn from the
ranks cf high school girls who are planning to be' teachers or nurses. There
is, however, another group of females that contains a far largér pool of pé—
tential scientists: the housewives. Almost one half of all the females in
our Project TALENT sample weré full—timevhousewiveslll years after'high
school. The mean Scientific Potential score for hoqsewiyesfwas close to
the mean for the rest of the population of females, which suggested that,

. although the majérity of housewives had not developed the abilities neces-
sary for sucéess‘in science careers; a sizable mi.sority did have the neces—l
4sary skills. Approximately 10% of the housewives had Spientific Potentiéi
scores higher than the mean for women in science, with an estimated popula-
tion frequency of about 45,000, compared to about 7,000 for all the women
in stience occupations. Another way of stating the same facts.is to;ﬁotg
that there were as many. housewives with high Séientific Potentiéi*aélgﬁéré

ARG

were women in nonscience careers with high Scientific Potential.
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Table 4.15

Mean Scientific Potential for the 20 Nonscience Occupations
With the Highest Means and With Weighted Ns of 2,000 or
More Females, Based on Project TALENT Sample -

Scientific Potential Occupation . B ' . Weighted N
63.6 High School Engliéh Teacher ‘ ’ 3,800
61.1 College Teacher (other and unspecified) < 3,200
59.8 MEAN SCIENTiFIC POTENTIAL FOR FEMALES IN SCIENCE
57.9 Personnel Administration 2,900
57.0 Student 9,400
56.8 ' High School Social Studies Teacher | 2,000
56.6 ' Teaching the Handicapped ’ 2,500
56.4 . High Scheool Teacher (other and unspecified) 2,500
56.3 Office Manager - 3,100
55.7 ‘ Music Teacher - " 4,400
55.3 , Banking and Finance 2,100
55.2 " Keypunch Instructor or Supervisor 2,200
55.0 Teaching (unspecified) - 3,700
54.8 Independent Eontractor . 4,500
54.7 High School Physical Education Teacher 2,500
54.7 - Counseling and Guidance (non-psychologist) 3,000
53.6 Graduate Nurse (RN) ' 16,500
53.2 ‘Legal Secretary . 3,900
52.8 -Wholesale or Retail Trade Managemeni i ‘|\'2,000
52.3 Librarian ' o 3,200
52.2 Sales Manager : 2,660
48.6 MEAN SCIENTIFIC POTENTIAL FOR ALL FEMALES

There has been no discussion in this section of the science careers
that minorities enter. The reason is that Oriéntal or Spanish surname par-
ticipants were not oversampled in Project TALENT and therefore are too few
to analyze, and almost none of the black participahts had a science occupa-
tion 11 years after high school. In Table 4.16, however, we display the
nonscience -occupations with the highest mean Scientific Potential for black

males. The occupation w..h the highest mean. score, business maﬁagement,
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Table 4.16

Mean Scientific Potential for the Nonscience Occupations
with the Highest Means and with Weighted Ns of 200 or
More Black Males, Based on Project TALENT Sample !

Scientific Potential Occupation Weighted N
64.2 MEAN SCIENTIFIC POTENTIAL FOR MALES IN SCIENCE
55.4 | Business Management 1,900
53.7 Wholesale or Retail Trade”Management ‘ 700
53.7 Electrician 800
52.6 MEAN SCIENTIFIC POTENTIAL FOR ALL MALES
49.5 ‘ Real Estate Salesman . 600
48.4 Recreation or Playground Director 300
47.6 Machinist 1,100
47.3 Purchasing 1,000
47.2 No job: other . . 600
46.6 Typist 600
46.0 "Auto Mechanic : , " 300
45.5 Lab Technician, Physical Sciences 700

) 44,9 - Phone Installation and Repair 700
43.5 . bMiscellaneous' ' 200
43‘.5 Social Work | 1,300
43.4 MEAN SCIENTIFIC POTENTIAL FOR BLACK MALES

was almost a standard deviation below the mean score for all science males.
Only three occupations h;& means as high for black males as the overall male
mean of Scientific Potential, 52.6. The mean score for all black males was
two standard deviations .below the mean for males in science. The mean score
for black females was even lower. We must conclude that in 1960 few 11th
grade black students héd.developed the abilities,measured by the Project
TALENT tests that we found to be correlated with the establishment of careers
in séience. It may be the case that lérger numbers_of blacks possessed la-
tent traits necesééry for successful science‘careers but did not manifest
them on these particular tests, and‘because tests similar to the Proje