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Preface

How does an individual become a Steinmetz or an Einstein, a person who con-
ceptualizes our world in such a way that we look at it with greater understanding? It
has been easy enough in the case of a single great man to reconstruet his biography or
to reformulate his life experiences and postulate the events that seemed significant for
his later career choice and scientific brilliancies, Easy enough but not necessarily
correct enough.

Literature about scientists has been filled with myths and romanticisms which
have substituted intuition for correlation, especially when chance occurrences have
coincided with stereotyped expectations, Numerous historical accounts have been
based on assumptions about critical incidents and relationships which were thought
significant for the development of bright, capable, and often idiosyncratic scientists
prior to the launch of Sputnik. However, once in space, Sputnik had the unantici-
pated result of sending these mythical notions about the growth and professionaliza-
tion of a scientist spiraling down to earth.

With their accomplishments in the public limelight, scientists could remain no
longer faceless and outside the realm of investigation themselves. Their reputed re-
motencss, isolation, noncommunicativeness, and technical overspecialization, which
had served to protect them against even being considered as subjects for study, had
to be subordinated to the reality of demands for new scientists.

Faced with the imposing task of identifying youngsters who were potentially
suitable for scientific roles, motivating them into careers, and training them for
maximum effective and gratifying performances, the scientists’ previous immunity to
study became an academic issue, In its wake, a sizable data base was accumu-
lated on the precursors, stages, and routes by which individuals become socialized
in professional scientific behaviors, and resocialized in furtherance of their career
patterns.

The current national research scene suggests that the sheer magnitude and need-
ling impingement of contemporary social problems on everyday living will trigger a
major social and behavioral research effort in the next two decades. Therefore, it
seems clear that a similar mobilization of talented human resources in these fields
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will have to be undertaken. However, to date only a limited supply of trained social
scientists is available.

Yet an oversupply of trained manpower in certain professional areas as physics,
chemistry, and engineering complements the undersupply in the social and behavioral
sciences, In attempts to remedy this, the general trend has been to train in areas where
need exists. However, this is a time-consuming endeavor. It means the training of
small groups in specific areas at a given time, while highly trained professional re-
searchers in other areas are not being absorbed in research endeavors. This strategy
has been adopted because at this time it is not possible to indicate whether profession-
als trained in single areas have the flexibility to shift fields within certain obvious
limitations as different problems demand attention. And yet such an issue has impor-
tant implications for the deployment, training, and retraining of professional man-
power in the years to come. If funding for manpower planning is limited it may be
judicious to train fewer potentially outstanding investigators. Instead the training of
those who have a capacity for easy professional mobility in several areas should be
emphasized over the training of a large number of narrower specialists, However, such
efforts logically must rest on empirically based knowledge of the psychological struc-
ture of scientists in these various areas, their motivations, commitments, and resources.

This volume was developed as one effort to enlarge, improve, and systematize
the data base compiled on the psychology of sociologists, psychologists, anthropolo-
gist, economists, and political scientists who will be needed to undertake tomorrow’s
urgent research. In this book are collated a representative group of empirical studies
on the career choice and performance of men and women whose professional adult
work is scientific research. The many extant theoretical frameworks within which
these investigations have proceeded are visible. Inevitably, viewing related studies in
their proximal relationships to each other encourages a critical evaluation of the
scientific status of the area.

A thorough search of the literature of the last twenty-five years, and a more
superficial examination of the fifteen years preceding, turned up more than 1,000
articles on psychological facets of career choice and development in the sciences.
Inevitably the search moved into studies on adolescents and their anticipatory
socialization processes, as well as those on organization-bound men who were in their
middle and later years, and on the gerontologically directed disengagement processes
of professionals from careers in which they had been heavily committed, These were
some of the topics which interested us becausc of their inherent content, but which
proved tangential to the task as we had defined it. Selection was to be limited to
articles that were directly concerned with the psychological background, develop-
ment, and behavior or motivations of persons in the social, behavioral, natural, life,
and physical sciences. Subjects were to be primarily associated with research careers
or had to show a strong tendency to enter or to consider these careers in their choice
of adult work. This meant that studies of creative adolescents were not included un-
less they were already considered potential scientists. Studies of the Westinghouse

1 Even in areas where no shortages are apparent, for example psvchology, there are relatively few individuals
who have research training in the social problem areas.

it
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sample of youngsters would be included, therefore, whereas data from Project
Talent would not.

For the most part studies of creative persons and of talented geniuses in allied
but nonscientific fields had to be excluded. On occasion certain kinds of artists were
utilized by some investigators as comparative populations, thus giving a sample of
findings on other related populations. In addition, studies of the creative process
were considered outside the province of this book. Examination showed that in this
area particularly, intuitive and introspective data form the main data base; in all but
occasional instances, studies on process were neither analytic nor were they science-
discipline-specific, However an illustrative group of papers assessing the cognitive
and perceptual characteristics of scientists and those bearing on what have been
thought to be components of creativity or original talent have been included.

These constraints then have served to create some arbitrary delineations: the
creativity literature, as noted, is included only when background or personality data
are emphasized, and not when the product or process receive focus. Similarly, while
a developmental focus is theoretically very homogenous to psychological analysis of
the studies on personality and its role in evolution of a career choice in science, the
articles on children whose creative performances, behaviors, and propensities may
seemingly elaborate the developmental precursors for later scientific work but who
are not committed to a career as vet, have been considered out of bounds. The prolific
data on high-achieving individuals and on achievement motivation was excluded,
except when directly referring to achievement in science.

Within such constraints, the body of studies to which we ultimately attended
was more sizeable than that to which Walter Miles, an early pioneer in vocational
development, had referred in 1932, when he pointed to the inverse relationship be-
tween the number of adult years and proportion of research devoted to these years.
It was superior in quality as well as in quantity to the work on persons in science and
other creative fields existing prior to 1945, to which Guilford (1950) had drawn at-
tention. Yet the total data base was by no means unwieldy, and could be readily
reviewed and collated.

In compiling a book of readings on scientists that was illustrative of the scope
of the field studied, and of the strategies, populations, assessments, and analyses un-
dertaken, our attention inevitably was oriented to a number of phenomena:

1. The areas in which some fairly “hard” and incontravertible data lie—the areas
that should be definitively pushed in future research to point of confidence,
if not conclusion

2. The gaps, omissions, and discrepancies in the mosaic of extant knowledge on
scientists, that may have import for individual variances within the popula-
tion, but which must be looked at more closely to assess their real signifi-
cance

3. The fit of empirical data with current theoretical constructions in the area of
occupational socialization bebaviors, with an eye toward strengthening
those conceptualizations that seem most consistent and explanatory

Our own desire to group the papers in this volume within a conceptual frame-

xigt
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work that is consonant with existing personality theory on the one hand, and with
a theory of occupational socialization behaviors on the other, showed us how delicate
and tentative such a task must be at this point. The work on research scientists has
suffered from the general alienation of social and behavioral scientists from the
psychology of adulthood. Moore {1969) has drawn attention to the almost paradoxi-
cal situation whereby the topic of voeational behaviors, so basic to the understand-
ing of society’s economic processes, has drawn minimal scholarly interest. There has
been little empirical response to thc promptings of such theorists as Erikson (1968),
Parsons (1970), Merton, Reader, and Kendall (1957), Brim (1966), Birren (1960),
Neugarten (1969}, urging that the developmental threads linking childhood, adoles-
cence, adulthaod, and old age have to be made more explicit. One hope for this
collation is that by illustration it will show not only the pitfalls but also the promise
of this and like areas of work.

The selections have been grouped to highlight the variables which have been
studied as possibly salient to career choice and development in science, and the
mechanisms by which thesc variables influence choice of assumption of a scientist’s
role. Thus, this book is divided into the following sections:

1. Variables that have been considered formative or salient for career choice in
science and the postulated interrelationships

2. Mechanisms by which these variables operate

3. Final expressions of those variables in the scientific work role, including
available choices, choice points, and constraints influencing choice

4. Psychological behaviors as expressed in the performance and further develop-
ment of the scientific role

This organization of articles suggested a uscful theoretical framework for en-
compassing the comprehensive body of studies on scientists. Its appropriateness will
be- further tested as psychological studies on social and behavioral scientists are
generated.

Our own interest in systematizing the psychological aspects of career develop-
ment of scientists met a responsive chord in Orville G. Brim, Jr,, former president of
Russell Sage Foundation. His interest in the study of socialization made it possible
for us to work closely with him in the preparation of this volume, and to have the
support of Russell Sage Foundation.

The cooperation and interest of colleagnes who also had done original studies in
this area was gratifying. We appreciate their willingness to allow their material to
be reviewed and reproduced as it conformed to our goal of presenting a representa-
tive collation of theoretical and experimental work. We benefitted particularly from
the critiques of Lois-cllin Datta, Wallace B. Hall, John L. Holland, Anne Roe, Morris
Stein, and Harriet Zuckerman, as the volume was in process. Both Dr. Zuckerman and
Dr. Harvey Sapolsky permitted us to review bibliographies that each had developed
for courses on sociological and on public policy aspects of the scientific career at Co-
lumbia University and the Massachusetts Institute of Technology respectively.

Work on this volume was initiated at the Reiss-Davis Child Study Center, and

xiv
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concluded at the Department of Psychiatry, U.C.L.A. School of Medieine, our present
affiliation. At these facilities, Mrs. Beryl Gordon and Mrs. Marilyn Weir carried the
main burden of secrctarial services, and Mrs, Mary Johnson O'Connor served as re-
search assistant. We are grateful for their superior intelligence and meticulous task-
orientation, and for the personal pride they put into their efforts.

Los Angeles B.TE.
November 1972 L.B.
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Psychological Aspects of Career Choice and Development
in the Research Scientist

Bernice T. Eiduson

INTRODUCTION

If the last two decades were the decades
of the physical sciences, the next two will be
the decades of social and hehavioral sciences.
1t is generally agreed that current social prob-
lems loom so large, and impinge so ponder-
ously on the lives of all of us, that enly massive
and concerted efforts to understand and eradi-
cate the problems will make tomorrow’s world
a viable one. With this in mind, social scien-
tists and planners have begun to confront the
weighty problems invclved in mobilizing the
resources, expertise, and sophistication essen-
tial to social science research enterprises.

In 1969 a Special Commission ({National
Science Toundation, 1969}, charged by the
United States Congress to recommend how
such a thrust might proceed, anticipated a
number of geographically distributed, multidis-
ciplinary social and behavioral science research
institutes with problem-oriented missions. Real-
istic appraisal of the human resources available
for participation highlighted the small number
of trained researchers in the field, the dearth of
good training facilities, and the limitationg in
methodological tools needed to power research
efforts.

Such concerns seem analogous to those
confronting the physical sciences in the period
prior to Sputnik. At that time, Sputnik stimu-
lated an ambitious and wide-ranging effort to
identify, recruit, and train promising scientists
to work on the new problems of space. Needs,
motivations, and requisites for performance in
the physical seiences were evaluated, so that

potential talent could be fostered, and the con-
ditions of work under which such talent flour-
ishes, could be provided. Considering the
enormous flow of talent into the physical and
natural science professions, and the undeniable
creativity of their performance, this was a
highly successful effort, and one in which
guidelines for a mobilization of talent in the
social seiences surely reside.

But to what extent can a body of work
generated mainly through studies of the nat-
ural and physical sciences contribute to the
identification and recruitment problems in so-
cial and behavioral sciences? Can information
gained on “hard” scientists be generalized to
researchers in “softer” areas? Of course the
social and behavioral scientist is not completely
unknown, Some descriptive survey data have
been accumulated on current geographical
concentrations of psychologists, sociologists,
anthropologists, their subspecialties, and their
origins by birthplace or university degree {Car-
penter, 1954; Clark, 1957; Harmon, 1961;
Knapp, 1963; Wispé, 1969), A few detailed
developmenta] and clinical studies have pro-
duced fragmentary insights into the psychology
of some social scientists: psychologists, for ex-
ample, have been described as unconventional,
bohemian, and imaginative in personality, and
thus distinguished from chemists {Chambers,
1964) or teachers and administrators ({Cat-
tell and Drevdahl, 1955}, They have also been
shown to demonstrate little affection toward
their parents, and a preference, if any, for the
mother over the father in childhood (Galinsky,
1962). Psychologists have been described as
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relatively isolated in childhood ({Chambers,
1964} and rebellious toward authority during
adolescence (Galinsky, 1962).

In terms of career selection, work choice
for sacial scientists seems at least in part reflec-
tive of childhood interests {Strauss, 1965). The
average social scientist elects his career at the
undergraduate level, in contrast to the physical
scientist who chooses his work at an earlier
stage, primarily in high school (Clark, 1957).
Social scientists achieve their Ph.D.’s at a later
age than do physical scientists and, perhaps
not untelatedly, make their most important
contributions at a Iater age, ie., 35 to 39, n
contrast to 30 to 34 for natural scientists {Den-
- nis and Gruden, 1954; Lehman, 1966; Pressey,
1960).

One of the predictors of choice of work
in the social sciences seems to be the signifi-
cantly lower high school grades in mathematies
and science subjects, in contrast to generally
high scholastic performances (Harmon, 1861).
In line with this finding, favorite subjects of
social scientists are foreign languages, English,
and social studies (Chambers, 1964).

A prominently voiced motivation of the
psychological career is an early interest in be-
havior; however, many psychologists have been
unsuceessful medical school aspirants, or have
flirted with teaching and business as possible
careers (Clark, 1957). Since spcial scientists
have an urban rather than a rural background,
heightened sensitivity to social problems has
alse been regarded as a motivating factor for
professional work choice (Glenn and Weiner,
1969). Psychologists who choose a career in
research report being motivated by desires for
eminence and by strong feelings of professional
commitment; they have outstanding conceptual
ability, and in contrast to nonresearchers, are
not altruistic {Wispé, 1983). Some psycholo-
gists appear to have drifted into their careers,
but those who have achieved eminence have
been very much advantaged by their upper
middle-class origins {Wispé, 1963). In contrast
to their noneminent collcagues, eminent psy-
chologists have had a significantly higher pro-
portion of eminent psychologists as fathers. The
less eminent have worked their way throngh
school since their parents placed a low vale
on an education.

These findings, while provocative, sug-
gest the sparse and unsystematic data base

that exists on the psychology of the social and
behavioral scientist. Also, it is apparent that
in many of these studies, comparative analyses
with physical and matural scientists were
thonght to be the logical way to proceed. Such
a strategy has presupposed that the same back-
ground, personality, and motivational variables
will be found in both social and physical sci-
entists, and that they will have the same mean-
ing, This may or may not be the case.! Some
variables may be characteristic of researchers
in general, regardless of field, but others may
be discipline-dependent. The demand charac-
teristics of the behavioral helds in general or
of specific behavioral fields may be sufficiently
different {rom those of the physical sciences so
that they possibly may call out quite different
psychological characteristics in persons who
work in them. Only systematic comparative
studies or a tightly formulated and well-sup-
ported conceptual framework will provide com-
pelling evidence on this problem.

A rather comprehensive overview of in-
vestigations on scientists done to date suggests
that certain issues directed the development
of the main body of work: (1} What condi-
tions, background features, or early milieu en-
courage selection of a scientific career? (2)
What personal resources are requisite, and how
are these resources shaped by experiences and
life events? (3) By what processes or mecha-
nisms are salient experiences, attitudes, and in-
terests facused and mternalized that they finally
lead to a research career? (4) Are there certain
conditions or stimuli that precipitate the de-
cision to become a scientist? (5) How does an
individual become professionalized and gain
the identity, values, and goals that he shares
with his colleagues? {6) As a scientist, what
options are available in terms of hehaviors,
activities, or roles? {7) Are these choices which
are predictable from his own background, pref-
erence, and previous experience? (8) Could
the level of performance achieved be predicted
from earlier events or behaviors? {3) What is
the course of the scientific career, and the in-
Huences on such a course? (10} What are
some of the psychological components of be-
ing a scientist—ie., the conflicts, attitudes,
emotional satisfactions, and frustrations? How

L M, Stein has recently hrought this to my atten-
tign,



Psychological Aspects of Caréer Choice and Development

are these related to the perceptions of the sci-
entific life?

Obviously these questions grow out of a
long view of the scientific career, one which
presumes notable precursors or antecedents
and identifiable consequents. This is the case
whether a personality or a socialization ap-
proach is used. Most of the empirical data on
the process by which decisions related to ca-
reers are reached has developed within a per-
sonality model, which has given particular at-
tention to aptitudes, talents, resonrces, and
early environmental factors which have en-
couraged specific interests and experiences at
the expense of others. The encouraged and re-
warded activities, relationships, and motiva-
tions tend to direct an individual increasingly
along avenues felicitous to the demands of a
scientific career. Thus the decisions about work
that are formulated at some specific point reflect
skills, motivations, relationships, and activities
that have heen most satisfying in earlier life as
they have matured and become refined, as well
as the anticipation that adult work in science
will provide more of the kinds of experiences
and challenges that have been most rewarding.

This developmental perspective also char-
acterizes a socialization theory orientation.
Early social roles set the stage for the kinds of
later experiences which are sought in one's
adult socialization patterns. The social reward
systems that proved most potent and durable
in early relationships become modified, elabo-
rated, and changed over time so that new
knowledge, ability, and motivations are availa-
ble to meet the demands of new learning and
the revised goals and expectations of others.
However, early learning often sets limits for
future socialization patterns. In the case of tak-
ing on an adult role as scientist, precursory he-
haviors, knowledge, and skills that were de-
veloped earlier and perceived as useful, become
recombined and refined so that they meet the
levels of proficiency and sophistication required
by the professional scientific context. At the
same time conscicus and unconscious aspects
of personality which also were developed in
earlier leamning situations become restructured
50 that adult behaviors and values meet what
is valued and required in a professional scien-
tific role. Thus, continuity between precursory
experiences which have shaped early roles and
the later adult work roles is established.

The questions also reflect the organismic
view of development, a perspective which puts
the study of growth and change into the fore-
ground, and the total individual into focus.
This viewpoint seems consonant with the theo-
retical and empirical work on vocations, occu-
pations, and professions—although the data
bank here is so limited that prominent con-
ceptual underpinmings are obscured (Becker
and Carper, 1956; Moore, 1969; Osipow,
1968). It also shares a common hase with the
work on normal adults, their development and
vagaries (Erikson, 1968; Grinker, 1962:
Hughes, 1965). Thus far, psychological data on
adults appear strikingly discontinuous and even
discordant, showing little evidence of the an-
ticipated smooth and consistent course {Goulet
and Baltes, 1970) and, io a large extent, this
is the case with the work on scientists, too.

In this company, the investigator on the
psychology of scientists is forced to think about
such problems as how behaviors move steadily
toward decisions favoring science as adult
work; what behaviors, activities, interests, at-
titudes, roles show visible change and maturity
in the direction of scientific skills and prefer-
ences; what subgoals encapsulate the final goals
of a professional career; what role perceptives
make the idea of becoming a scientist syntonic
to the personality. The developmental perspec-
tive is also evident in the two main strategies
used to study scientists: the mature person
functioning at the professional level, and the
fledgling, the potential scientist.

SCIENTIST POPULATIONS

Scientific populations have generally been
classified into two groups:

1. Professionals: Those mature, actively
functioning, and, on occasion, retired sci-
entists who have alveady achieved profes-
sional training leading to a Ph.D., or in some
cases to a master’s degree, who are employed
in research settings, and used in research
capacities.

2. Preprofessionals: Fledgling or would-
be scientists who are in preprofessional
stages, or those who are enrolled as science
majors or adolescents in high school pro-
grams.

The latter have often been identified as
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having exceptional promise in science through
the Westinghouse Science Talent programs, or
the National Merit Scholarship winners, or
Project Talent, which utilize extensive assess-
ment measures to spot young people with in-
terests and aptitudes commensurate with a
scientific career. It generally has been assumed
that data from these two populations would
feed into each other, i.e., that studies of estab-
lished scientists would provide clues as to what
to look for in embryonic scientists and, in turn,
that data on emerging scientists would antici-
pate and show in developmental or even transi-
tory form, characteristics of more established
men, However, this is an assumption that has
thus far been given only preliminary test
(Datta and Parloff, 1965; Tuaylor and Ellison,
1987} . The studies on very young children who
seem scientifically inclined or creative, and
therefore apt to consider scientific careers, have
not been part of the scientific literature. The
chronological distance of such children from
the phases of maturity at which they choose
carcers often makes an apparent correlation
more spurious than real.

Some studies have analvzed scientists with
nonscientist adults as controls, However, an
equivalent number of studies have attempted
to distinguish more creative from less creative
individuals within scientific populations. In this
framework, some criterion of creativity has
served as predictor. The predictor wvariables
have ranged from more chjective measures
such as scores on tests of originality or from
measurements of cutside validity drawn from
findings on the individual’s scientific contribu-
tions, number of patents, number of publica-
tions, or citations, to subjective estimates of the
individuals creativity by peers, eolleagues, and
supervisors. In a few instances self-reports and
self-judgments of creativity have been used.
Measures of creativity have often been inter-
changed with mcasurcs of success. However,
for the latter some additional criteria have
proved useful, as honors, distinguished awards,
and ather indications of meritorious service.

A number of disciplines have been in-
cluded under the title of research scientist. The
natural or physical sciences category includes
the biological scientist, sometimes called the life
scientist, as well as chemists and physicists.
Social and behavioral scientists include char-
acteristically psychology, sociology, and an-

thropalogy as well ag history, economics, and
political science; but studies of persons in the
latter three areas are rare. Mathematicians,
who are not easily encompassed under the ru-
bric of social and behavioral scientist, or natural
scientist, have been studied as creative persons.
Those in the fields of the arts have sometimes
been used as contrel groups in studies of crea-
tive persons. Although arts or humanities are
usuvally not considered to be research fields,
Nor are persons in psychology or sociology who
are elinical practitioners or social service work-
ers, or persons who primarily teach considered
research scientists,

Scientists have also been studied in a
rnumber of research environments such as in-
dustrial, academic, and governmental laborato-
ries. Investigations of these organizations and
of the various roles scientists assume in each,
show that in some respects the miilien places
unique dernands on the scientist’s function,
In some studies these differences are high-
lighted; in others they are ignored, on the
assumplion that the differences are not sig-
nificant for the question under study.

In similar vein, studies have bheen con.
ducted mainly on the American scientist. How-
ever, studies of scientists in other countries as
France, Gemnany, and India, are present
though infrequent (Chandra, 1670; Raychan-
dhuri, 1986; Grubel and Scott, 1967; Wilson,
personal communication, 1969). In these stud-
ies, the influence of findings on Awmerican
populations is generally acknowledged, and
may be responsible for similarities in data
across national boundaries,

PREDICTOR VARIABLES

The variables predisposing an individual
to science have generally been selected from
the following arcas:

1. Family background, life style, prac-
tices, and attitudes, variables that provide a
picture of the milieu into which the scientist
is born and grows up.

2. Events in childkood, particularly relat-
ing to school and academice background.

3. Variables which describe the intellec-
tual and emotional resources of the subject,
as endowment that has been shaped through
interaction with environment.
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The rationale determining selection of vari-
ables has grown out of the literature on person-
ality development and on the requisites for
performance in the scientific environment. In
the personality literature, special attention has
been paid to the data on bright, high-achieving
individuals and to individuals who show prom-
ise of unusual intellectval development. The
studics on the research environment have eluci-
dated the kind of resources, skills, aptiiudes, be-
haviors, and patterns that mark successful
performance in research, on feedback denote
variables of personality, cognition, and motiva-
tion that might be profitably studied. Analysis
of still ether variables that have been scruti-
nized for their predictive capacity suggests that
they have been chosen out of methodologically
opportunistic considerations. They are acces-
sible, easy to isolate from context and to manip-
ulate statistically, so that the fact that they are
difficult to embrace conceptually is ignored.

Family Background and Environmental
Variables

Among the demographic and cultural vari-
ables that have been examined in the search
for background variables that predispose an in-
dividua! toward a scientific career, are the
father’s occupation and educational level, socio-
economic status of the family, peographical and
regional origins, religion, race, and political
background. These variables embrace the intel-
lectual, and sociocconomic status ol the family
and, thus, presumably provide referents to the
opportunities, cxposure, and value systems
available to the scientist during his childhood.

The notion of “occupational inheritance”
has been tested in numerous studies on scien-
tists. In one, which used a sample of over
80,000 college Freshmen, Werts {1968} found
that the students tended to gravitate toward
their father’s career, il the latter were a pro-
fessional, However, parental occupations of
scientists range over many levels of skill
{Visher, 1948}, In the case of creative scien-
tists, however, more falhers are professionals
than would be expected by chance, as Cham-
bers (1964) found for chemists, and Knapp
(1963) for social as compared to natural sci-
entists. Creative adolescents who have shown
strong potential for science (Parloff, Datta,
Kleman and Handlon, 1968} also dispropor-

tiovately come from homes in which fathers
are professional. Evidence, however, has not
been supported in Roe's highly selective sam-
ple of natural scientists {1953). Attitudes of
parents toward work are more difficult to es-
tablish when looking at their influence on sons.
Yet West {1961) found no differences when
the motivations toward education were studied
in fathers who were blue-collar workers, as
compared with those in white-collar jobs.

Astin (1963) noted that fathers who were
engaged in physical activities, science, or soeial
service chose colleges for their sons that were
high producers of scientists, as contrasted to
fathers who were engaged in sales businesses,
law, or persuasive vocations. In quite another
vein, Roe (1951) found that among highly
selected seientists, those who scored highest
on verbal imagery indices, came from families
in which fathers were in law, clergy, or in col-
lege teaching. Thus, the role of the father’s
vocational level and attitudes for scientific ca-
reer remains of interest, though for not very
conclusive reasons.

In a closely related area, educational back-
ground of the parents, Clark (1957) found
that 48 percent of eminent psychologists had
professional fathers. Six to ten percent of the
fathers had a Ph.D. degree, while only 10 to
20 percent of the fathers and mothers had less
than high school training, Parents of adoles-
cents who were sufficiently distinguished in
scientific aptitudes to have become part of the
Westingliouse Science sample, were also found
to be educationally privileged, with 25 percent
of the mothers having some college, 29 percent
of the fathers having u B.A. degree, and 22
percent of the latter achieving an advanced
degree. Educational status of the parents has
been shown to be a good indication for the
kind of intellectual interests encouraged in the
child (Getzels and Jackson, 1961; Schaefer,
1967} and for the pull toward intellectual stim-
ulation, More specifically, West {1961} has
been able to show that the parents’ level of aca-
demic performance is primarily an index of
whether the child will go on to the Ph.i)
level,

Evidence on class status of scientists” fam-
ilies supports a cluster of variables pointing to
the generally middle-class background of sci-
entists who have been studied in the past
{Glenn and Weiner, 1969; Roe, 1953; Werts,
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1968). Social scientists seem to be more up-
per class than natural scientists (Knapp, 1963}).
Class status seems to make some difference in
the choice of a social science versus a natural
science discipline when sex is also taken into
consideration (Werts, 1968}, Class member-
ship is not a relevant factor in determining
whether the college chosen by the subject is
recognized as a high or low producer of scien-
tists (Holland, 1957).

When psychologists have been separated
into clinieians and experimentalists, it has been
found that elinicians tend to come from larger
cities and are more urbanized than are experi-
mental psychologists, Since sociologists also
have urban origins, awareness of urban prob-
lems has been cousidered a prominent factor in
motivating interest in social science areas {Car-
penter, 1954; Glenn and Weiner, 1969).

Such demographic features at best offer
faint clues to support the association between
educational and urbane sophistication of par-
ents and scientific careers of their children. A
related stimulus, however, may be their at-
titude and acceptance of vocational goals which
demand intensive training, preparation, and
financial support.

As study has turned toward parental at-
titudes and behaviors toward children, early
interests and accomplishments, a sizable num-
ber of family-related variables have been stud-
ied, such as place in family, discipline, rela-
tions with mothers, fathers, and siblings, and
sources of inteilectual satisfaction. Only a few
of these tum out to be of more than passing
importance. By and large, families of scientists
are smaller than expected in the general popu-
lation; at least this was the case in the late
fifties {(West, 1960). In line with the rather
abundant data which has established the con-
sistent relationship between eminent persons
and their firsthorn status in the family {Altus,
1965; Apperly, 1939; Jones, 1931; Sutton-
Smith and Rosenberg, 1570}, Roe (1953}
found that the eminent scientists in her study
were predominantly firsthormns or only children.
However, in the Westinghouse sample of adoles-
cents interested in science, these trends were not
supported. Datta’s {1968) analysis of the West-
inghouse sample suggested that the favorable
effects of ordinal position noted were attenuated
when such factors as sex, size of family, and
number of siblings were considered.

Schacter’s {1563) hypothesis that actual
or psychological “onliness” may be of greater
psychological import than ordinal position is
supported by the consistent finding of periods
of isolation in the early life of scientists. These
isolation times usually occur during preadoles-
cence or latency, from 8 to 11 years, and make
for real and imagined distance from peers and
siblings (Eiduson, 1962; Roe, 1953; Super and
Bachrach, 1957; West, 1960). Esolation or sepa-
ration was at times stimulated by physical ill-
ness, psychological problems, or mobility of the
family. However, the stimulus was not con-
sidered as significant as was the response gen-
erated in the subject by the fact of isolation
—the need to develop his own personal re-
sources, a tolerance for being alone, and for
finding ways to amuse himself during these
periods {Bush, 1969; Eiduson, 1962). Closely
allied to periods of isolation are a number of
other relationships contributing to the feeling
of “onliness,” as (1) significant incidents of
father-absence through death, divorce, or voca-
tional circumstances during formative years
{Barron, 1969; Eiduson, 1962; Roe, 1960);
and {2) the lack of strong positive ties in rela-
tionships with families {Eiduson, 1962; Roe,
1957; Terman, 1954}. Comparing psychologi-
cal to natural scientists {physicists and chem-
ists, specifically), conflictual and stormy rela-
tionships were the more prevalent milien during
cazly childhood vears. The tenuous relation-
ships have not invariably been found in scien-
tists or would-be scientists (Strauss and Brech.
bill, 1959; Weisberg and Springer, 1961) but
they do appear with sufficient regularity to sug-
gest a less than warm or intimate involvement
with parent figures.

The affective and emotional tone of the
home has received considerable attention, es-
pecially since parental orientation and attitudes
toward the child have bheen singled out as
critical dimensions in the kinds of occupations
te which the subject then turns (Roe, 1963),
For scientists, the home has generally appeared
to be rejecting, although this does not deny
considerable interest in the child who becomes
a seientist (Strauss and Brechbill, 1939}, Em-
pirical data do not bear out the postulated
significance of the parent-child relationship for
choice of field {Brunkan, 1965; Hagen, 1960),
The notion seems too simplistic, or imprecise,
based as it is on retrospective data that tend
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to be overdetermined by events in intervening
years. Rejection by parents also may be too
global a notion, for family values, aspirations,
attitudes, beliels, and ways of thinking, can be
incorporated despite negative relationships.

A less than completely gratifying emo-
tional environment has been also perceived
as a condition encouraging the initiative de-
sired in science. Autonomy and independence
seem to have been encouraged by the child’s
physical and/or emotional distance from father,
by ordinal position, by being an only child or
a psychological “only,” or by the rewards and
gratifications given for showing initiative. Sci-
entists often come from homes which are in-
dividualistic and nonconformist {Strauss and
Brechbill, 1959), democratic in orientation
{Myer and Penfold, 1961}, and where disci-
pline is not authoritarian or overly domineering
{ Nichols, 1964; Weisberg and Springer, 1961).
According to their own reports, creative sci-
entists have often experienced less discipline
than have noncreative scientists {Stein, 1963)
and a much less strict wpbringing (Dauw,
1966). Social scientists report less harmonious
homes and more inconsistent discipline than
do natural scientists; as adults they feel more
rebellious in their feelings toward parents (GCa-
linsky, 1962; Roe, 1957). The low levels of
authoritarianism found in the studies of high
achievers is also found in scientists (Rosen,
Crockett and Nunn, 1969),

Identification with the mother as achiever
is an equivocal finding. In the Eiduson sample
{1962), mothers of scientists were identified
more with achievement than were fathers, who
were absent from the home to such an extent
that more than half the subjects could be rated
as “fatherless” by the age of 12. The lack of
fathering is more prevalent than the lack of
adequate mothering (Bush, 1969; Taylor,
1983). Family relations are notably lacking in
warmth or closeness, and rtemain tenucus
through life. Mothers are perceived to he in.
secure, {rustrating, preoccupied, and not too
warm or protective, and fathers, though dis-
tant, are viewed with more respect (Bush,
1969; Eiduson, 1962; Roe, 1957).

These data conform with the greater au-
tonomy permitted scientists as children, espe-
cially those who show signs of creativity ( Datta
and Parloff, 1967; West, 1960). The need to
experience independence, curiosity, and the

need to pursue their own way have been rec-
ognized as important formative experiences by
parents of alert and bright scientists (Nichols,
1964}, However, some sex differences are
noted here: Dauw (1968) has found that
fathers, but not mothers, encourage independ-
ence in girls. And retrospectively, adult women
who are scientists report that only their fathers
have been strong sources of encouragement
{Rossi, 1965) .

Some of the same distance and aloofness
characterizing relationships with authority are
noted in peer relationships. Physical scientists
generally show less personal interaction than
do social scientists (Cattell and Drevdahl,
1962, Galinsky, 1962; Roe, 1953). Psychosex-
ual devclopment of the scientists altogether
appears retarded in the early and adolescent
phases of his life, as Terman {1954} has found
in his more intensive, longitudinal studies of
gifted children who have turned to science as
an adult career. When relationships are not
intense, as in the case of physicists as com.
pared to clinical psychologists {Galinsky,
1962, they of course have less of the stormy
and conflictful characters that psychologists
repoit,

Despite the generally lukewarm family re-
lationships, substantive intellectual stimulation
is provided in the family setting (Eiduson,
1962; McClelland, 1982; Super and Bachrach,
1957). Thus, the childhood environment of the
scientist is far from the closely knit, warm mi-
lieu that is often idealized as the soil for foster-
ing curiosity, independence, and maturity. Per-
haps it is the very absence of nurturant and
security-giving family background that fosters
the initiative and resourcefulness that scientists
show,

Childhood Interests as Predictors of Career

In line with the importance attributed to
intellectual growth and development, the de-
velopment of scientific and intellectual inter-
ests has been followed rather closely. Eiduson
{1962), MeClelland (1962), and Schaefer
(1967} have found that satisfaction from in-
tellectual activities appears early, becomes
overdetermined, and can generally bhe traced
to parents. Reading scientific material and me-
chanics are early preoccupations {Walberg,
1969). In fact, scientific interests seem to be



PSYCHOLOGICAL ASPECTS OF CAREER CHOICE AND DEVELOPMENT

crystallized in hoys by the time they are in the
eighth prade, with the 10- to 14-year-old period
most important for this development, few in-
terests in natural science being stimulated for
the first time beyond that age period (Tyler,
1964). Since scientific interests are found in
boys who are more masculine, these interests
are thought to grow possibly out of a maseu-
linc matrix. The girls tend to develop scientific
interests at a later period in their development,
during high school years, and those who turn
to science tend, also, to be outstanding in both
personality and achievement.

The adult social scientist shows some de-
finitive interest patterns which point to possible
childhced precursors {Goldschmid, 1967, Ross-
man, Lips, and Campbell, 1967), vet none
have been traced back to childhood as wvet.
Campbell and Soliman (1968) show that in-
terest patterns of female psychologists remain
stable over the extended period of their adult
professional life, so it is quite likely that these
interests had some identifiable determinants in
childhood hobbies and activities.

Academic Performance

In line with general scientific interests,
Myer and Penfold {1961) note that future
scientists show an interest in physical science
courses in their early school vears. This spec-
ificity does not appear in many studies; more
characteristic ¢ the good ability which scien-
tists show in grade school and high school
(Roe, 1957; Strauss and Brechbill, 1959;
Visher, 1948). By the seventh grade, skills
predictive of creativity in the twelfth grade
can be identified in scientists {Chambers,
1964). In addition, the motivation for good
attainment in school is present,

Pressey {1960) has found that college
at an early age is a favorable index to carcer
performance. By the college years, when vo-
cational decisions have been made, undergrad-
uate grades in science appear to be a good
index of later performance (Platz, McClin-
tock, and Katz, 1959). This is the case for
eminent psychologists, too, who range in the
top 5 percent of their classes {Clark, 1957).
Taylor and Ellison (1967) find, however, that
grades are enly good predictors if the course
work itself is very directly related to the areas
in which later performance is accomplished, a
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finding aligned with studies on assessment and
prediction of performance in professional psy-
chology and psychiatry (Holt and Luborsky,
1958; Kelly and Fiske, 1951; Kelly and Gold-
berg, 1959},

Interestingly, only natural scientists have
chosen their major areas of professional inter-
est by college. Less than half of the Ph.D. so-
clologists in the American Sociological Asso-
clation (ASA), surveyed by Clenn and
Weiner (1969}, were undergraduates in so-
ciology although they had studied social sci-
ence and psychology. Subject majors For emi-
nent psychologists, too, were often in the area
of humanities, as opposed to the “hard” sci-
ences, This finding suggests that interests and
aptitudes go together, for social seientists score
lower in high school math and science as com-
pared with physical science majors (Harmon,
1961, 1966). These scores are not reflective of
differences in endowment, for in intelligence
quotient as well as in grade-point average,
social science majors rank second only to physi-
cists, and are superior to biologists and chem-
ists.

This trend of findings has raised the ques-
tion of the ways in which university and pre-
professional training institutions reinforce the
interests and good aptitudes that scientists
show in earlier years, Do good scientific inst-
tutions select or attract the good students, or
do promising science candidates initiate the
choice of schools, teachers, and opportunities
that will be conducive to a fruitful career?
Knapp, Greenbaum, and Wertheimer (1953},
Holland (1957), and Astin {1963), find that
good students and good science programs do
get together; vet it is not easy to unconfound
the factors that bring about this integration.
Evidence suggests that students first select the
most productive institutions; and then that
institutions tise to the caliber of their students.
Teachers who are masterful, warm, and in-
tellectually eminent make the most impression
on science students {Knapp, 1963).

Intellectual Resources and Capabilities

What intellectual aptitudes does the child
bring to academic experiences? Does he show
a superior basic endowment which in tirn en-
courages problem-solving activities and atti-
tudes, or do problem-solving activities and
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intellectus]l interests encourage talents which
might otherwise remain lutent?

In the early stages of work on the requi-
sites of scientific pexformance, superior intelli-
gence was thought to be a minimal require-
ment, However, often mature and very capable
scientists, with outstanding creative abilities,
were shown to display a fairly wide range of
ability extending from high-average levels into
genius categories on standard intelligence
tests {Barron, 1969; MacKinnon and Hall,
1971). Although standard tests are known to
he poorly refined at high levels with insuffcient
top for groups clustered at the high end, Mac-
Kinhon and Hall {1971) were able recently to
report reliable Wechsler-Bellevue Intelligence
Test scores on a group of more than forty in-
dustrial research scientists studied initially some
years earlier. Their findings run from lows in
the high average range (118} to very superior,
and correlation between the Wechsler scores
with a test of intellectual ability emphusizing
abstract thinking (California Concept Mastery
Test or CCMT) were low but positive.

The CCMT, and the Miller Analogies Test
{MAT} have been used with some effective-
ness to show that conceptual ability does vary
within scientific populations. This is also the
case in regard to tests of originality and cre-
ative thinking which developed in response
to Guilford’s theoretical and empirical work
elaborating the structure of intellectual abili-
ties. Results on the Guilford tests which meas-
ure such dimensions as fluidity, flexibility, and
reasoning are not consistent for scientific sam-
ples (Barron, 1969; Drevdahl, 1956). Scien-
tists were not included in the populations on
which these tests were standardized, although
other groups showing creative abilities were
utilized. :

Prior to the more systematically developed
theses of Guilford regarding the structure of
the intellect, investigators approached the di-
mensions of ability and aptitude involved in
science in various ways. For example, analysis
of perceptual styles, preferences for complexity
and disorder, which frequently were formu-
lated in response to tachistiscopically pre-
sented stimuli, imagery modes, and associative
facilities, supplemented the assessment of more
traditional verbal-mathematical-spatial  skills
(Barron, 1963; Mednick, 1962; Roe, 1963;
Siein, 1963). In these endeavors, motivational

elements in intellectual performance came un-
der scrutiny, and in recent work these have
become an even more prominent focus {Eidu-
son, 1962; Holt, 1970). Thus, the scientist’s
orientation toward intellectual stimuli, his at-
tention to novel, unusual, nonhackneyed per-
cepts, his desire to restructure reality once
obvious recognition occurs, his interest in fan-
tasy, and attention to sensuous and unusual
sensory impressions, have been noted. It is
within this framework which enhances both
conceptual and perceptual factors that the role
of unconscious elements and primary-process
thinking in the more rational secondary-proc-
ess thinking of science has been explored, In
science the structure of acceptable thought
process is so formalized that signs of individu-
ality in conventional, logical, rational thinking
and personalized elaboration stand out (Bush,
1969; Holt, 1970; Pine, 1859).

Enjoyment of fantasy (Eiduson, 1962),
access to early recall {Weisberg and Springer,
1961), application of analytic thinking to

" thinking about early childhood (McClelland,
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1962}, tolerance for ambiguity {Frenkel-Bruns-
wik, 1948, Bruner, 1962) are characteristic
of scientists’ thinking, along with verbal fa-
cility, fluidity, flexibility, and capacity for ab-
stract and symbolic thinking {Mednick, 1962;
Andrews, 1985; Drevdahl, 1956; Garwood,
19643, The loosening of intellectual controls
or regression without too much anxiety or dis-
organization (Kris, 1951} are among the most
provacative descriptors attributed to the cog.
nitive processes that scientists display. These
permit the “paranoid leaps,” Kierkegaard's fe-
licitous phrase for the original and revolutionary
thinking which takes reality as its point of de-
parture,

There is some evidence that the orienta-
tion which adult scientists display is observable
during adolescence {Taylor and Ellison, 1967),
and leads to unusual dedication and commit-
ment to intellectual activities at the expense of
other pursuits {Bush, 1969; Cattell and Drev-
dahl, 1935; Eiduson, 1962; Roe, 1557; Taylor
and Ellison, 1967).

Personality and Emotional Resources

By describing scientists as adventurers,
risk-takers, independent and self-sufficient pro-
ducers who are antonomous in activities, en-
thusiastic in regard to work, dominant, and
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sensitive {Cattell and Drevdahl 1955; Eidu-
son, 1962; MecClelland, 1962; Parloff et al.,
1968; Van Zelst and Kerr, 1954), investigators
point to characteristios which enhance intellec-
tual as well as emotional behaviors. There is a
remarkable consistency in findings across stud-
ies, techniques of investigation, and popula-
tions. Scientists exhibit an interest in things
rather than in people or personal relationships,
somewhat loose controls in behavior, an ac-
ceptance of challenge, unusual drive and com-
mitment to task, high aspirations, confidence
and self-esteem. Less consensus is found among
studies in regard to the scientist’s level of ad-
justment, his anxieties, Impulsiveness, and
modes of reacting to aggressive and sexunal
drives. The latter are variables that are perhaps
more difficult to assess, and are more open to
interpretation. This may account for the am-
biguity of data in these areas. However it is
equally tenable that scientists as a group show
more variance in these characteristics {Eidu-
son, 1962).

It is apparent, too, that the sterectypes
the public tends to hold abouf the personality
of scientists (see section on “Sequential Char-
acteristics of Mechanisms Involved in Scien-
tific Career: Continuities and Discontinuities™)
relate to the better confirmed personality char-
acteristics. Scientists are perceived as being
withdrawn, introverted, preferring distance
from interpersvnul involvements. These fea-
tures also come out in tests (Cattell and Drev-
dah!, 1955; Chambers, 1964; Drevdahl, 1956;
McClelland, 1982).

There has been some interesting specula-
tion about the valuee to science of such person-
ality characteristics. It has been suggested
that they permit intense persistence, reduce
the tendency for distractability, and provide a
kind of defensiveness or paranoid thinking that
resists too easy acceptance of the bbvious, Less
clear are the values of the impulsiveness or in-
stability that soine tests show (Cattell and
Drevdahl, 1955).

Arve the characteristics found in mature sci-
entists also found in embryonic scientists?
Parloff et al. (1988) have found that more
creative adolescents are like more creative
adults, and diflerentiated from less creative
adolescents and adults, in many characteristics,
such as assertiveness, self-confidence, and au-
tonomy. However, there is mot continuity in
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all personality characteristics between creative
adolescents and creative adults. For example,
in this study the creative adolescent showed
self-diseipline, was reasonably circumspect in
his dealings with others without detriment to
his eapaeity to be independent in thinking and
to integrate his ideas in novel ways. This char-
acteristic was less notable in the creative adult.
Although the significance of this finding for
creative performance is ambiguous, the caution
against assuming that the same traits will iden-
tify und characterize creative persons as they
develop chronologically is clear: those charac-
teristics which differentiate more and less crea-
tive adult groups cannot be applied indiscrimi-
nately for the purpose of identifying the
potentially creative adolescent.

Pata are equivocal regarding the expres-
sion of aggression and sexual drives: Knapp
{1963) found physical scientists less aggressive
than the general population while McClelland
{1962), reviewing results of many investiga-
tions, concluded that scientists are more dis-
turbed by aggression, especially in the inter-
personal areas, and thus turn away to “safer”
things and objects. The jealousy, competitive-
ness, hostility, and intracommunity feuds sug-
gest that a great deal of aggression is expressed
toward colleagnues (Eiduson, 1962; Hagstrom,
1965: Merton, 1957, 1989). Undoubtedly the
constraints provided by the rules and regula-
tions of science encourage this open expression,
For some men, the ethos of science merges and
becomes one with their superegos; for other
men, personal and professional conflicts are
more discomforting,

Obviously certain personality and emo-
tional characteristics are more advantageous
for scientists than are others. On the basis of
data to date it is extremely diffienlt to deter-
mine whether more adaptive resources have
emerged slowly through the events and experi-
ences of the scientist’s life so that they have
become characteristics which the work sitaation
capitalizes upen or exploits; or whether the
demands of scientific environment stress certain
characteristics which among many others are
part of the scientist’s emotional makeup. The
methodological difficulties of trying to chart the
development of traits over time has been pointed
out very perceptively by Kagan (1968}, Goulet
and Baltes (1970), and Kagan and Moss
{1962). Some traits of personality are notori-
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ously vagarious over a person’s lifespan. Certain
features can be identified early and reliably
charted so that individual base lines can be es-
tablished; other features, however, are notably
unpredictable. They may not be manifest in
every developmental phase, may be transitory,
or may appear in phenotypes which are unrecog-
nizable. Qur ability to trace tendencies or char-
acteristics of scientists to earlier manifestations
may have to await a more sophisticated under-
standing of the stability and consistency of per-
sonality and mtellectual traits over time.

MECHANISMS OR PROCESSES
LEADING TO A SCIENTIFIC CAREER

By what processes or mechanisms are the
important variables that predispose an individ-
ual to science integrated along the develop-
mental course so that choice of a scientific
career results? Thus far, understanding of a
scientific work choice has been mainly depend-
ent on the theoretical understanding of voca-
tional choice in general. Uniquely professional,
or science-specific aspects have emerged to
some small degree.

Two theorists have moved science into
the broader concept of occupational choice:
Roe {1963) representing a meed-theory ap-
proach and Helland (1968) in a factor-theory
framework. Roe has given primacy in her sys-
tem to early childrearing modes, the responses
to childhood needs which in tum lead to pref-
erences for certain satisfactions, The range of
vocations from which an individual chooses his
adult wark depends on his general orientation
toward providing service to others, a derivative
of attitudes derived from parental relation-
ships; the level of work he chooses depends
on genetic structwre and endowments. Voca-
tional accupations are divided into six groups,
frem which prediction is made, once the child-
rearing attitudes of the home are known. The
lack of success of this model in early empirical
tests (Brunkan, 1965; Hagen, 1960} led Roe
to a more elaborate formulation in which child-
hood interests, aptitudes, personality, and spe-
cial environmental events were also contribut-
ing factors. Theoretically, the extent to which
each of these factors moves the individual to-
ward a selection of science as a career can be
mathematically expressed, but this has not as
yet been undertaken (Roe, 1968),

Holland (1966) has worked within a fac-
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tor-trait approach. He organizes individuals
into six personality iypes—realistic, intellectual,
social, conventional, scientific, and artistic.
Also, six model environments are formulated.
Careers and behaviors are postulated through
sets of axioms, laws, and hypotheses that pre-
dict the interaction of different types of persons
in different environments. The internal relations
of the theory rely also on 2 few constructs, such
as homogeneity, consistency, and congruency.
From this theory a comprehensive classificatory
system of environments and personalities
emerge, which permits organization of individ-
uals along career lines and other dimensions of
their lives.

The development of a personality type, in
Holland’s schema, involves the preference for
certain activities which in tum encourages the
development of competencies in those areas. In
the case of the scientist or investigative per-
sonality type, the special heredity and experi-
ence of the investigative person lead to a
preference for activities that entail the observa-
tional, symbolic, systematic, creative investiga-
tion of physical, biological, and cultural phe-
nomena; and to an aversion to social, repetitive,
and persuasive activities, These behavioral
tendencies lead in turn to an acquisition of sci-
entific competencies and to a deficit in persua-
sive competencies.

This pattern of preferences and competen-
cies creates a scientific personality type which
is predisposed to exhibit the following behav-
fors: achievements have an investigative qual-
ity; perceives self as scholarly, intellectually
self-confident, having mathematical and scien-
tific ability, and lacking in leadership ability;
perceives the world in complex, abstract,
independent, original terms with ability to in-
tegrate diverse stimuli; values science; suscepti-
ble to abstract, theoretical, and analytic in-
fluences, and least sensitive to materialistic and
social influences; prefers occupations and oc-
cupational roles that facilitate his preferred
activities and competencies and that minimize
his aversions and incompetencies. Therefore, a
scientific personality prefers investigative oc-
cupations and the role of the researcher or
investigator. He avoids enterprising occupations
and persuasive roles; copes with others in in-
tellectual, analytic, indirect ways; and is char-
acterized as analytical, rational, independent,
radical, introverted, curious, and critical,
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This theoretical position may be conceived
as describing a way of organizing information
about oneself, and focusing on the cognitive
aspects of decisions involved in work choice.
Other theorists have also seen choice as an in-
formation-processing task. Tts developmental
aspects, for example, are evident in the early
work of Ginzberg, Ginsburg, Herma, and Axel-
rad (1951}, who stated that choice becomes
more settled as fantasies are increasingly re-
structured in the direction of reality. Super
(1953), in a very comprehensive model of the
occupational choice, saw that the family di-
rectly influenced the child through the direct
information and attitudes it provided, and in-
directly influenced the child through its voca-
tional models. In addition to the tangible re-
sources and opportunities it provided, the
family also opened up to the potential scientist
supportive information. Some of the system-
analytic approaches also attempt to work to-
ward a comprehensive theory of information
input: Rogers (1968), e.g., notes that the in-
puts of the family, society, and genetic en-
dowinent are each important cognitive sources.
Ellis and Tyler (1967) see the work situation
contrtbuting input about such realities as the
rewards, feasibility of accomplishments, scope
of activities.

This focus on the cognitive and decision-
making aspects of choice represents a shift
from the more classic developmental frame-
work in which vocational roles were seen either
as representing an expression of personality
and motivational needs or as crystallization of
specific aspects of identification (Darley and
Hagenah, 1958; Forer, 1953; Golann, 1963},
The latter was the rationale for studies of the
similarities hetween the occupational choices
of father and son. While father's occupation
has in the past shown itself to be an anchoring
peint for the son {Caplow, 1958}, as have
class membership and economic opportunity,
this may be in the process of becoming an
outdated phenomenon, Even in science, change
seems to be occurring so rapidly that “psycho-
logical inheritance™ is no longer tenable; neither
opportunities, professional structures, nor condi-
tions of work are sufficiently similar to those of
the past to be relevant { Dubos, 1961).

In the psychoanalytic framework, identi-
fication has been only one of the mecha-
nisms by which remnants of earlier psycho-
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sexual relationship and conflicts become
expressed. Interestingly, psychoanalysis itself
has not given particular attention to work be-
haviors, assuming that any one of a number of
behaviors could encapsulate aspects of iden-
tity; work was implicated only if ocenpational
choice was an apt reflector of psychosexual
development. Bordin, Nachmann, and Segal
(1963} have attempted to demonstrate that
various impulse-defense configurations and the
superego manifestations, different for distinet
personality types, predispuse to certain profes-
sional choices, So far the only scientifically
relevant professional studied by this group in
line with this hypothesis is the social worker,
who is service rather than research oriented,
and therefore probahly quite different from
the scientist,

No conceptual model for the development
of a professional career has as yet grown out
of the empirical work on scientists, However,
the studies of salient variables suggest that once
intellectual requisites are assured, rewarded,
and reinforced in early experiences, interests,
personality and motivational factors become
important. Further, as children move chrone-
logically intc experiences which provide ex-
posure to scientific research or toward suijtable
counterparts, the number of situations which
can serve as valid predictors increases.

Scientists as Perceived Role Models

As adolescents entertain the notion of en-
tering science, they have many fantasies about
what science and scientists are like. At times
this reflects the notions that the public heolds
about scientists as a group. At other times, the
images of youngsters who entertzin the idea
of becoming a scientist are more personalized
and express their anxieties. These more or less
correspond to the images that scientists hold
and share as a group, and which permits their
behavior, values, and attitudes to be predicted.

Perceptions of teen-agers toward scientists
were first studied when efforts were heing
made to recruit promising talent among them.
The often quoted study of Mead and Métraux
(1957) pointed to many negative components
in the teen-agers’ images of scientists. In an-
other study (Remmers and Radler, 18957},
adolescents saw scientists as being differently
motivated from other persons, difficult to talk
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to, overinvolved in their own work at the ex-
pense of consideration of others. The predomi-
nance of an intellectual, rational, and studious
bent at the expense of warmer interpersonal
reactions was a feature that was also noted
when Bendig and Hountras {1938} and Braun
{1962) studied college students. Apparently
neither did direct experience with scientists
{Marks and Webh, 1968} nor the ways in
which the mass media presented scientists
{ Kerster and Hirsch, 1958) change these nega-
tive images. Krippner (1963) noted that after
the concerted effort to depict the scientist in a
more realistic and more favorable way, few
parents encouraged scientific careers for even
very able children. Thus teachers who are
themselves quite impressed with the scientist’s
prestige are stronger influences than are parents
in directing adolescents toward a scientific ea-
reer. Incidentally, the sterectype of scientists
shares some of the noncompassionate features
attributed to academic types (Currie, Finney,
Hirshi and Selvin, 1966; Demos and Belok,
1963}.

When imagery in young people is studied
in developmental perspective, there seems to
be little difference between the young and the
older teen-agers who are interested in science.
However, as science moves into professional
training and roles, the more powerful and pos-
itive imagery appears. Scientists as a group
seem to be caught up in the same stereotypes
that the public holds about them, and, in fact,
the researchers seem to have been drawn into
science by some of these same fantasies and
sterectypes. For example, they see themselves
as intellectuals, as discoverers of new worlds—
worlds they nol only create but which they
then proceed to live in. Their work is propelled
primarily, they think, by pressing inner
drives, so that the majority scorn “impure”
motivations, such as the desire for recognition,
or cxhibitionism, or personal aggrandizement,
or pragmatic reward unless these characteris-
tics are inescapable concomitants of devaotion
to the search for truth (Eiduson, 1962), Hap-
piness and fulfillment rest primarily in their
satisfactions at work, with routine drudgery
and administrative problems played down as
interferences. In fact, for these men, rigor,
persistenee, and discipline have all become in-
stitutionalized in their morality code as values
in themselves, and therefore the nine-to-five
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gentleman scientist is looked down upon as the
laggard who is bound to be unproductive.

There is evidence, however, that differ-
ences in the way science is being practiced to-
day are accompanied by certain differences in
the identifications that scientists have with
other scientists. An example of this changing
trend is the researcher’s shying away from
identification with the “great but maladjusted”
or “eccentric” scientist. Reverence for fore-
fathers whose outstanding minds were some-
times housed in very peculiar and odd person-
alities still exists, and yet the newer scientists
seemn consciously te be dissociating themselves
from peculiar and dificult associates or stu-
dents, knowing full well that they may be
thus shunting themselves off from some very
creative workers in their own laboratory, These
men nowadays prefer to depend for progress
on well-organized, smooth-running, large-scale
operations, whose stability demands the mini-
mum of interpersonal relationships, especially
disturbed ones.

Time of Choice

Among the more studied aspects of career
choice is the time at which the choice is made
and its reversibility. This is of interest par-
ticularly since some social-learning theorists
(Becker, 1964; Becker and Carper, 1956)
maintain that choice per se does not occur, for
the decision is never a conscious or specific
one; instead movement toward a career
emerges gradually through a constant narrow-
ing down of interests, skills, and preferences
during childheod and youth, Whether choice is,
in fact, a conscious decision, most scientists can
point to a time at which they decided to pursue
a scientific career. Natural scientists tend to de-
cide upon careers prior to college {Strauss,
1965; Tyler, 1984). In the Strauss and Rain-
water (1962} sample of the members of the
American Chemical Society, sixty-four percent
said that they chose to be chemists in high
scheol or before. Early commitment may be
encouraged by research experience, or by
high school counselors who are aware of the
long period of specialized training involved
{Hollender 1967, Chambers 1964). A commit-
ment to science occurs so seldom after high
school for boys that it can be said that move-
ment after the high school period is only in
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the direction away from science (Forrest,
1961).

By contrast, social scientists seldom com-
mit themselves to research in sociology or psy-
chology before their undergraduate years
{Tiedeman and O’'Hara, 1963; Holland, 1983},
This is also the time when the professional and
academic career is decided upon (Strauss,
1965). Roe’s (1933) eminent psychologists
decided on their careers later than did the
anthropologists. However, this does not mean
that other options had not been entertained.
In fact, in Clark’s (1957) sample of eminent
psvchologists, a number of other possible op-
tions had been entertained such as careers in
medicine, teaching, and business. Nobel Prize
winners in science also decided on scientific
careers carly {Zuckerman, 1967},

Once into a scientific career there is a
small group that tends to reverse its decision
{Tiedeman and O'Hara, 1963). Werts (1967},
examining the conditions conducive to staying
with a career, finds that there is a greater like-
lihood that voung men will remazin if the par-
ticular career is one in which there are peers
from the same socioeconomic group, if the
choice is compatible with the father’s occupa-
tion, and if career performance has been suc-
cessful, Surprisingly, a fairly high percentage
(50 percent) of the National Merit Scholarship
winners leave science between senior year in
high school and the end cof their junior year in
college {Forrest, 1961).

Thus the mechanisms involved in seientific
career choice are vaguely described by ascrip-
tion of roles played by various factors: as ge-
netic resources, endowment, influence of par-
ents and significant others, information about
the career, as well as the more unconscious fit
of needs, personality and emotional needs for
gratification of certain kinds of activities, com-
mitments, and values, Because the decision
about work has been considered to be revealing
of one’s identification and self-concept, it has
been thought that vocational decision could
be subjected Lo the same kinds of analysis as
are other important decisions in a person’s life,
like choice of a marital pariner. As yet the de-
gree to which vocational decision embodies
personality and the way such decisions evolve
over time remains ambiguous. Also, insufficient
evidence about antecedents and consequents
makes it impossible to identify continuities and
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discontinuities, or critical periods in the proc-
ess. Further, the difficulties in achieving such
complex information as demanded by devel-
opmenta] theories has moved some conceptu-
alizers to seek more manageable formulations,
such as stressing only certain kinds of activities
and preferences, or competencies and skills
that distinguish various kinds of work, The
assumption here is that while these preferences
and competencies are shaped by genetics, re-
sources, training, family interests, and environ-
ment, it is not necessary to elucidate the rela-
tive contribution of each in order to make some
predictive statements about work choice. Thus,
process is dealt with more simplistically.

PSYCHOLOGICAL ASPECTS OF
FROFESSIONAL ROLE BEHAVIORS

Once a career choice is made and appro-
priate training and preparation for the profes-
sional role accomplished, what career behav-
jors are evident? The scientific career can be
studied along a number of dimensions, e.g., the
kind of roles, assumed activities engaged in,
the distribution of time and effort, stvles of
work, interactions with colleagues, supervisory
relationships, eminence achieved, emotional sat-
isfactions and frustrations. Many of these di-
mensions have proved to be subject to meas-
urement and analysis, while others remain on
a descriptive level. While studies of the scien-
tific career have been useful in documenting
the psychological behaviors involved as the
scientist advances in his career, they have been
less attuned to the gquestion of how career
behaviors reflect or are predictable from ex-
periences. The latter is a particularly provoca-
tive question in the light of the control of sci-
entific activities by the rules and regulations of
science, professional mechanisms, and the in-
stitutions and context in which work is per-
formed.

A number of questions have directed the
study of psychological aspects of scientific ca-
reer development to date: {I} What options
are available to the scientist as he enters on his
carcer and what factors influence his choice?
{2) Can certain generic phases of the scientific
carcer be identified? (3) In what ways do
experiences during earlier phases of the career
influence later phases? {4) How does devel
npment of the career relate to a man’s produc-
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tivity and creativity, and to the rewards he
receives? (%) Are subgroups and subcultures
identifiable within science® (8} What are the
satisfactions in a scientific career? The frustra-
tions? The emotional component and conflicts?
{(7) Since intensive investment in work is so
distinctive for the scientist, can he turn work
off? What other activities involve him?

Choice of Discipline

Studies comparing scientists in different
disciplines have suffered from methodological
weaknesses. It has been difficult to take ac-
count of function or role across subject areas.
Also, studies of persons who are in preprofes-
sional training, rather than already on the job
often offer little insight into attitudes which
are useful in professional activities, Demo-
graphic data on chemists, physicists, psycholo-
gists, and sociologists are now available through
professional organizations, but data such as
region of origin, socioeconomic status, or spe-
clalty areas are not regularly collected. If Car-
penter's (1954) work is a good sample, we
should expect rather considerable differences in
background and present cultural data among
disciplines and specialization areas. He found
that experimental psychologists are drawn from
guite different geographical origins, and differ-
ent socioeconomic groups than are clinical
psychologists. They are also attracted to schools
of different sizes.

There are some provocative clucs suggest-
ing that some of the discipline-related differ-
ences may reflect cognitive differences, or dif-
ferences in aptitude. Ph.D.s in sccial sciences
are more number oriented und science ori-
ented; non-Ph.D.s are more social service di-
rected. Pelz and Andrews (1966) found that
physical scientists who had achieved Ph.Dgs
performed as predicted on creativity tests,
when motivational conditions were acecounted
for; in the case of non-Ph.D.s there was no
correlation between creativity scores and per-
formance.

The family backgrounds of natural and
social scientists seem to differ in the small body
of data available. Chemists come from indi-
vidualistic families, more rejecting and less af-
fectionate families, than do psychologists
{Chambers, 1984). Galiusky (1962) showed
that physicists formed fewer intimate velation-
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ships with family members but were intellec-
tnally stimulated at home. Psychologists, on
the other hand, were more involved with their
families, more curious about interpersonal re-
lationships, had warmenr relationships with their
mothers but reported having more rigid and
harsher discipline and, in general, more con-
flicts. The latter findings are supported by
Roe's (1957) data. In objective personality
tests chemists were showed to be more domi-
nant and showed stronger initiative, while
psvchologists were more bohemian, intro-
verted, and impulsive {Chambers, 1964). The
academic situation and motivations toward
schaol seem to have played a greater role in
the natural scientist’s life than in the social
scientist’s.

Professional Career Activities

When the actual workday of the scientist
is analyzed, there is considerable discrepancy
in what he does and the ideal of pure research
activity which has been his pre-role anticipa-
tion. Surveys by professional scientific organ-
izations have documented that work load is
usually distributed among 2 variety of research,
administrative, formal and informal teaching,
supervisory, advisory, and consultant activities.
Differences among scientists in the scientific
tasks assumed are attributable to the nature of
the research organization, some to level of pro-
fessional experience, and still others to pre-
forred work styles and to willingness to assume
responsibility.

A number of activities and invelvements
have been described and studied in order to
show the way the scientific career tends to
evolve, and the ways the scientist decides to
invest himsclf. As a result of this work, certain
career lines become evident. Certain stages
which are invariable are distinguishable from
those that are more fluid, and certain critical
periods for mobility within career paths can
be elucidated. In addition, relationships be-
tween scientific performance, achievement, and
career course have been suggested.

The distribution of time and effert among
activities is one of the most readily assessed.
When productivity is measured by publication
rate, or number of patents produced, the pe-
riods of maximuvm output are directly related
to effort devoted to research { Andrews, 1965},
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Ag other activities such as administrative duties
or teaching take precedence, productivity is
lessened (Eiduson, 1966; Dragstedt, 1962).
However, full-time research on highly techni-
cal activities is not necessarily an optimum
condition for creative output, Andrews {1965),
evaluating performance in eleven research and
development laboratories, has found that full-
time technical work is less productive than
part time, regardless of the type of milieu, For
some disciplines and for some experience levels,
the spending of three-quarters or one-half
of the scientist’s time in research is correlated
with optimum productivity. For example, su-
pervisory science Ph.D.s did better research if
they alternated it with administrative duties
and did less teaching; engineers did better re-
search when they also were engaged in teach.
ing.

In longitudinal studies of academic nat-
ural scientists who were all originally devoting
75 percent or more of their time to research,
Eiduson {1966) found that the subjects, in a
five-year period, actually moved into five career
patterns, Only 25 percent of the groups re-
mained researchers primarily; better than one-
half of the group interspersed research with
duties other than research and development ad-
ministratiot; 15 percent were full-time admin-
istrators; 10 percent left for industry. Produc-
tivity, as measured in aeademically valued
goals, was directly affected.

Trends in changes of professional activity
show low positive correlation with age, aca-
demic rank, and performance level. Adminis-
tration is generally regarded as an academic
plum for outstanding, upwardly mobile young
men. In addition, there are certain ages when
the options for change in major activity are
most readily available, and certain ages when
the possibility of mobility is sharply reduced
{Eiduson, 1970). Further, maving out of re-
search and into teaching or administration is
easier than re-entry, The rapidity of scientific
developments in most areas makes it difficult
for a person to maintain sufficient sensitivity to
advances in his field to be able to return with-
out being penalized for his absence (Price,
1963).

Wertical and horizontal mobility in a sci-
entific career can be measured and the factors
influencing mohility evaluated. Scientists spend
their careers at only a few institutions. Reinter-
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viewing scientists studied twenty-five years
previously, Roe found that one quarter of the
sixty-four men had been completely stable dur-
ing this time; a smaller percentage showed
more than occasional mobility (Roe, 1963),
Similarly, except for the period immediately
following receipt of the Ph.D., forty scientists
followed for a ten-year period generally re-
mained with one university { Fiduson, 1970}.

In studying the factors influencing mobil-
ity, sociologists have been impressed with the
importance of regional factors and prestige of
the Ph.D.-granting institution. A greater pro-
portion of new doctorates than would be ex-
pected by chance stay within both the same
region snd the same prestige level as their
doctoral schools (Hargens, 19689). Hargens and
Hagstrom (1967 also showed that the prestige
of the Ph.I).-granting university influences later
institutional affiliation. Even when productivity
of the individual is controlled, recruitment into
top ranked graduate institutions is the impor-
tant factor for what later happens to a person.
The academic stratification system is such that
a greater number of scientists than expected by
chance are inbred into their own doctoral insti-
tutions,

Turning to vertical mobility, Mercer and
Pearson (1962b) hypothesized that a large num-
ber of factors affect ascendency. Some factors
extrinsic to the institution such as age, amount
of income, lack of tenure, and academic rank
prove to influence ascent rate; while surpris-
ingly, the kind of work done, the type of insti-
tution, and jeb satisfactjon are not as influential.

Another dimension of the research career
which shows individual variation is style of
research. Researchers have spoken of their
preferences for certain kinds of research activi-
ties such as initiating the idea, formulating the
problem, developing methodology. To some
extent, prefererice for theoretical or experi-
mental approaches is relevant here. In a more
elabarate fermulation, Gough and Woodworth
{1960} deseribed eight types of scientists who
could be identified according to their strengths
and preferences in research tles. Interest-
ingly, they found that stylistic research types
such as the methodologist, zealot, inmovator,
which were obtained on the basis of Q-soris
related to activities, could be correlated with
persanality as measured on the California Per-
sonzlity Inventory, This suggests that the per-
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sonality differences, shown by Goldschmid
{1967) to be currelated with choice of major
field, may also be instrumental for the scien-
tific niches intoe which a scientist moves.

The pressure on scientists to extend them-
selves into other kinds of work often comes as
a result of success {Dragstedt, 1962; Eiduson,
1966). In addition, new activities open up
that have appeal to persons who are not eager
to stay at the laboratory bench, or who feel that
they can be more effective in other things. For
example, scientists function as science adminis-
trators in govemment laboratories, or cut
across flelds and translate their background
to applied areas (Uyeki and Cliffe, 1963; Ru-
benstein, 1968). In the mid-60's their roles as
advisors and consultants in Washington gained
new importance, with scientists on the Presi-
dent’s Science Advisory Committee holding
some of the most influential posts {Storer, 1966;
Eiduson, 1966}, The elaboration of these roles
deviates from the traditional concept of what
scientists can and should do. As yet, only pre-
liminary data are available on the skills that
scientists nced to employ to succeed in these
activities (Eiduson, 1968). It has been noted
that merely assuming different roles often raises
the question of what values assume priority,
and where loyalties primarily lie. Such conflicts
seem to be natural concomitants of activities
which involve professional affiliations, special-
ties, contexts or milieus, and organizational
components (Glaser, 1963; Merton, 1960). By
assuming scientific administrative posts in cross-
disciplinary fields, one finds additional conflicts
arise from trying to balance off various back-
grounds, skills, and btraining as these become
transposed to new tasks.

One of the other patent issues mirrored
in one study of scientists in advisory and con-
sultant roles in Washington, is that creative
scientists are neither by ability nor personality
nor by their research experience particulavly
adept at translating what they do and know
to other arenas {Eiduson, 1966). Conflicts
arise when roles are executed differently from
the way scientists traditionally work and when
personal involvements are at issue, Tn like vein,
what scientists can do well is not always ap-
parent and realistically anticipated by the peo-
ple who want to use their expertise.

As the “Megabuck era” has changed re-
search from an individual to a largely group
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enterprise, collaborative arrangements have
been studied to see the effects of the enlarged
effort on performance. Certain scientists, e.g.,
those who are older, are more resistant to group
work than are others (Shilling, Bemard, and
Tyson, 1964). Group research efforts prove
most effective when a person’s tenure is low
enough so that he is interested in becoming a
pioneer and high enough so that his interests
are not too specific (Pelz, 1967). While it is
generally agreed that ideas come to single
minds (Cottrell, 1962), even solitary workers
are challenged through contacts with col-
leagues. Especially fruitfu] are the number of
scientific contacts a person has ouiside the
lzhovatory  (Shilling, Bernard, and Tyson,
1964},

The number of projects worked on simul-
taneously (Pelz, 1967}, the perception of the
project investigator by the other participants
and the participating behaviors between mem-
bers (Collins, 1970) are also factors effecting
creativity. A curvilinear relationship has been
found to exist between the responsibility for a
project and efficiency as a scientific researcher,
thus pointing to the importance of participatory
relationships {Collins, 1970}, The effective sei-
entist is found to interact with colleagues
(Pelz, 1967) and spends as ruch as a third
of his time talking io colleagues (Hagstrom,
1985). Strong association among colleagues
serves not only to concentrate energies but also
results in greater productivity and more rec-
opnition than for the individual who works
alone (Price, 1963). Following up this “invisi-
ble college hypothesis,” Crane (1969}, using
a sociometric analysis technique, has found
that the networks of relationship which develop
hetween individuals who work together in a
single area bring scientists into more intense,
intimate relationships with each other. They
form the kind of bonds that characterize, in
Riesman’s {1958) felicitous phrase, “true col-
leagues.”

Productivity

How successfully do scientists meet pro-
fessional goals? To establish modes of evaluat-
ing performance considerable effort has been
devoted to finding reliable, valid, and useful
meastres of productivity, determining base
rates for specific groups, and studying the
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factors influencing deviances from these rates.

Objective criteria for performance have
been determined in ways that are consonant ko
science and to the ultimate critics, the scien-
tist’s celleagues. Numbers of publications,
citations, patents, and inventions have been
useful “hard” indices, as have to some lesser
extent honors, awards, and election to honorary
societies. Such measures have been made as
sensitive as possible to diseriminate among
contributions of a relatively small proportion
of the scientific community. The findings which
show that, in psychology, a small minority
produces one-third to one-half of total publi-
cations, and that 50 percent of professional
psychologists {in the period from 1887 to
1951) produced 15 percent or less of the con-
tribution in the field emphasize the need for
measures which are relatively finely calibrated
{Dennis, 1954).

Until the development of the Science
Citation Index in 1964, productivity was meas-
ured mainly in terms of the number of publi-
cations produced. Publication rate was conso-
nant with criterda for performance in the
academic world, but its shortcomings, such as
lack of comparative measures to establish qual-
ity and scope of different kinds of publications,
were well known, The ability to establish use-
fulness of a work to colleagues by citation
rate refined this measure, since citations were
shown to have a high face validity {Bayer and
Folger, 1966). Quality and quantity of pub-
lications were shown to be highly carrelated
{Cole and Cole, 1967; Price, 1985; Skager,
Schultz, and Klein, 1965). However, quantity
was shown to be more related to intellectual
achievement in the home situation, while qual-
ity was more related to academic aptitude
{Skager, Schultz, and Klein, 1965). Even more
refined models of evaluating performance have
been developed recently, e.g., the model sug-
gested for sociological works by Glenn and
Villemez (1970). These models, which differ-
entiate the kind of publication, as well as de-
termining to some extent its originality, have
provided useful criteria by which productivity
of department or members of faculty could
be compared. They also constitute improve-
ment over the more subjective ratings of orig-
inality, scholarliness, and significance (Leh-
man, 1960b).,

However, the more judgmental and im-

pressionistic assessment served as base lines
in the pioneer work on rates and periods of
scientific productivity. Lehman's work {19604,
1960b, 1962) indicated that peak periods of
creativity oecurred relatively early in a pro-
fessional career, when scientists were in their
late twenties and early thirties. Also, the peak
ages were to some extent discipline-specific,
i.e., mathematicians who were “burned out”™ if
they had no notable discovery by age twenty-
one; physicists peaked between the ages of
twenty-five to twenty-nine, and the social sci-
entists found maximum siride in the late thir-
ties and early forties.

Together with this determination of peak
periods based on historical data, Lehman also
postulated a relatively short range of produe-
tivity in the scientific career. However, using
similarly retrospective analysis, Dennis (1954,
1956) found that half the output of physical
scientists who lived in the vears from 1800 to
1900 was produced after age 50. Ree’s em-
pitical work on eminent men (1957, 1963)
supported these latter findings, as did Eidu-
son’s {1966); in both samples productivity be-
ing maintained fairly evenly over time until the
age of 60, when reduction was noted. There
have been a variety of explanations proferred
for Lehman’s findings. Bromley {1967}, point-
ing to experimental work suggesting the dif-
ferential effects of age in quantity and quality
of intellectual output, notes that Lehman failed
to emphasize the likely effects of the reduction
with age in problem-solving ability and spread
of intellectual process.

There is general agreement that in the
case of psychologists, peak periods occur in
the late thirties and early forties (Dennis and
Gruden, 1954). Pressey (1960) has speculated
that this later flowering results from the later
career decision points {Clark, 1957) and from
the longer preprofessional training experiences
{Kelly and Fiske, 1951). Yet all psychologists
do not get degrees late; Clark (1957) found
that the most eminent psychclogists get de-
grees eatlier than the less eminent. Chronolog-
ical age and professional age are, of course,
highly positively correlated (Lyons, 1968;
Eiduson, 1966).

Studies show that scientists are aware of
the evidence that has shown that most creative

years for the natural scientist are the twenties
and thirties {Eiduson, 1970}. The lore about
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the breakthroughs in early vears of the scien-
tific career has been reinforced recently, par-
ticularly as the field of biochemical genetics
with its specifications of the genetic code of
life has become an extremely exciting area.
The model for the genetic code was the product
of Watson and some colleagues when he was
about twenty-five years old {Watson, 1970).
This has led to questions about the impact of
early discoveries on one’s subsequent profes-
siona] career, especially since it is almost im-
possible to make second discoveries of unusual
significance (Reif and Strauss, 1965). The as-
saciation of youthfulness and originality has im-
plicated the intellectual development of the tal-
ented person, the ability to solve problems in an
original way when one is free from the known
or doctrinaire, and when cognition is flexible,
spontanecus, and when one can take the big
risks (see section on “Cognitive Resources”).

Also, this motivation for breakthrough,
the search for the original solution, was im-
portant in the imagery which encourages per-
sons to go into science in the first place, Scien-
tists have identified in their professional images
with the discoverers of new knowledge and
have seen science as the field that offers them
the opportunity to assume this role {Eiduson,
1962). In putting 2 value or a premium on
original cognitive activity and on unusual per.
ceptions, science was perceived as providing
the kinds of satisfactions they had known in
their previous intellectual endeavors,

With this strong pull toward the novel,
the different, the original, and with the knowl-
edge that this was assaciated with youthful-
ness, it can be anticipated that aging might
be a major conflict for men in science. It seems
inevitable that getting older would lead to
soul-searching, some rationalizaion, and the
developing of new mythologies for “older sei-
entists.” HRoe (1965), Cook and Hazzard
(1965), and Eiduson (1970) provide some
data on personal reactions and behaviors as
individuals in science grow older, and some
responses of institutions which search for in-
novative ways of utilizing older scientists, Es-
pecially since the research environment has
beenr shown to have the power to facilitate
productivity on the one hand or hinder it on
the other (see section on “Career Activities™),
the work context has undertuken responsibility
to see what it can do to attenuate some of the
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biological changes affecting intellectual per-
formance.

Achievement of Eminence

Both tangible awards, such as the receipt
of the esteemed Nobe! Prize, honorary de-
grees, chairs, and some less tangible but
equally important evidences of respect and
recognition by peers and colleagues form pow-
erful elements in the scientific reward system.
An eminent scientist is usually thought to be
one who has made the kind of great discovery
or breakthrough that has brought recognition
and respect from colleagues. However, the
reward system does not operate invariably in a
rational way. Its laws are not completely ex-
plicit, nor do the formal mechanisms that are
spelled out encompass the contingencies and
conditions or the “informal” arrangements that
also affect the achievement of eminence.

The intricacies relating to success have
stimulated the study of the psvchelogical char-
acteristics and scientific circumstances of sci-
entists who achieve eminence as compared to
those who do not. In studying “eminents,”
Zuckerman {1967}, BRoe {1953), Wispé
(1963), MacKinnon {15963), and Clark {1957)
used subjects who had been nominated for
the major awards or had been ranked by col-
leagues as eminent on the hasis of their con-
tributions in their respective fields. In intellect,
eminent psychologists seem to have high rat-
ings for research and conceptual ability and a
very strong professional commitment, as com-
pared to less eminent psychologists (Wispé,
1963). Unlike their less eminent confreres,
however, they are not particularly motivated
by altruism or humanitarian motives. They
appear to get started in careers earlier, have
an earlier taste of the research laboratory
{Zuckerman, 1967) and, generally, have come
under the influence of parents, teachers, and
family friends who encouraged and gratified
their intellectual drives. Careers in science are
even distinctive in other ways: they are longer,
i.e., the years during which active publication
is achieved are extended, and they move into
major universities at an earlier age {Zucker-
mar, 1967).

The disproportionate number of eminent
scientists at certain major universities has led
to the question of how much the environment
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in which one works contributes to the emi-
nence that a man receives, Crane {1965) has
documented the fact that scientists who are
at major universities are likely to be more pro-
ductive than those at minor schools and to
receive more recognition. Further, this tend-
ency is inbred and has its starting point early
in the scientific career {Hargens, 1969). Crane
{1969} has found that graduates of major
unjversities find more opportunities available
at the time of graduation. However, profes-
sional opportunities seem also affected by so-
cial-class origins, with scientists who have
lower-class backgrounds less likely to get posi-
tions at major universities than their middle-
class colleagues. Scientists graduating from
major universities have maore abundant and
mare profitable work opportunities throughout
the course of their careers.

Additionally, the prestige of the depart-
ment in which one works is, along with the
quality of work, a prominent factor in the
recognition received {Cole and Cole, 1987).
Since quality of work is more highly rewarded
than quantity, the less creative scientists are
siphoned off.

Can scientists manipulate the recognition
they receive? It is generally accepted that such
a phencmenon as “sciencemanship” exists in
science, and that “visibility” can to some extent
be promoted {Cole and Cole, 1968). This pre-
sents an interesting ethical problem for scien-
tists. Ideally, merit should be the basis of
reward, but they have become aware that
salesmanship and a business ethic are often at
play in the reward system {(Eiduson, 1962},
Further, as Merton has postulated {1968} and
Cole documents (1970), the “Matthew Fffect”
is a powerful mechanism. That is, those per-
sons who receive recognition continue to do so,
the process of cumulative advantage operating
in science.

Once eminence is achieved, career activi-
ties seem inevitably changed. For example,
greater demands for lectures, for advisory and
organizational commitments, for traveling en-
tice the individual out of research and out of
the activity which led to his eminence initially
{Straus and Radel, 1969; Zuckerman, 1967},
Even patterns of collaboration are affected.
Nobel Prize winners engage in more collabora-
tion at every stage of activity, even though
collaboration stresses are greater after the
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award and sometimes collapse (Zuckerman,
1987). These changes in collaborative behavior
patterns change in work practice and role ae-
tivity after the reward is achieved. Productivity
itself is often reduced, especially in the case of
persons who are made eminent by the Nobel
Prize, as compared to persons who were al-
ready eminent.

Alternate Career Patterns

Although the outlines of scientific career
patterns remain sketchy and uninvestigated in
many areas, it must be noted that what data
have emerged represent the sitvation for the
male, Caucasian, American scientist. Few stud-
ies exist on women, blacks, or foreigners—
the minority groups in the sciences. Some
of these groups, e.g., the women, are not nu-
merically in the minority at every stage of
career development: there are more female
sociclogists than male in graduate schools, but
their attrition rate is high so that fewer women
emerge as Ph.D.’s. In general, however, career
development in both the social and behavioral
sciences, as well as in the natural sciences, has
a different course for these minorities, and thus
their career structure is frequently called de-
viant. Basic to the observable differences in
number, and in attainment, is the lack of social
approval and encouragement of a career choice
in science, the lack of good professional models,
as well as the limited opportunities for work,
for equal conditions of work, and equal rewards.
Thus, the conditions for enlering careers and
for developing along professionally accepted
lines are discriminatory.

Studies which have elaborated the nature
of the uneven practices faced by minority
groups have focused on development once in
science, There has been very little work on
the earlier familial and societal constraints
which have mitigated against the entrance of
certain populations into science, or even the
consideration of it as a viable field for work.
Inferences about this can he drawn, of eourse,
from the skewed representation of certain
classes and membership groups, as compared
to others, “Hard” data on this matter exist
mainly in absentia.

As one moves into the question of level
of professional work attained, there is a he-
ginning documentation of the one-sidedness
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of practice. Science has, for example, been
considered a masculine profession, Mme. Curie
and Gerta Cori notwithstanding, In fact, so
consistently has science been identified as a
masculine field that women who enter and
develop competencies have been thought to
be worthy of special investigation {Helson,
1965, 19674, 1967b, 1971},

As the academic communities have begun
to examinc their cmployment practices, they
have routinely noted the very small proportion
of women faculty members, especially in sci-
ence, as compared to those in the humanities
area. Even in socielogy, which attracts a high
female graduate population {Rossi, 1965;
1970}, the numbers of female faculty mem-
bers are disproportionately low. In addition,
academic status and the rank achieved are
lower. Rossi points to the self-perpetuating
mechanism at work in these situations: with so
few models who attain the rank that men do,
female graduate students are inevitably “turned
off.”

The picture is not particularly different
in industry, especially in the natural sciences
and engineering fields (Perrucei, 1970} or in
other fields of endeavor (Bachtold and Wer-
ner, 1970; Epstein, 1970). Differentials in
income, rates of advancement, opportunities
for flexible work schedules, etc., are more cus-
tomary than rare.

In tracing the genesis of these attitudes,
well-known historical biases are found con-
temporanecusly, For example, differences be-
tween men and women in mathematical and
scientific abilities, though as vet without basis
in faet, are attitudinally sex-linked. Thus, girls
interested in these areas ave discouraged more
by their mothers (with whom they must iden-
tify in many other respects), while fathers
apparently are less disapproving {Rossi, 1965).
While data showing genuine sex differences in
abilities demanded by science are weak, an-
other line of study suggests that able men
and women in any profession are remarkably
similar in aptitude, interests, and personality.
Helson's (1967b, 1971) and Bachtold and
Wemmer's {1970} findings show that creative
men and women in scientific professions are
more like each other than they are to noncre-
ative men or to noncreative women respec-
tively. In personality and cognitive factors,
significant differences occur between creative
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women and noncreative women {girls studied
were in both science and humanities areas).
Retrospective reports of early experiences also
show some of the family factors and interests
supporting these differences. Interestingly,
when siblings of creative women are studied,
the latter arc shown to be more similar in cog-
nitive development to their brothers than to
their sisters. Scores on the California Personality
Inventory suppoit the greater number of com-
mon denominators between successful women
and successful men, as compared to successful
adult women and female college students.

Work on career practices in regard to
black scientists are also just beginning to doc-
ument the differences in career patterns
{Wispé, Ash, Awkard, Hicks, Hoffman and
Porter, 1969). Educational training which pre-
pares the black for a science career is different
and unequal. No studies exist on career lines
of other racial minorities, or of psychological
minorities such as homosexuals, or of national
minorities such as the foreign-born, but inves-
tigations undoubtedly will be extended to cover
the groups. Of interest in this latter regard is
Grubel and Scott's (1967) isolated study of
economists which points to the superior attain-
ment in both position and financial remunera-
tion for those men who received Ph.D.s from
foreign universities, Although this singular find-
ing may be a function of a specific historical
period or a specifically qualified group, more
elaborate work on the “brain-drain” group of
scientists may wvalidate this result {Wilson,
personal communication, 1969},

In a rather free sense, the “new” scien-
tists, the highly politicized young people com-
ing into science, may also be called a minority.
Do these people share the same motivations,
interests, and drives as do the professionally
older group? Some of the anxieties about their
motivations, and the effect of these motivations
on performance, are voiced by the older seci-
entists, who have, in fact, labeled these young
people as “gentlemen scientists” { Eiduson,
1982). Their persistence and dedication, and
their commitment has been brought into ques-
tion. Yet, their impact on the more formal
scientific professional organizations is already
in evidence {ef. American Association for the
Advancement of Science Committee of Young
Scientists; Scientists and Public Policy Ses-
sions, etc.)
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ROLE CONFLICTS AND
ALTERNATIVE ROLES

Conflicts in Role Activity

In any professional career in which the
professional hLas the intense investment, the
dedicated, long-term commitment, and the
great zeal that scientists have for their work,
one would suspect that the work situation is
fraught with heightened tension and conflict on
the one hand, and thrills, enthusiasm, and deep
satisfactions on the other. So much of the man
is tied up in his work that many of the anxieties
he has about himself, as well as about his per-
formance at work, get expressed (Eiduson,
1962).

The emotional behaviors of scientists, their
anxieties, conflicts, and other psychological re-
actions, seem to have become of particular in-
terest because scientific activity itself is re-
garded ag rational, objective, and logical; by
extension, these same characteristics are pro-
jected upon the scientists, Empirical study,
liowever, has shown that the same characteris-
tics do not necessarily describe the attitudes
and behaviors of the men who work within the
scientific method. Like other areas of work, re-
search has its moments of excitement, thrill,
elatedness, depression, unhappiness, and anx-
iety.

Hagstrom (1965} has shown that scien-
tists do develop a variety of mechanisms which
ideally help keep petformance at an even keel
and make exchanges with colleagnes smooth,
There are referees, standard ways of communi-
cating results, and recognizing excellence.
However, a great deal of conflict, particularly
of a competitive nature, is generated because
the rewards for discovery and cutstanding per-
formance are s highly valued, In addition,
evaluation of scientific performance is not in-
variably fixed. Many ambiguities about sig-
nificance exist, priorities become all-important,
and the single individual's contribution to dis-
covery in this age of group research is often
difficult to assess.

The literature on emotional reactions has
heavily, and perhaps unduly, focused on such
feelings as rivalry, competitiveness, jealousy,
envy, and ambivalence toward colleagues. Un-
doubtedly, this emphasis has mushrnomed be-
cause the values of science lean so heavily on
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personal disinterest, universalism, and selfless-
ness {Barber, 1961; Merton, 1957b; West,
1960}, The reactions of the man who is in.
vested in work, his lability, narcissism, feel-
ings of omnipotence, seem incongruent to the
rational, logical, orderly pursuit of a research
problem.

Reif {1961} vividly describes scientific
competitiveness through showing the efforts
generated to maximize and even promote suc-
cess, and the depression and feelings of im-
potence that result when competition has not
been successfully met. Often, under competi-
tive circumstances, or when the man himself
is driven mercilessly, the exchange of infor-
mation is guarded, and privacy is overpro-
tected. The information overflow and the
enormous growth in number of scientists have
undoubtedly intensified the need to accelerate
the drive to succeed (Price, 1963). However,
Merton {1957a), relying on the perspective of
history, convincingly shows that seientists have
always been threatened at the thought of “be-
ing scooped.” And he notes further, that with-
out the investment that such attitudes reflect,
there is question whether the drive for achieve-
ment and accomplishment would be so sus-
tained or so fruitful.

Scientists are aware, of course, of the pay-
off for outstanding achievement. In addition to
the direct contribution to new knowledge, a
basic motivation which is often taken for
granted and goes unvoiced, is the rapidity of
rise in science. Much of their future roles as sci-
entists tumns on discovery. Honors, awards, ap-
pointments, advisory pasts, mohility, friend-
ships, editorial and organization involvements
are correlated with recognition and visibility
{ Cole and Cole, 1968; Crane, 1969; Glenn and
Weiner, 1969; Straus and Radel, 1969).

The zest for being the great discoverer of
new knowledge is part of the scientist’s identity
with his creative forebearers; yet their great
performance becomes the ideal for making the
scientist feel inadequate to his own task
(Glaser, 1964), Scientists adapt with varving
degrees of success to such pressures. The sei-
entist can be greatly motivated to maintain cre-
ativity, and vyet this is not invariably accessible
to all, not only because of human limitations,
but also because of the growing specialization
in science, the short half-life of ideas, and
the rapidity with which instrumentation and
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equipment become outdated (Reif and Strauss,
1963).

Notwithstanding the significance of the
research milien or the institutions of science
for contributing to the scientist’s plight, the
psychology of the individual scientist plays
heavily on what he does and how he reacts.
Kubie (1953} has pointed this out lucidly,
noting the individual differences in the ways
that scientists respond to tensions within the
seientific situation and the individual pressures
which arise to influence career growth. Upon
clinical analysis, these reactions often appear
to be related to unconscious neurotic factors
traceable to childhood fixations and conflicts.
Relationships with supervisors in the laboratory
rearouse conflicts with authority figures of the
past, e.g., fathers, mothers, or siblings. Atti-
tudes and unresolved relationship difficulties
are readily transposed and projected to col-
leagues and peers. Overinvestment in work, or
inhibition, contains earlier unresolved sexual
and aggressive components ({McClelland,
1962). Even choice of scientific preblems may
have neurctic determinants as well as reality
based elements {(Kubie, 1953; Roe, 1953,
1957).

Although the conflicts and personal prob-
lems found among scientists are not different
from those found in other populations, they
are differentiated in two ways: (1) the scientist’s
overcommitment to work gives them expression
primarily in that situation, and thus the severe
intensity of hostilities, jealousies, competitions at
work; and (2} because the scientist’s sense of
personal identity is derived from his being a
scientist, the tensions and conflicts in this area
affect his self-perception and his self-attitudes.

Role of the Research Environment
on Creativity

It is known that what an individual does
is also affected by the conditions under which
he performs. Studies of the scientific research
organization have suggested that some envi-
ronmental situations and work arrangements
can stifle spontaneity and original produetivity,
while others are more conducive to ariginal
work, This has encouraged the search for fac-
tors in erganizational arrangements which tend
to influence scientific performance.

Studying more than thirteen hundred sci-
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entists representing different levels of profes-
sional skill at eleven research and development
laboratories in government, industrial, and aca-
demic contexts, Pelz and Andrews (1966)
found that the most creative environment was
not totally without anxiety-producing elements.
Using the phrase, “creative tensions,” Pelz and
Andrews expressed the notion that achieve-
ment was high under conditions that seemed,
on the surface, rather incongruous, for they
included both sources of stability, confidence,
ot security, and disrupting tensions. These ten-
siong existed in regard to amount of time avail-
able for research activities, extent of interaction
with colleagues, group climate, distribution of
effort among projects, participatory rele in
formulating research geals, and degree of au-
tonomy in coordinating activities. Interestingly,
the optimal situation was not identical for all
scientists, Maturity, experience and technical
role influenced the scientist’s response to cer-
tain conditions, Andrews (1965), analyzing a
subset of these data, found that scientists who
were involved in restructuring knowledge re-
sponded favorably to having some control over
the communication, activities, and manipula-
tion involved in their work. Their performance
did not correlate positively with creative apti-
tudes unless these conditions were met.

Freedom of the environment has gen-
erally been considered necessary for innovative-
ness. Classically the academic milieu was
thought to be most conducive te this free-
dom; however, Ben-David (1960} and Gilfil-
lan {1935} have suggested that this relation-
ship is a spurious one, and that more marginal
academic departments provide a greater spur
to creative work. An analysis of work in social
science areas has borne out this thesis {Gordon
and Marquis, 1966). In identifving the factors
accounting for greater innovation in marginal
settings, Gordon and Marquis found that merely
maximizing freedom was not a sufficient in-
ducement to creative work. Only when there
Is impetus to innovate and the impetus occurs
in organizations where there is visibility of the
consequences of the research, does freedom
serve as a powerful device. It is for this reason
that often marginal institutions, such as hos-
pitals and clinics, produce extremely imagina-
live and creative research; the administrator
who must justify a research program encour-
ages products of unusual merit.
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Working in organizations which have their
own goals, and which, in turn, are structured
into subunits, each of which has specific goals,
often generates conflict for the scientist. The
values and interests of science are not always
identical with, nor even compatible with, the
orientation of his organization or some of the
subgroups within the organization. Thus, the
value of publications, the lines of authority and
supervision, the modes of work, the career lines,
and the networks of communication may be
different for the scientist, his unit, and the
overzll organization. In 2 narrow way, the fre-
quently discussed distinction between applied
and basic research goals embodies such differ-
ences (Kornhauser, 1962).

Glaser (1963} has used Merton’s terms
“locals” and “cosmopolitans” {1957b) to sug-
gest two dimensions of orientation of the scien-
tist who works in a research context within an
institution. Glaser suggested that these two di-
mensions can actually exist within the same
individual and are not necessarily conllictful,
as Merton indicated. If the scientist is highly
motivated, he seems to be directed to various
activities and goals at different times and
places, depending on the organizational strue-
ture in which he works. If the organizational
goals embrace the professional goals of the
individual, as well as the institutional goals of
science, then obviously less conflict is gen-
erated in the scientist, who can perform within
this dual orientation.

Activities of Scientists External to
Professional Work

Studies of career behavior offer an oppor-
tunity to validate the question of whether look-
ing at the scientist’s activities away from the
desk provides evidence of {I) the kinds of
outside activities and relationships in which he
invests himself; (2) the degree to which he is
otherwise occupied; and (3} the emotional
gratifications or tensions and conflicts other
activities provide. These, then, can be com-
pared to bench behaviors and attitudes.

Undoubtedly, one good index of the rela-
tive importance of non-scientific activities in
the life of a creative scientist is the amount of
comparative data obtained in the two areas:
“npn-bench” activities run a very poor second.
Investigalors must have felt that the essence
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of the creative individual does not reside or
cannot fruitfully be studied in non-work behav-
iors. Interestingly, however, a few aspects of
outside behavior have provoked more than
sporadic intercst, viz., religious behaviors and
political attitudes and practices, It has been
hypothesized that these areas of behavior may
serve in feedback to influence scientific behav-
iors—thus, their significance.

The studies on religion evolve from the
age-old question as to the compatibility of the
philosophy of scientific inquiry and allegiances
to authoritative dogma. The early Lehman and
Witty study (1931) is characteristic of the
simplistic nose-counting effort to establish the
nature and extent of the affiliation of science
with formal religion. Lehman and Schriver’s
{1968) recent effort is more sophisticated, at-
tempting to distinguish a level of identification
with religion through behavior-based interview
data.

A much more lively issue is the extent to
which scientists are politically involved, partic-
ularly since the whole question of the scientist’s
responsibility for the implications of his work
has been rcvitalized. The political orientation
of the scientist in various disciplines has long
been of interest since scientists as a vocational
group have been sufficiently stable to provide
a useful measure of the role of demographic
and familial characteristics on political orienta-
tion (Palmore, 1962; Turner, Spaulding and
McClintock, 1963). However, since scientists
have had an important role in political deci-
sion-making {Eiduson, 1966; Hirsch, 1968;
Storer, 1966), issues diflerentiating the scope
and purpose of basic and applied research are
not so easily dismissed. In fact, a rash of in-
quiry into the attitudes of scientists on a host
of contemporary political questions has been
menerated (see e.z., Hughes, 1965; Ladd,
1970; Nichols, 1969; Selvin and Hagstrom,
1965; Teich, 1669). In addition, the impact
of the professional role and the resources scien-
tists as a group can bring to political problems
has begun to be investigated {Barber, 1965;
Beer and Lewis, 1963; Ezrahi, 1969; Gam-
son, 1968; Morison, 1969).

Perhaps the discussion of the dichotomy
between the societal consequences of scientific
activity and scientific activity itself will also
lead to more research on the role of scientific
work in the life of the mature scientist,
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To date, this area has scarcely been ex-
plored, suggesting that the hiatus between the
pursuits and culture of the humanists and sci-
entists is as wide as Smow (1959) has de-
scribed so vividly. Once the role of work in the
life of the mature, well-endowed, well-function-
ing scientific individoal is better defined, per-
Liaps the interplay between career development
and outside interests and relationships will be
documented with some of the thoroughness that
now is found in the studies of the eurly aspects
of career development and professional iden-
tification in medicine. The studies of Becker
(1962, 1964) and Becker, Greer, Hughes, and
Strauss (1961} have been particularly useful in
showing how the development of some profes-
sional careers capitalize on personal and social
interests and experiences that occur during
adwlescence.

Undoubtedly leisure time and personal re-
lationship areas will come to the foreground
as scientific practices and expectancies of per-
formance change as they appear to be doing
at the present time (Fiduson, 1962; 1966).
The aging and retiring scientist also offers a
unique opportunity for exploring the aging
process and geriatric development of the well-
endowed person who has invested heavily in
the professional aspects of his life {Kerr, New-
man and Sadewic, 1949; Pressey, 1955).

CONCLUDING REMARKS

The questions asked in the studies on the
psychology of persons going into science are
important cnes. On their answers rest poliey
decisions about the identification and utiliza-
tion of human resources. Their answers also
reflect some pressing academie issues: the Toles
played by early predisposition, events, and
traits in the formation of the identity of the pro-
fessional adult; the nature of the socialization
processes which lead toward a carcer; the con-
sistencies and vagaries of aspccts of psycho-
logical growth and deveclopment; the develop-
mental course of life styles and of theiy
maintenance in the highly endowed and well-
functioning individual.

Data that have thus far emerged cn the
scientific career are dangerously seductive. Re-
sults obtained by diverse orientations, methods,
and investigators are remarkably convergent. Tt
is tempting to regard the findings with scientific
closure, denying the splintery substructure, and
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the thinly glossed-over contingencies on which
they rest. There is power, but alsa pitfall, in
consensually-validated information.

A critical look at the work as a body in-
dicates that most studies are at best deseriptive,
a few, comparative, and very few, predictive,
Further, even the descriptive studies produce
a picture of the scientist and the factors influ-
encing movement toward career and work per-
formance that is a composite, unevenly drawn
from a variety of studies which have made
quite different assumptions in selecting their
original pepulations and their strategies.

Thinking about the process of socialization
toward a professional career is not as vet very
sophisticated. This is evident, for example, in
the choice of variables initially selected for
study, and in the homage investigators have
paid to those factors which appear to be sali-
ent. Their theoretical importance has some-
times been difficult to interpret which is, in
part, 2 reflection of ambignous and uninspired
theoretical underpinnings. Even a eircum-
scribed historical look at wvariables appearing
to be significant for scientific career develop-
ment show a number which were catapulted
into remarkable, but temporary, importance.
By and large, investigations to date have of-
fered little hard data, but have generated sug-
gestions for future work which might chviate
recognized shortcomings in studies conducted
so far. For example, one has merely to list the
populations employed in studies on scientists
—the fledgling scientist, the mature well-
functioning scientist, the creative versus nen-
creative scientist, the scientists in academia
versus industry, the physical scientist (sub-
grouped by discipline usually) versus the so-
cial and behavioral scientist (similarly sub-
grouped ) —to become sensitive to the need
for some methodological refinements. If all
these groups can tell us something about the
development and performance of “scientists,”
each must be sufficiently studied so that find-
ings then can be meaningfully inter-related.

Similarly, longitudinal strategies could
contribute much to career developmental is-
sues, The course of developmental factors
which appear to be important predispositions
for science have not been charted as vet, al-
though this would appexr to be a requisite for
understanding how professional socialization
behaviors develop.
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In addition, the significance of context for
the scientist’s role must be systematically ex-
plored so that comparative studies of the psy-
chology of the scientists in different work
settings can be meaningfully understood. If
different fields of science have different “de-
mand” characteristics and call out different
behaviors, these must be made explicit.

Also, the data sources used in scientifie
studies—retrospective data, cwrrent data, and
projected data—have not been carefully re-
lated to each other. Therefore, we are left not
knowing whether one can scientifically trans-
pose or combine data collected from the various
time frames. Further, the old myths of the sci-
entist as a unique individual, somehow moti-
vated by dynamics different from those which
characterize others seems somehow to have
been unconsciously accepted by those persons
investigating the psychology of scientists. How
else could one explain the assumption under-
lying most studies—i.e, that whatever is
learned about scientists characterizes scientists
rather than professional persons, or high
achieving persons, or well-endowed individuals
who pursue intellectual careers?

For all these limitations, the work on ca-
reer and scientific interest remains compelling.
It is one of the few areas in which the “nor-
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PART TWO / YARIABLES
INFLUENCING CAREER
CHOICE IN SCIENCE






A. Child’s Social Matrix

[ntroduction

Examination of early history and family background of fledgling scientists rests
on the assumptions that (1) certain conditions in the family and home milieu are con-
ducive to building interests, attitudes, values, and predispositions that would be felioi-
tous to a scientific career; and (2) that these can be agreed upon and identified at
various early stages of individual development. These admittedly speculative state-
ments have encouraged the approaches described in this section.

The articles by Datta and West explore the saliency of single variables that have
been implicated in the literature as conducive for a later choice of scientific career.
They look for distribution patterns in scientific populations which would support their
postulated significance. By contrast, the latter two articles are postdictive, i.e., using
scientist and nonscientist populations, a large number of biographical items are exam-
ined to see if any discriminate between populations.

Datta’s selection of birth order follows previous studies on the high frequency of
firstborns among eminent persons and high achievers. A disproportionately high per-
centage of eminent men have been firstborn or only children, Rhodes scholars {Ap-
perly, 1839; Jones, 1931 ), or have attained unusual achievements { Altus, 1965; Harris,
1965; Krinsky, 1963; Sampson, 1965). A number of studies support these data for
research scientists too (Roe, 1953), However, the question has been raised as to
whether being firsthborn or having the physical and psychological characteristics of
“onliness” is the salient feature ( Schacter, 1963 ). Using a subset of high school seniors
from the Westinghouse Science Talent Search applicants, Datta explores whether or
not the hypothesis derived from studies of adults—that potential scientific creativity is
associated with being firstborn—is also true of adolescents. Her results do not support
the hypothesis. However, she did note an inhibiting influence on the younger son who
was more isolated. It appears that for a considerable range of family size, sibling sex,
sibling separation, and ordinal position combinations, any “favorable” effects of one
ordinal position appear to be as susceptible to attenuation by other influences as any
“unfavorable” effects of another ordinal position.

In a similar vein, West has studied frequency of birth order in a sizeable sample
of adult scientists in various research organizations. His work shows that the fre-

37



YARIABLES INFLUENCING CAREER CHOICE IN SCIENCE

quency of first, fifth, and sixth orders of birth are bound to be enhanced, and fre-
quencies of the second, third, and fourth orders depressed, relative to chance expec-
tations. Also, comparison of the sample distribution in number of siblings with the
distribution expected from the general population demonstrates a rapid decrease of
the ratio of observed to expected frequency with increasing size of sibship. These lat-
ter data would thus support the hypothesis that either relative isolation in childhood
is a prerequisite for a successful pursuit of research or the hypothesis that mothers of
scientists tend to have fewer children than other women.

Although such studies suggest that even patent variables are not necessarily ex-
planatory of later scientific work choice, the biographical approach to the identifica-
tion of scientific talent does seem promising when applied to a variety of situations
including different lahoratories, age groups, and fields of specialization. Taylor and
Ellison describe one of the most sophisticated attempts to arrive at a biographical in-
formation sheet or questionnaire whose items are discriminating for various criterion
measures of successful performance and accomplishment in scicnee. Terman’s well-
known article is included here because it was an early effort in this direction. The
longitudinal approach in this study permitted the followup of approximately 800 male
members of a gifted group who had been selected in childhood for study on the basis
of an intelligence test. Thirty years after the study was initiated, the vocational history
of the subjects permitted Terman to examine retrospectively the items of information
that might differentiate those subjects who became scientists from those who did not,
as well as various subgroups of the scientists. The study is important for two reasons:
(1) There was no attempt in 1921 to select subjects on the basis of variables which
differentiated between scientists and nonscientists; the aim of this undertaking was
much broader and more general, i.e., its aim was to identify the characteristics of chil-
dren who were rated in the top 1 percent of their respective ages in general intelli-
gence. (2) Also, the examination of more than 500 biographical items provided a
relatively poor yield of background variables that were discriminating for scientist
and nonscientist groups. As Terman points out, many of the variables which did not
vield significant differences closely resemble those variables which met statistical test,
thus forcing caution in the interpretation of results.
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Birth Order and Potential Scientific Creativity

Lois-ellin Datta

The data discussed in this paper were
collected during the initial phase of a study on
the development of potentially creative scien-
tists. The primary question during this phase
was whether variables such as personality
traits, early experiences with peers and parents,
and cerlain demographic factors which had
been reported either to characterize unusually
eminent men or to distinguish more and less
eminent persons would also be found as early
as the senior year of high school to differentiate
young men of high potential creativity in sci-
ence from those who demonstrated less poten-
tial creativity in science; that iz, whether hy-
potheses developed on the basis of adult data
would apply to fledgling scientists,

Many investigatlors have assumed that it
is reasonable to expect and to find a relation-
ship between z particulur ordinal position in
the family and eminence, primarily because
the role assigned to the first borm has been
thought 1o influence the formation of person-
ality characteristics relevant to unusual attain-
ment {Altus, 1966; Harris, 1965; Krinsky,
1963; Sampson, 1965). Yet the impact of birth
order on personality would have to be extraor-
dinarily powerful to contribute significantly to

Reprinted with permission of the aathor and the
American Sociclogical Asscciation from Seciometry,
1968, 31:76- 85,
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the prediction of atltainment without regard
to capacities or tu the environmental conditions
to which the individual was and is exposed.
Despite this objection, evidence in favor of a
possible association between scientific eminence
and birth order was presented consistently in
early studies; recent evidence is less convine-
ing, One possible difference is cultural change
but another is inherent in the nature of the
studies themselves.

In the earlier work, a predominance of
first born or only children was reliably found
in such samples as men starred in Americen
Men of Science {Bello, 1954; Cattell and Brim-
hall, 1921; Galton, 1874; Roe, 1952; Visher,
1947}, The proportion of first borns in these
samples was not compared with the proportion
among noneminent men in the same profes-
sion; thus these reports do not unequivocally
demonstrate a relation between scientific erni-
nence and birth order in the sense of covariation
(Datta, 1966). As Schachter (1963:757) has
pointed out, the assoctation between birth or-
der and eminence as shown in these reports
may be a methodologieal artifact, “. . . simply
a reflection of the fact that scholars, eminent
or nol, derive from a college population in
which first borns are in marked surplus.”

The evidence from the recent studies com-
paring eminent and less eminent men is incon-
sistent. Bt has been reported that first borns {as
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compared to all later boms) are not overrepre-
sented among mare crestive industrial research
chemists (Stein, cited in Harris, 1965:254)
and eminent psychologists (Chambers, 1964);
that highly creative architects tend to be first
borns rather than only children or later borms
(Cratk, 1961}; and that first-sons-but-not-
oldest children and middle children are over-
represented among more creative chemists
{Chambers, 1964). In these studies, however,
comparisons are based on simple preportions
for mare and less creative men rather than on
the disctepancy between ohserved and ex-
pected frequencies computed for family size
distributions, so variations in family size could
obscure otherwise significant tendencies or ex-
aggerate otherwise slight differences. Constder,
for example, the report that the eminent chem-
ist was more likely than the control chemist
to be a middle child. Larger families for emi-
nent chemists would favor the obtained differ-
ence since the probability of being the middle
child increases as family size increases while
the probability of being the oldest child or
the voungest child decreases.

The study reported here attempted to
determine whether the ariginal hypothesis that
there are particular advantages associated with
the position of being first born, which was
based primarily on adult data, applies to young
scientists when adequate control groups and
adjustments for family size are used. A second
objective was to test whether other patterns
of family structure are differentially associated
with creativity,

METHOD
Subjects

More attention has been paid in the litera-
ture to problems in the selection of creative
sutbjects than to problems in the selection of
control subjects, although the nature of the
control group has varied most and thus is criti-
cal in studies comparing more and less creative
individuals. Too homogeneous a sample may
fail to reveal differences that would appear in
a group ercompassing a greater range of cre-
ativity, Greater heterogeneity, on the other
hand, may be associated with variables other
than creativity which are themselves related
to the factors under study, The degree to
which differences appearing in such heteroge-
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neous groups are attributable to creativity
rather than to the correlated other variables is
often difficult to estimate.

The population selected for study was
Westinghouse Science Talent Search appli-
cants. This competition is aimed at discover-
ing, “. . . boys and girls whose scientific skill,
talent and ability indicate potential creative
originality. . . .” The primary reason for choos-
ing the Talent Search group was the availabil-
ity of a product criterion of creativity, Such a
criterion would appear to have more in com-
mon with the criteria by which adult samples
of creative scientists have been. identified than
would (a} the largely unvalidated “creativity”
tests available or {b) the other measures such
as teacher and peer ratings which have been
used in studies of creativity in adolescents.

The origina! experimental design involved
variation of creativity and scientific aptitude
and required at least four groups of young sci-
entists: high aptitude, high creativity; high
aptitude, low creativity; low aptitude, high
creativity; low aptitude, low creativity. A pilot
study indicated that there were no low apti-
tude, high creative subjects in a randomly se-
lected Talent Search sample, We then at-
tempted te obtain a group of high aptitude
students that was as heterogeneous as possible
with regard to early scientific creativity with-
out also having correlated differences in in-
terest in science, scientific knowledge, and
general scholastic attainment.

The sample of young scientists was se-
lected from high school seniors who competed
in the 1963 Waestinghouse Science Talent
Search (8TS). Of the more than 2500 male
applicants, the 573 young men scoring above
the 80th percentile on a science aptitude test
(SCAT) devised by Science Service, Inc. were
selected for further study. Only male appli-
cants were considered since there were too few
high aptitude female students for the study
contemplated.

Each of the subjects had submitted to the
Talent Search a report describing his inde-
pendently conducted research project. This
project was initiated by the student and con-
ducted by him over as long a period as he felt
necessary, ranging from a few weeks to three
years., The projects were scored for “creativity
and potential creativity” by the §TS judges.

The standards for this judging have been
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refined over the period of 22 years since the
competition was initiated. The judges were
selected on the basis of their acknowledged
eminence in one of the following fields: biology,
chemistry, mathematics, medicine, psychology,
psychiatry, and physics. Each student’s project
was rated independently by pairs of judges
expert in the area of science concemed. The
judges assigned each project a letter grade
ranging from A, “Unusually original,” through
D, “Pedestrian,” and E, “A poor essay; rehash
of material read with little evidence that it was
absorbed; thinking obviously not straight.”
A 14.0 (A) to 1.0 {E~) scale was used to ob-
tain numerical equivalents of the judges rat-
ings.

Although some of the projects were judged
to be of adult professional caliber, the major-
ity of the ratings indicate potential creativity
as demonstrated by the way in which the stu-
dent went about the work and by the original-
ity and value of the project in terms of infor-
mation and equipment available to high school
seniors. We will thus refer to the “potential
scientific creativity” ratings of the projects.

On the basis of the project ratings, the
sample was divided into three groups to rep-
resent different levels of potential seientific
creativity. Group I, High Potential Creativity,
includes 112 subjects whose project scores
range from 14.0 to 9.5 (A to B—); Group II,
Moderate Potential Creativity, includes 137
subjects whose project scores range from 9.0
to 6.5 {C+ to C—); and Group I11, Low Po-
tential Creativity, includes 287 subjects with
project scores of 6.0 and lower (D+ to E—}.
Since the selection procedures were not con-
sistent with those of the Science Talent Search,
the group will be referred to as the Young Sci-
entist sample (YS).

Comparisons {a} between the selected

sample and a sample of noneligible male ap-
plicants and (b} among groups I, II, and III
indicate that the sample includes students at
the high and low extremes of the distribution
of creativity ratings for the population of male
STS applicants, without correlated variance in
sctence aptitude and verbal and mathematical
achievement.

fa) Examination of the project ratings
of a sample of young men who scored below
the 80th percentile on the SCAT indicated
that lowering the criterion of eligibility for the
YS sample would increase the number of sub-
jects in Y8 III without a proportional increase
in the number of subjects in YS§ 1, thus reduc-
ing the science aptitude scores of the less cre-
ative subjects to significantly below the scores
of the more creative subjects. None of a sample
of students with SCAT scores in the lowest
20th percentile and few students in a sample
of applicants with SCAT scores in the inter-
mediate ranges submitted projects judged as
high in potential creativity. The mean project
rating of the 287 high aptitude, low creativity
subjects {3.5) is not significantly different from
the mean project rating (3.6) of the sample
of 227 noneligible subjects. The YS sample
thus includes virtually all of the “high creative”
subjects and a group of 287 subjects whose
creativity ratings were as low as those of the
noneligible sample.

(b) In Table 1 are given the mean scores
and p values for the F ratios of the project
ratings, the SCAT, and of the Scholastic Apti-
tude Test—Verbal {SAT-V) and the Scholas-
tic Aptitude Test—Mathematical {SAT-M)
administered by the Educational Testing Serv-
ice for Groups I, II and I11. Analysis of vari-
snce comparisons showed that there are no
significant differences among the groups on
the measures of scientific and scholastic apti-

Table 1. Scholastic Aptitude and Scientific Aptitude Test Scores of 536 Male High
School Seniors of High (I}, Middle (I}, and Low (III) Potential Scientific Creativity

Mean scores

Measure I I i P
Scientific aptitude (SCAT} 67.6 68.0 65.6 (VR
Verbal aptitude {SAT-V) GRE.8 685.6 674.4 4.
Mathematical aptitude { SAT-M) 721.9 7227 721.2 .5
Fotentigl seientific creativity rating 10.9 7.3 35 001
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tude and that the project ratings differ signifi-
cantly (F=169.8, p<.001). Students in the
three groups are similar in scientific aptitude,
in verbal and mathematical ability and indi-
cated equal interest in becoming scientists.
They difler reliably, and, in terms of the judges’
descriptions, meaningfully on demonstrated po-
tential for scientific creativity.

Procedure

A four hour battery of personality, atti-
tude, and social history questionnaires was
administered by mail at the time of high school
graduation to each of the subjects, Complete
returns were received from 95% of YS I, 92%
of Y5 11 and 94% of YS III subjects. The birth
order information was obtained from the social
history questisnnaire.

This report will not attempt to include a
full survey of the social background character-
istics but will mention a few findings to help
describe the YS sample. The students’ average
age at high school graduation was 17.7 years.
On the basis of the Scholastic Aptitude Test
scores {Verbal and Mathematical}, the YS
sample is clearly of high intelligence; the
SAT-V and SAT-M means shown in Table 1
are above the 99th and 97th percentiles for
male high school seniors, respectively (Dug-
gan, 1982). More than 53% of the fathers are
in the professions, a significant departure from
the 12% found in the general population.
Parents of the YS sample are highly educated;
about 25% of the mothers held college de-
grees, as contrasted with 5% of the women in
the gencral population, and about 29¢ of the
tathers hold bachelor’s degrees, with an addi-
tional 22% recipients of advanced degrees,
about five to six times the national average.
An estimate of the father’s sociceconomic status
(SES} based on the Hollirgshead-Redlich Two-
Factor Index (Hollingshead & Redlich, 1958)
indicates that the total YS sample comes dis-
preportionately from the higher sociceconomic
groups: a total of 598% were classified as SES
I and II as contrasted with 8% found in a
New Haven sample. Of the total YS group,
only 12% came from homes broken by death,
divorce, or separation, somewhat lower than
national averages. There are ne meaningful
differences among the three subgroups on any
of these variables nor is family size or number
of first borns related to socioeconomic status.

Kennedy {1961} has urged that high ap-
titude, high attainment students be studied if
we are ”, . . better to understand the charac-
teristics which combine into scientific genius.”
While the YS group is clearly a high aptitude,
high attainment sample, at least two questions
may be raised concerning its use in a study of
birth order effects.

Homogeneity. The YS group is homoge-
neous for both scholastic aptitude and socio-
economic status. Homogeneity in these respects
does not necessarily mean insensitivity to hirth
order effects, Nicols (1962) has shown that
the association of birth order with scholas-
tic aptitude is greatest in homogenecus samples
of high achievement subjects: the National
Merit Scholarship test scoxes were higher for
first borns than for later borns among the NMS
winners but not among the samples of students
scoring in the middle and lower thirds of the
test distribution. The association of birth or-
der with motivation and achievement also ap-
pears greatest among children from high in-
come families; Levinson (1983) found that
only among children from upper and middle
class families did first horns have significantly
higher reading achievement scores than later
borns, and Roser: {1959) has reported similar
results for achievement motivation, If creativity
is affected by factors similar to those associated
with achievement motivation or scholastic at-
tainment, it is reasonable to expect birth order
effects in the YS sample.

Generalizations. The second question con-
cerns generalizations from self-selected sam-
ples. There is no adequate information avail-
able on birth order for an unselected sample
of 8TS applicants or for high school seniors in
general.  Although there are considerable
methodological problems in comparisons of
birth order data, the proportion of first borns in
the YS sample is similar to those reported for a
nationally representative sample of undergrad-
vate and graduate college students {Schachter,
1963).

RESULTS

In Table 2, the number of first born sub-
jects for each family size is given for the three
groups. To test the hypothesis that the surplus
of Hrst boms is greatest among young scientists
rated high in potential scientific creativity, (1}
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the expected frequency of first horns was com-
puted by assuming that the proportion of sub-
jects in each ordinal position would be equal
for a given family size in an unselected group,
e.g., that 25% of the students from four-child
families would be first born, 25% would be
second born, and so on. As shown in Table 2,
with only children and subjects who are twins
and/or have twin sibs excluded from the analy-
sis, the 42 values for expected versus observed
proportians of first borns are significant at the
{01 level within all groups; (2} the number of
“expected” and of “surplus” first borns was
next compared among the three groups. For
example, of the 57 observed first boms in YS 1,
38 were “expected” on the basis of the family
size distributions and 19 were “surplus,” while
of the 69 observed first borns in Y8 11, 47 were
“expected” and 22 were “surplus,” The y? com-
parisons of the “expected” and “surplus” first
borns in YS 1 versus YS II, YS IT versus YS II1,
and YS I versus YS TII indicate that the differ-
ences amoeng groups in the surplus of first borns
are not statistically reliable. Among students of
high scholastic ability, first borns appear to be
overrepresented among young men of unusual
early scientific attainment, but not to any
greater extent than among young men of lesser
achievemment. In this sample, overrcpresenta-

tion of frst boms does not increase as potential
scientific creativity increases,

The possibility was next considered that
although being chronclogically first born was
not in any simple way related to early scien-
tific attainment, other patterns of family struc-
ture might be zssaciated with potential creativ-
ity. Three variables snggested as critical in the
literature (Apperly, 1939; Chambers, 1964;
Craik, 1561; Eiduson, 1962; Faris, 1940; Roe,
1952} were explored: other ordinal positions
{varigus combinations of only, first-son-and-
Frst-born, first-son-but-not-first-born, only son,
middle child and youngest child}; sibling sep-
aration (1, 2, 3, 4, 5 and 6 or more years from
next oldest sih): and sex of next oldest sibling,
These variables are not significantly related to
early scientific attainment; none of the 2 com-
paring the categories listed above for YS I, II,
and ITI reaches the .05 level.

Scholastic achievement, personality char-
acteristics, and parental expectations have been
found, however, to be affected complexly by
interactions among ordinal positions, sibling
separation, sibling sex, and family size {Lasko,
1954; Levinson, 1963; Rosen, 1961; Toman,
1961). To test the possibility that similar in-
teractions influence potential scientific creativ-
ity, a four-way harmenic analysis of variance

Table 2. Number of First Born Subjects by Family Size Among 536 Male High
School Seniors Rated as High (1), Middle (IT), or Low {III} in Potential Scientific

Creativity
Rating I Ir T
First el First First and  First Fivst and  First
later borns later borns iater borns
Family size borns only borns only borns only
1 13 - 14 - 47 -
2 52 35 59 as 117 76
3 24 12 37 23 59 34
4 13 7 13 s 31 13
S a 2 [ 3 10 4
6 2 1 1 1 5 4
T 0 (] 0 i) 5 1
8 1] 0 1 1 1] 0
9 0 0 i 1 1 0
Twins 5 - 5 - 12 —
N . 112 137 287
Qbserved first borns 57 69 134
Expected first borns 38 47 90
x? 9.5% 10.3% 21.5¢

® With d.f. = 1, a x® of 6.6 is required for significance at the .01 level of confidence.
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Table 3. Potential Scientific Creativity Rating Means, Standard Deviations
and Ns by the Subjects’ Ordinal Position (Older, Younger), Separation
from Next Oldest Sibling (Close, Distant), Family Size {Small, Larger), and

Sibling Sex (Male, Female)

Subject is Mean 5.D. N

0,C 8 M 57 3.2 42
0,C 85 F 6.5 3.4 59
0,C L. M 5.6 2.8 58
o,CLT 5.8 3.3 46

0,C 6.0 3.2 205
0.D, 8 M 5.6 3.5 24
0D S F 6.2 3.9 21
o,D, LM 6.5 3.0 10
oD LF 9.2 2.4 5

o, D 8.3 a.5 60
Y.C. 5 M 6.1 2.4 31
Y.C,8,F 7.2 3.2 26
Y.CLLM 6.5 3.3 44
Y,C,L.F 58 3.2 ag

Y.C 8.4 3.1 133
Y. D, 8, M 52 34 13
Y.D, S8, F 51 3.0 1%
Y.D.LLM 4.5 2.3 16
Y.D,L,F 5.5 2.4 11

Y,.D 50 2.7 52

was computed for the project scores. In Table 3
are given the cell frequencies, means and stand-
ard deviations of this analysis. As shown in
Table 4, there are no significant main effects
for family size {two-child versus multi-child);
separation (less than five years from next old-
est sib versus more than five years); position
(older versus younger in relation to next old-
est sib): and sex of the next oldest sibling.
The only significant interaction is between
posiion and separation (F=9.7, p<.05);
exact comparisons indicated that the project
scores of subjects who are distant younger
brothers are significantly lower than those of
subjects who are distant older brothers, close
older brothers, and close younger brothers, The
mean project scores of the last three groups
do not differ significantly, at the .05 level, al-
though the creativity ratings of subjects who

are older brothers with close younger sibs tend

to be lower than those of the other two groups.
Paralle]l analyses have been computed for
the family structure data for a replication sam-
ple of male applicants scoring above the 80th
SCAT percentile of the 1985 Science Talent
Search. The only significant F ratio is for the
interaction of position with separation (F=5.7,
d.f.=1,308; »<.03). This independent replica-
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tion of the A x C interaction suggests that the
one significant F of the 15 F ratios shown in
Table 4 may be a reliable, rather than a chance
phenomenon,

Table 4. Summary of Analysis of Variance of
Potential Scientific Creativity by Subjects” Ordinal
Position, Separation From Next Oldest Sibling,
Family Size, and Sibling Sex

Scurce of Variation d.f. Mean square rF
A {Ordinzl position} 1 4.5 3.4
B ( Sibling sex}) 1 29.7 2.9
C (Separation) 1 35 3
D ( Fatnily size) 1 2.1 2
AxB 1 118 1.1
AxC 1 97.2 A.7*
AxDy 1 23.2 2.3
BxC 1 T4 i
BxD» 1 3 0
CxD 1 29.7 2.9
AxBxC 1 5.4 5
AxBxD 1 7.4 i
AxCxD 1 215 2.1
BxCaD 1 29.7 2.9
AxBxCxD 1 5 0
Within cells 434 10.0 -

* With 1, o d.f., Fs of 3,84 and 6.683 are required
for significance at the .05 and .01 levels of confidence,
respectively.
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As would be expected, the A X C inter-
action is significant in the analysis of the com-
bined 1963 and 1965 data (F=12.5; p<.01,
df.=1,758). This analysis also yielded a sig-
nificant position by separation by family size
interaction (F=5.7, p<.05): the A X C in-
teraction is greater in larger families than in
two-child families. While it seems reasonable
that the impact of birth order might be
smaller in two-child families than in larger
families, this interaction is dependent on an
extremely high mean in the smallest cell (older,
distant, female, large; N=8). Further studies
may indicate that size of family and the com-
bination “close, older” are related to early
achievement; the most reliable positive finding
in the 1963 and 1965 samples is the lower
creativity ratings of the “distant, younger” stu-
dents.

Considering possible factors in the lower
attainment of the distant younger sons, we
note that in the YS sample, general intelligence
as measured by the SAT-V and SAT-M is not
related to the potential scientific creativity rat-
ings, and there is agreement in the literature
that among adults matched for education and
field of interest, intelligence is not related to
level of creativity, A number of motivational
characteristics have been found, however, to
be associated with creativity in adults and
adolescents; the two primary dimensions seem
to be a high level of achievement motivation,
particularly for independent achievement, and
emotional involvement with ideas rather than
with people. Rosen {1961:582) has reported
that youngest children from middle class fam-
ilies with more than two children have lower
achievement motivation scores than do first
borns: he writes that, “In large families, the
voungest child is frequently indulged, over-
protected and may in gemeral be exposed to
few of the socialization influences associated
with the development of high achievement
motivation.” Rogen did not investigate the ef-
fect of sibling separation; however, a child
born considerably after the next oldest sibling,
even in a two-chikl family, might be similarly
“indulged.” Analyses are in process to test the
hypothesis that the distant younger subjects in
the YS sample are lower in achievement moti-
vation, are less willing to compete, have a
higher need for affection and affiliation, and
have experienced more overprotection and

love, and less punishment and rejection than
did subjects in the other groups.

DISCUSSION

The hypothesis that potential scientific
creativity is associated with being first bomn
has not been supported. The study does sug-
gest that there may be an inhibiting influence
on the younger son who is more isolated; yet,
for a considerable range of family size, sibling
sex, sibling separation and ordinal position
combinations, any “favorable” effects of one
ordinal position appear to be as susceptible
to attenuation by other influences as any “un.
favorable” effects of another ordinal position.
Birth order, considered as simple ordinal po-
sition, does not appear to be a very powerful
factor within the YS sample. It is possible that
significant effects would appear if a wider
range of ability were sampled, e.g., a range
from students who fail science courses to STS
winners, As noted previpusly, considerable
caution would have to be exercised in regard
to correlated factars such as socioeconomic
status and scholastic ability, and it is also pos-
sible that birth order effects would not be
found in such a sample.

These results may also offer inferential
suppert for Schachter’s conclusion that the
birth order effect shown in earlier studies of
eminent men is a methodological artifact. Such
support would have to take into account two
questions: the scositivity of the criterion of
potential scientific creativity and the relation
of early recognition to a criterion based on
evaluation of the individual’s life work.

1. The potential scientific creativity rat-
ings are not insensitive to other variables;
the groups differ on a large number of per-
sonality and social history characteristics and
a complex birth order effect was demon-
strated. It seems likely that the failure to find
a significant relation between simple ordinal
position and early attainment indicates the
weakness of the birth order effect when ap-
propriate controls are used, rather than a
Type II error. This interpretation would also
be cousistent with the variability of the re-
cent studies of more and less creative adults,

2. The relation of early attainment to
eminence is not known for the criterion
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used. If, however, eminence is considered
as being on a continuum, the relationships
obtaining at the upper end of the continuum
might also be expected to obtain among
individuals of lesser absolute achievement
when the ranges of achievement are in both
instances known to be adequate for demon-

birth order. Studies relating family structore
and achievement during college and ma-
turity would ofler more conclusive support
for the methodological artifact interpreta-
tion of the “eminent first born” phenomenon;
such longitudinal studies are planned for
this sample,

strating relationships to variables other than
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Sibling Configurations of Scientists

S. Stewart West

For several decades it has been known
that samples of gifted children® or eminent
men® show frequencies of first-born persons
larger than chance expectation from their dis.
tributions in number of siblings. However,
little attention has been given to other orders
of birth or to the shape of the distribution in
number of siblings and its relation to expecta-
tion from the general population. At least one
large sample of eminent scientistst has heen
described without computation of expected fre-
fuencies. Samples of psychotics® and of neu-
rotic patients® are available for comparing
failure in social adjustment with outstanding
success.

This report describes the sibling confign-
rations of a sample of persons engaged in
regearch, the criterion of selection being oceu-
pation only, without regard to eminence, {I'he
term “scientist” will be used to mean any per-
son engaged in the production of new knowl-
edge, either in basic research or in applied
research or development, including research
engineers.) The purpose of the report was to

Heprinted with permission of the author and The
University of Chicagoe Press from American Journal of
Sociology, 1960, 66:268-274. Copyright 1960 by the
University of Chicage. Some footnotes have been de-
leted.

?L. M. Terman ef af., Genetic Studies of Genius,
Vol. 1: The Mentol and Physical Traeits of a Thou-
sand Gifted Children (Stanford, Calif.: Stanlord
University Press, 19257,

AT, McK. Cattell and D, K. Brimhall, American
Men of Science (3d ed.; Garrison, N.Y.: Science
Progs, 1921; H. Ellis, A Study of British Gendus
{ Boston: Houghton Mifflin Co., 1926); Anne Roe,
“A Psychological Study of Eminent Psychologists and
Anthropalogists, and a Comparison with Bialogical and
Physical Scientists,” Psychological Monographs, Vol
LXVII, No. 2, Whole No. 352 (1953). See alsn the
summary and discussion by IL. E. Jones in Manugl of
Child Psychology, ed. Leonard Carmichael {1st ed.;
MNew York: John Wiley & Sons, 1940}, pp. 607-8.

* 8. 8. Yisher, Scientists Starred 1903-1943 in
“American Men of Seience” (Baltimore: Johns
Hopkins Press, 1947}, p. 537.

* Benjamin Malzbery, Social and Biological As-
pects of Mental Disease (Utica, N.Y.: State Hospitals
Press, 1940}, pp, 265, 270.

% Alan Norton “Incidence of Neurosis Related to
Maternal Age and Birth Order,” British Journal of
Social Medicine, VI (1932 ), 253-258.
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obtain clues to the relationship between eaily
socialization in the parental family and choice
of rescarch as an occupation, The data were
obtained as part of a larger investigation of
research organizations by means of gquestion-
naires distributed to the entire research per-
sonnel of each of five industrial laboratories
and seven science departments of a large mid-
western university (Table 1).

Comparison of sites in respect to distribu-
tion of respondents in birth order and to
distribution in number of sibs by means of
chi-square test showed no significant difference
between the academic site {Site I) and any
one of the industrial sites {II-VI}. No two of
the industrial sites differed significantly in dis-
tribution in size of family, although either Il or
IV differed from either II or VI as to distribu-
tion in birth order {at the .05 level of chi
square). It was therefore not appropriate to
treat the sites separately, and their distribu-
tions were combined. Table 2 shows the dis-
tribution of the total sample in sibship size and
birth order; Table 3, the distribution in moth-
er’s birth cohort and father’s occupational class
according to the Kinsey scale.”

Expected frequencies of birth order were
computed from the distribution in number of
sibs by assuming an equiprobable distribution
among the possible positions in a sibship of
given size, according to the method of Green-
wood and Yule.® Table 4A compares fractional
deviations of ohserved frequencies from ex-
pected values so obtained {only children being
excluded) for the distribution in Table 2 and
for seven other distributions cited in the first
paragraph of this paper. Three of the samples
were not large enough to make their deviations
significant by chi-square test, but their posi-
tions in the sequence of Table 4 may provide
grounds for useful conjectures. The data from
—”A.“C, Kinsey, W. B. Pomeroy, and C. E. Mar-
tin, Sexual Behavior in the Human Male (Phila.
delphia: W. B. Saunders Co,, 1948}, pp. 77-76.

M. Greenwood, Jr., and G. Udney Yule, “On
the Determination of Size of Family and of the
Distribution of Characters in Order of Birth from
Samples Taken through Members of the Sibships,”

Journal of the FRoyal Statistical Seciety, LXXVII
{1913-14), 179-97.



VARIABLES INFLUENCING CAREER CHOICE IN SCIENCE

Table 1. Characteristics of Sites

Site
1 r T v v VI Total
Type of research® R A,D RAD A, D D D
Percentage of persons with doctorate 97.7 11.8 43.4 3.7 2.3 - 34.7
Total guestionnaires distributed 238 60 218 213 129 0 928
Total questionnaires completed 178 54 212 189 118 62 813
In mathematics, physics, or chemistry &0 54 118 189 118 62 621
In biological science 38 — 94 - - - 132
In social science 60 - - - - - 60
® R = basic research; A = applied research; Id = development.
Table 2. Order of Birth and Size of Sibship
Size of No. respondents in stated order of birth
Sibehip i 2 3 4 5 6 7 or more Total
1 123 - - - - - - 125
2 149 113 - - - - - 262
3 67 47 63 - - - - 177
4 41 29 24 22 - - - 116
5 14 10 12 9 15 - - 60
6 5 3 4 4 5 7 - 25
T 2 3 1 3 2 4 2 17
8 - 2 1 4 3 3 1 14
o - 1 1 - 1 2 - 5
10 ar more - 1 2 2 - 1 3 9
Total 103 209 108 44 26 17 6 813
Expected 366,23 241.3 110.3 51.3 22.3 103 11.2 813
Table 3. Mother’s Birth Cohort and Father's Occupational Class
Mother No. respondents with father in stated Kinsey class
bern Bor8 7 6 5 F* ¢ 3 2 Unknown  Total
1916-20 - - - - - 2 - - - 9
1911-15 - 3 3 6 1 9 3 - - 25
1906-10 - 11 15 26 5 21 13 1 2 94
1901-05 3 10 29 ag 9 16 12 3 5 115
18961900 1 38 M 54 5 35 25 5 13 210
1591-95 4 15 24 28 6 13 12 2 5 109
188650 1 11 18 21 13 15 5 2 6 92
1881-85 - 10 13 19 6 5 4 1 T 68
1876-80 — 4 12 13 8 3 1 - - 43
1871-75 — 3 5 11 4 1 - - 1 25
1866-T0 - 2 4 S 2 2 — — 1 16
1846-65 - 2 1 2 2 3 - - - 10
Total ] 109 158 217 61 130 75 14 40 813

¢ Class F containg all farmers, normally inchuded in classes 4 and 5.
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Tablc 4, Comparison with Samples of Other Investigators

A, Deviations from Equiprobability of All Birth Orders (Only Children Excluded)

Percentage deviation from

chg;r.m expectejf::fue‘;:r stated Level of
Sample per irth order signifi-
Sotirce® Population Size mather 1 2 3 cance
Roe Scientists, upper 1 per cent 64 2,09 54 =17 -0 05
Cattell Scientists, upper 25 per cent 855 3.21 40 —17 —-20 001
Visher Scientists, upper 25 per cent 524 2,81 21 —20 -19 001
West Scientists, total 813 2.22 15 =13 -2 05
Malzherg Manic-depressives 498 4.05 16 -6 —1 n.s.
Terman Gifted children 574 2.27 12 -7 -8 ns.
Mzlzberg Schizophrenies 549 354 -1 -1 5 n.s.
Norton Neurotics 2,500 3.15 -8 -3 -5 05

B. Deviations from Equiprobability of Second and Higher Birth Orders {Only Children Excluded)

Percentage detiation from expected value for

stated birth order
Source® 1 2 3 4 5 g
Caticll 66 -3 —6 —6 21 2]
West 29 -3 6 -7 17 —

® For sources see nm, 2§ in text.

Terman’s sample of gifted children suggest, for
example, that intelligence as measured by the
Stanford-Binet scale is not a sufficient {or per-
haps even necessary) condition for suecess in
research, a conjecture supported by Roe's tests?
of cminent physicists and biclogists.

¥ Anne Roe, "A Psychological Study of Physical
Scientists,” Genetic Psychology Monographs, XLITI
(1951), 231.

Frequency of first-bom persons is en-
hanced and frequencies of second-born and
third-born are depressed in each of the first
six samples. Fractional deviations at higher
birth orders were estimated by combining the
four samples of scientists, which can overlap
only slightly, the sum of deviations being di-
vided by the sum of expected values at each
birth order to obtain the data of Table 5, De-
viations are positive for Orders 1, 5, and 6, and

Table 5. Deviations in Total of Four Samples of Scientists*

Deviation
percentage
Birth No. Na. of expected Percentage
order observed expected No. ne. uf sample
1 1,134 956.0 178.0 18.6 7.0
2 573 688.0 —115.0 —18.7 —-4.5
3 341 405.0 —54.0 —15.58 —2.5
4 203 230.6 —27.6 —-12.0 —1.1
5 144 128.3 15.7 12.2 0.6
6 85 3.1 11.9 16.3 L3
7 41 38.3 2.7 7.0 0.1
8 or more 35 367 ~L17 ~4.5 -1

* N = 2,556,
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negative for Orders 2, 3, and 4. The absolute
deviations at Orders 5 and 6 are small, but
probably indicate real enhancements,

Alternatively, one may assume that the
expected number of persons in each order of
birth for sibships of size N is the average of
the numbers in the second and higher orders,
summing as before over all values of N. This
is equivalent to an expectation that the first,
and only the first, order will show a frequency
different from chance, When equiprobability
Is thus assumed only for the second and higher
orders, the Cattell and West samples show
fractional deviations (Table 4B) from which
one may infer that the fifth position is also asso-
iated with a larger than average probability
of choosing research as an occnpation.

Tahle 6 shows that probability of inclusion
in the sample is not appreciably dependent on
the sex distribution of an individual’s siblings,
The frequencies of the various proportions of
male siblings are consistent with binomial dis-
tribution at equal probabilities for male and
female. P{y*) = .85 for one to five siblings,
inelusive. Clder siblings are likewise distributed
randomly in sex, with P (%) = 47.

To explain the enhancement of frequency
of first-horn persons, the “isolation”™ hypothesis
of Faris is stll atiractive. Faris points out that,
in order to develop into a competent scientist,
one must have an organized and consistent
childhood, pursue knowledge rationally and
without accepting customary formulas of be-
havior, and be confident of success where the
greatest authorities have failed.’® These things
are presumably possible only as results of
minimal interaction with siblings (as in the
case of the first-born), with parents, and with
peers.

If isolation from siblings is important after
the first few years of life, the frequency of only
children should be enhanced more than is that
of first-born children of multiple sibships. One
way of ascertaming whether such an enhance-
ment does in fact occur is to determine the
distribution function relating number of moth-
ers 1o number of children in the completed
family on the basis of the sample data for fam-
ilies of two or more children and, from this, to
predict an expected number of one-child fam-

# R. E. L. Faris, "“Sociological Causes of Genius,”
Americen Sociclogical Review, V (1340, 68999,
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ilies which can be compared with the number
in the sample. As a first approximation, we
shall, neglect the small birth-order effect and.
assume that, except possibly for only children,
the probability that a given child will become
a scientist is independent both of birth order
and of sibship size. When this probability is
small, say of the order of .01, the distribution
of mothers is closely approximated by dividing
each frequency of sibship size in Table 2 by
the number of members of the sibship.

No satisfactory mathematical model for
such a distribution appears to have been de-
veloped by demographers. It is somewhat like
a Poiston distribution, but frequency does not
decrease rapidly enough with sibship size to
make it Poissonian, Brass!? proposes the trun-
cated negative binomial as a distribution func.
tion, but its parameters are often indeterminate
in practice, and it fits both our data and census
data rather poorly. However, the cumulative
lognormal distribution?2 js an excellent repre-
sentation of observed cumulative distributions
of mothers with respect to number of children
in the completed family when class intervals
are taken as bounded by half-integral values
of number of children. This can readily be
verified by plotting distributions from census
data on logarithmic probability paper. What
is needed here s a descriptive formula, and
we shall not consider theoretical implications.

The computed distribution of mothers ac-
cording to number of children is well fitted hy
a cumulative lognormal distribution with mean
0.63 and standard deviation 0.55 {in units of
natural logatithm of number of children}.
Computing from the fitted distribution of
mothers to the distribution of children on the
assumption of small and constant probability
for all children: of all sibship sizes, one obtains
the fitted distribution shown in Table 7, which
is not significantly different from the observed
distribution {P[x2] = .58). The lognormal func-
tion, therefore, gives an excellent fit by Fisher’s
criterion. That it has also the same shape as
distributions found in census data can be seen

W, Brass, “The Distribution of Births in Hu-
man Populations,” Populttion Studies, XIT {1858),
51-72,

12 For mathematical background see J. Aitchison
and J. A. €. Brown, The Logaormal Distribution
{Cambridge: Cambridge University Press, 1957).
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Table 6. Sex of Siblings”

No. respondents with stated no. male siblings

No. 6 or
Siblings 0 1 2 el 4 5 moTe Total
0 125 —_ - - - - - 125
1 132 130 — — — - - 262
4 38 an 49 - - - - 177
3 14 40 AT 15 — - - 116
4 g 16 a7 11 — - —_ 60
5 % T 8 7 4 - — 28
& or more - 4 8 10 8 8 i 45
Towl 817 3 W® B 18 F T HE
© Total male siblings = 528; total female siblings = 846,
Tahkle 7. Number of Sibs
No. respondents
By
No. S of lognormal Observedf
siblings Obseroed fit Expected gxpected 2e— (87413
0 125 125 64 195 2,00
1 a4 262 138 1.90 1.78
2 177 189 129 1.37 1.40
3 116 107 107 108 1.05
4 60 57 80 0.75 0.74
5 28 29 63 .44 0.49
6 17 15 54 0.31 0.32
T 14 9 51 0,27 0.20
& or more 14 20 127 0.11 0.12
Total 313 813 813

by comparison with the distribution of ever
married white women who had completed high
school and were forty-five to forty-nine years
old in 1950, the two being almost identical. In
this sense, the frequency of one-child sibships
is consistent with the rest of the distribution.
From the bivariate distribution of re-
spondents in mother’s birth cohort and Father’s
occupational class {Table 3) and tabulations of
census data given by Grabill, Kiser, and
Whelpton,1® a sufficiently good approximation
to the expected distribution of mothers can be
constructed as follows: Mean number of chil-
dren ever born per white woman of the United
States, married once and husband present, is
available for each of the several occupational

W, H, Grabill, C. V. Kiser, and P, K. Whelp-
ton, The Fertdiiy of American Women (New York:
John Wiley & Sons, 1938}, pp. 46, 132, 321.
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classes from the censuses of 1910, 1940, and
1950, From these data, mean number of chil-
dren among women with essentially completed
families is known for each occupational class
of each of six cohorts (five-vear ranges of
woman’s vear of birth). Values for other co-
horts can be estimated hy interpolation and
extrapolation of curves of mean number of chil-
dren as a function of mean year of cohort. . ..

It was then assumed that the distributions
of mothers in total cohorts constituted a one-
parameter group, definable by mean number of
children only, and, further, that the distribu-
tions of subdivisions of cohorts by oecupational
class were members of the same group as those
of total cohorts. For each number of children
in the completed family, percentage of mothers
having this number was plotted as a function
of mean number of children per married
woman. Corresponding to the value of mean
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number of children estimated as in the pre-
ceding paragraph for each cell of Table 3,
values of percentage were obtained from these
curves for each cell of that table. Averaging
percentage of mothers in Tahle 3 for each num-
ber of children then yields an expected distri-
bution of mothers, from which the expected
distribution of respondents in Table 7 is ob-
tained by multiplying each frequency of moth.
ers by the corresponding number of children.
This indirect procedure is necessitated by the
nature of the available data, and any errors
thus introduced will be those of smoothing
only, being almost certainly small in compari-
son to sampling deviations in the data to which
comparison is made,

The mean of this expected distribution
is 3.14 children per mother, whereas the mean
computed from the sample on the assumption
of equiprebability is only 2.22 children per
mother, The ratio of observed to expected fre-
quency decreases monotonically with increas-
ing number § of sibs and can be fairly well
approximated by a function 2¢-(5/4)3/2 (Table

7). That the same relation holds for all moth-
ers’ cohorts and for all fathexs’ occupational
classes is indicated by Table 8, in which are
listed mean numbers of children per mother
astimated from the general population (a) on
the assumption of small, constant probability,
() on the assumption of an exponential de-
crease of probability as in Table 7, and (¢)
computed from the sample on the assumption
of constant probability. ({Constant probability
here means probability of choasing research as
an occupation, which is the same for all orders
of birth and all sizes of sibship.) Even the
larger differences between (b) and (¢) are not
statistically significant in terms of comparison
between the observed distribution of respond-
ents in sibship size and the expected distribu-
tion derived on the assumption of exponential
decrease. The same probability function was
used in all computations of type (&).

The preceding discussion suggests two al-
ternative hypatheses: (1) that scientists are
produced chiefly by mothers of a specific kind,
who have a tendency to have fewer children

Table 8. Number of Children per Mother, by Mother's Birth Cohort and

hy Father’s Class

Mean no. children per mother
From general population, assuming

Exponential From tample,
No. Eaqui- decrease of assuming
respondents probability probability equiprababnlity
Mother bormn:

1911-20 biird 2.68 2.07 2.22
1906-10 94 2.73 2.09 212
19G1-05 118 Z2.50 2,10 2.08
1896-1900 210 2.90 2.13 2.12
1891-95 109 3.10 2.20 2.35
1886-90 92 3.52 2,33 2.30
1881-85 68 3.53 2,34 2.33
1876-80 43 3,93 2,44 244
1846-75 al 430 2.59 2.72

Total 813 3.14 2.22 2.22

Father’s class:

7,8,0r9 118 2.59 2.04 2.03
6 158 2.88 2.13 2.12
5 217 2.64 2.06 2.13
Farmers 61 5.34 2,92 3.13
4 130 3.46 2.32 2.33
3 75 3,62 2.38 2.31
2 14 3.58 2.43 2.18

Total 773
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than normal, or (2) that interaction among
siblings inhibits the development of the scien-
tific personality. An exponential decrease of
probability with sibship size could as readily
result from the first situation as from the sec-
ond. If the sample has been derived by equip-
probable selection, the distribution of mothers
is as if the probabhility of bearing the (N + 1)st
child, having had the Nth, were about 70 per
cent of the corresponding probability in the
gencral population, for N == 2,

Recent data of Schachter do not seem to
accord with hypothesis {2), in that, in addition
to indicating that greater anxiety is aroused in
first-born children than in those later born by a
given situation, the data show that nced for
affiliation under stress is stronger in the first-
born than in the later born and decreases with
increasing sibship size.1* The first of these find-
ings is compatible with Roe'’s observation of a
high level of free anxiety in eminent physicists
and biologists, but the second conflicts with
their relative lack of social interests, However,
although Schachter’s subjects were female and
most scientists are male, the discrepancy seems
more likely to be due to alternative means for
reducing anxiety than to sex,

M Stanley Schachter, The Psychology of Affilia-
fion (Stanford, Calif.: Stanford University Press,
1959},

If some degree of early isolation is & pre-
reqguisite for producing a scientist, then the
probability that a given child will become a
scientist should wvary inversely with sibship
size, but so many ecircumstances affect the
interaction of siblings that theoretical con-
struction of the discrete probability function
of which the exponential form is an approxi-
mate envelope becomes very difficult. Extrinsic
variables, such as availability of money for
education or current attitude about scientists,
appear to be unimportant since the same func-
tion applies to all classes and to all cohorts
within the limits of sampling variation. They
may, however, enter into the selection by birth
order, since the oldest child will tend to have
first call on limited resources for education, In
addition the effectiveness of interaction be-
tween siblings is likely to depend on differences
in their ages. Interaction may focus on some
sibs and leave others relatively wnalfected, as
Bales, Strodtbeck, Mills, and Roseborough
found in small groups.’®> Somewhat more can
still be done with demographic variables,
but, for the most part, investigation must pro-
ceed in the area of the dynamics of family life.

3R, F. Bales, F, L. Strodtbeck, T. M. Mills, and
M. E. Ronseborough, “Channels of Communication
in Small Groups,” American Sociological Review
XVI {1951}, 461-68.

Biographical Predictors of Scientific Performance

Calvin W, Taylor and Robert L. Ellison

This paper will present a summary of
regsearch on the use of biographical infarmation
to predict various criterion measures of snceess-
ful performance and accomplishments in sci-
ence {I). In our studies of the relationship of
biographical information to swccess in seience,
over 2,000 scientists have filled out one of our
300-item multiple choice questionnaires, The
majority of this work has been conducted in
conjunction with (2} the National Aeronau-
tics and Space Administration (NASA).

The term “biographical information™ is

Heprinted with permission of the awthors and
the American Association for the Advancement of
Science from Science, 1957, 155:1075-1080. Copy-
right 1967 by the American Association for the Ad-
vanccement of Scicnca,
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npen to some possible misinterpretation when
applied to the measuring instrument, the Bio-
graphical Inventory, (hereafter called the BI),
which has heen used in these studies. The Bl
contains a wide variety of questions about
childhood activities, experiences, sources of
derived satisfactions and dissatisfactions, de-
scriptions of the subject’s parents, academic
experiences, attitudes and interests, value
preferences, and self-descriptions and evalua-
tions. The items thus encompass a wide variety
of information and are not limited to a narrow
definition of what could be included within
the rubric of biographical information. By us-
ing such a broad approach, one potentially
can attempt to measure not only previous life
history experiences and past environmental ef-
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fects on a person, but also to assess the outcome
or manifestation of the hereditary environ-
ment combination as it is personified in the
individuals studied.

The intent in these studies was to exploit
the biographical approach and thus determine
and more fully understand the experences,
backgrounds, opinions, self-images, and atti-
tudes which would aid in differentiating the
highly productive and creative scientists from
those who were less productive and creative.
When the biographical characteristics, experi-
ences, and self-descriptions were {dentified, the
practical goal was to utilize these characteris-
tics in developing an easily administered and
scored biographical inventory which would aid
in the identification of scientific talent at the
college level. Hopefully, the inventory could
be rewritten for the early high school level and
used as a vocational guidance instrument, so
that high school students who had scientific
potential could be encouraged to further their
development.

When this study was initiated in 1959,
hiographical information was considered to be
one of the most promising means of identify-
ing creative scientific talent. Previous research
from a variety of investigators had indicated
that hiographical information was a potentially
promising technique for the identification of
creative scientific talent, although no one had
made a definitive attempt to exploit this po-
tential {3, 4). The approach had, however,
demonstrated its usefulness in a variety of
other settings for predictive purposes; for ex-
ample, identifying successful salesmen, pre-
dicting callege success, identifying leadership
ability in the Army after World War 11, and
others.

Two studies were especially useful in lay-
ing the foundation for the later use of the bio-
graphical approach in the studies of NASA
scientists. These were by Ellison (5), who

tried out a large number of biographical items,

and by Taylor, Smith, Ghiselin, and Ellison
{8), who conducted an intensive citerion study
and later administered a series of predictors
including a biographical inventory. In both
studies the initial validities found between the
empirically keyed biographical scores and the
corresponding criterion were extremely high,
(.70 to 94). No cross validation was attempted
in either of these two preliminary studies be-

cause of the relatively small sample size but
the best items from both studies were ident-
fied and retained for future use in the NASA
project, However, a priori scoring keys for the
biographical responses worked very well on
other criteria with statistically significant re-
sults. For example, the same score predicted
the patents criterion with a biserial correlation
of .35 in one of the subsamples in which only
15 percent of the sample had one or more pat-
ents. Despite the complexity of the criterion
problem in measuring success in science, this
result indicates that there is some common
ground ameng various criterion measures and
that a biographical score, even when con-
structed at a different research center, can
overlap a significant portion of that ¢common
ground.

The same procedure was followed to fur-
ther analyze the data. Briefly the total sample
of 300 scientists was split into two subsamples
of 148 and 152, and an itern alternative analy-
sis was ecarried out for each sample in a double
cross-validation design. The results from the
item analysis at the second center were gen-
erally not quite as high as those obtained at
the first center, although a cross validity co-
efficient of .60 was obtained in predicting pub-
lications. The average cross validity coefficient
for predicting the creativity criterion on the
two subsamples at the second research center
was .48. A comparison of this correlation of
.48 with the correlation of .47 obtained by
using the keys from the form A study indicates
a high degree of stability in the biographical
keys. This result also indicated that it would
probably not be necessary to construct sepa-
rate keys for each NASA research installation.
Morecover, it provided some evidence thai the
same biographical key would give generally
the same results in predicting creativity in dif-
ferent fields of specialization.

The official rating scores which were al-
ready available at the research center were,
without exception, nat as predictable as the
other criterion measures, evidently because of
the construction of the rating forms and the
mauner in which these ratings were obtained.
In addition, in the inventory, there was un-
doubtedly some implicit item selection by the
investigalors to emphasize the prediction of
the creativity criterion in comparison with other
criteria. However, most of these other criteria
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were predicted with eross validity coefficients
that were statistically significant, The item
analysis revealed that items involving profes-
sional self confidence were most valid, followed
by items measuring independence and auton-
omy.

THE FORM C STUDY OF THE BI

A form C of the BI was constructed in
which the best items from the previous studies
were used together with additional new items.
This form was administered to approxzimately
800 scientists at a third NASA research cen-
ter. In contrast to the other two centers visited,
there was no existing rating procedure for the
evaluation of the scientific personnel. Promo-
tions were handled by letters of recommenda-
tions and personal conferences. Thus, the cri-
terion measures collected at this center may
have been influenced by this comparative lack
of rating experience. The only measures col-
lected besides data on publications, patents,
and Government Service level were scale rat-
ings of the following: quantity of work, skill in
getting along with people, creativity, and an
overzll evaluation,

The procedures followed in the third
study were the same as in the previous studies,
After the total sample was divided into various
organizational subsamples, average cross valid-
ity coefficients for the creativity criterion
ranged from .41 on the total sample to .49 for
one organizational subgroup. The other rating
criteriz were predicted at a somewhat lower
level in the mid 30°s. The average cross validity
coefficients for the publications criterion was
.82, and for the GS level criterion the aver-
age crass validity was .70.

The keys that were developed on the
basis of the form A study yielded an average
eross validity of .40 in predicting the creativity
criterion, again indicating a high degree of
stability for the biographical scores.

Some of the characteristics of creative
people revealed by the Bl studies provide a
brief portrait of the creative scientist. Con-
sistently the best subscore in the inventory for
identifying creative scientific talent was “Pro-
fessional Sclf Confidence,” The scientists who
scored high have confidence in themselves to
perform at a very high level. Although not
necessarily so, they are often confident of

themselves in other spheres of activity. They
are also very independent, which is a trait
found to be relevant in almost every study of
creativity, They tend to use themselves as a
focal point for evaluation and are not swayed
by the general consensus. They are also, as
one might expect, intellectually oriented, a
trait that developed relatively early in adoles-
cence. The more successful scientists also have
a high degree of dedication to their work, often
to the exclusion of other hobbies, interests,
and even family activities. They set very high
levels of aspiration for themselves which they
expect to achieve in the future.

Table 1 presents five of the biographical
items and shows both the percentage respond-
ing and the corrclations with the supervisors’
ratings of creativity. The first two items pro-
vide information about the self-concept of the
scientists as they described their own ability
to do research and their reaction to a situation
in which they responded whether or not they
would publish their research results # such
publication interfered with the desires of their
supervisors. It will be noticed that those who
said they would publish were rated slightly
higher on creativity and that 75 percent of
the sample said they would cooperate with the
supervisor.

The other three items provide informa-
tion about self-reported academic achieve-
ments and the age at graduation from high
school, Tt will be noted that the relationships
of these latter three items to the creativity cri-
terion are relatively low. These findings corre-
spond generally with those presented by
Wollle and by Hoyt (9}. In our view, heavy
emphasis should not be placed on academie
achievement unless the particular organization
in question has determined that academic
achievement does have a demonstrated rela-
tionship to the work being accomplished. The
last item is of sume interest as those scientists
who graduated from high school at an eatlier
age tended to be rated as more creative than
those who graduated later, evidently indicat-
ing early intellectizal achievement is a positive
indicator of later performance in research.

FOLLOW-UP STUDIES OF THE Bl

All previous studics of the Bl were con-
current studies as opposed to follow-up studics



VARIABLES INFLUENCING CAREER CHOICE IN SCIENCE

Table 1. Examples of biographical items, the percentage responding, and biserial correlations of the
item alternatives, with supervisors’ ratings of creativity {(sample size, 1000).

Percentoge Correlgtion with
Biographical itemas responding creativity criterion
1} What do you consider ta be vour capacity or ability to
succeed in research?
A. Superior 10 38*
B. Above average 44 .199
C. About average 42 —.29¢
D. Slightly below average 3 — 259
E. Does not apply 1 00
2) Assume you are in a situation in which the following two alternate
courses of action arise. Which ane of the two would von be most
likely to do?
A, Finish my research through the stage of publishing it. 25 L18%
B. Cooperate with my supervisor by doing what he wanted me
to do next, 75 —.18*
3) About what percentage of the students in your elass did you surpass
academically when you graduated from high school?
A, 99% 12 A7
B, 90% 35 06
C, s0% 28 —.,05
D, 60% 17 —.12°
E. 530% or less ] 05
4} About what percentage of students in vour class did vou surpass
academically when you graduated from college?
A, 99% 5 26
B. S50% 27 217
C. 60% 37 -.104
D, 40% 7 .02
E. Den™t know 24 —.15%
5) How old were you when you graduated from high school?
A. 15 or younger 2 21F
B. 16 14 15
C. 17 48 .04
D. 18 3l —.10%
E, 19 oraider 5 —.20"

* Significant at the ,01 level,
1 Significant at the .05 level,

where the accuracy of the BI predictions could
be checked for validity over an extended pe-
riod. After the completion of the form C study,
a series of follow-up studies were initiated
using form C-1 of the BI. This form was iden-
tical to form C except that the instructions
used were modified slightly to make the admin-
istration procedure of the inventory more com-
parable to the actual hiring situation. This
form was administered to B22 scientists as they
reported for work at several NASA centers.
About a year later criterion data were ohtained
on the performance of the newly hired re-
search professionals.

Because of the widely dispersed geograph-
ical locations of the NASA centers, a psycholo-
gist did not assist in the collection of data.
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This may have affected the criterion data, since
the study procedures and rationale could not
be cxplained as thoroughly as in previous
stucies. But the data analyses were similar,
The keys developed on the basis of previous
research yielded cross validities ranging from
05 to 44, depending on the participating re-
search center. When an item analysis was
conducted on the data, it was found that only
a small improvement occurred in the magni-
tude of the validities. Tn other words, this
resnlt indicates that the keys develaped an the
concurrent studies were almost as effective as
the specially developed keys in the follow-up
studies,

While these results were not of lhe same
order of magnitude as those oblained in the
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concurrent studies, the investigators consider
the limitations inherent in the criterion data
to be responsible. This in turn has at least
three facets: many of the criterion ratings
appeared to be affected by 2 likeahility factor;
the scientists had been working on the job for
a limited period of time so that an accurate
assessment of their performance may have been
difficult; and finally, the inventories and the
criterion data were collected by mail, which
may have reduced their accuracy.

Further research will be needed to re-
solve this question. The results that have been
presented previously as well as those presented
in this report indicate that with better criterion
data more satisfactory results would have been
obtained.

THE EARLY IDENTIFICATION
OF TALENT

As mentioned previeusly, a long-term goal
of this research has been to develop an instru-
ment that was both appropriate and valid for
younger age groups. Some research has al-
ready been carricd out on this question (10},
The WNational Science Foundation Summer
Science Program for high school and college
students provides a unique opportunity for
rescarch. In seme of the programs the students
actually participate full time in research ac-
tivities and thus some relevant eriterion meas-
ures could be obtained. In these studies the
BI was modified for younger age groups. Since
some items had to be rewritten and the scoring
was based upon data from mature scientists,
we expected the revised BI not to work very
well, if at all, under the circumstances. A fur-
ther problem was that we now sought predic-
tive (short range follow-up) validities rather
than concurrent validities. The results indi-
cated that the Bl was among the best pre-
dictors of creativity in research and could be
applied to markedly different age groups.

We thought that the initial BI constructed
for administration to NASA scientists would
probably be more appropriate for college sen-
ios than for high school students, since
college seniors more closely resemble the adult
samples on which the Bl was developed.
Some data have been obtained on this latter
issue already, although the criteria were not
as directly pertinent as those used in the
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study of high school students {I1). These
studies evaluated fellowship selection informa-
tion at the University of Utah, where the re-
search committee awards approximately 40
graduate fellowships per year in all fields, Se-
lection has been based largely on grade point
average and letters of recommendation. For
research purposes, a modified hiographical in-
ventory was administered to a number of
seniors and graduate students who applied for
fellowships. A year later their graduate student
performances, including their research poten-
tial, were rated. Again the BI scores proved
to be among the most valid predictors of these
criteria. In one case, a BI score by itself pre-
dicted the next year’s petformance of the grad-
vate students more effectively than did the
collective judgments of the official fellowship
committee which based its decisions on a full
folder of application materials from cach fel-
lowship candidate.

These studies on student groups demon-
strate the potential contribution of biographi-
cal information to the early identification of
creative scientific talent.

PRODUCTIVITY OR CREATIVITY
OR BOTH?

Among the many ununswered questions
in creativity research is the question of whether
the same factors are involved in predicting at
different ages and at different levels of cre-
ative performance. Our biographical research
generally indicates that the same items that
predict creativity in adult scientists predict
creativity in high school students. In addition,
the same characteristics of successful scientists
obtained from biographical studies of NASA
research professionals correspond to the find-
ings of those studies that have included or even
focased solely upon highly eminent scientists
{3, 12). Thus, it is apparent that many of the
same characteristics are involved in predicting
different levels of creative performance. This
problem could be approached directly by proc-
essing data from the NASA studies, first by
subdividing the samples according to creative
performance or level of education and then
analyzing the subsamples separately. How-
ever, in owr earlier studies of Air Force scien-
tists (6}, the number of years of eduecation
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was unrelated to 12 of the 14 criterion factors,
and to none of the creativity critevia, It was
only related to the number of professional se-
cieties to which a person belonged and
whether he was efficient in completing his
paper work (a factor called “productivity in
written work™).

A related question concerns how well do
biographical characteristics predict productiv-
ity in science as opposed to creativity. Al
though some biographical items have differen-
tial validities in predicting productivity and
creativity, the majority of the items are related
to both criteria. These findings agree with the
rational point of view presented by Bloom
{12) and others, that without a certain mini-
mum amount of productivity, for example, pub-
lications and quantity of work completed,
there is a low probability of creative achieve-
ment. We have been somewhat more successful
in predicting supervisors’ evaluations of ere-
ativity than of productivity, but as mentioned
previously, the major focus of these studies
has heen upon creativity criteria, so that bio-
graphical items were formulated with creativity
mare than productivity in mind. It is evident
that considerable additional research needs to
be conducted before the ahove guestions can
be adequately answered.

Because of the consistently promising and
positive results in studies where biographical
information has been used, there has been un
increasing use of psychological tests of this
type. One outcome has been the initiation of
a research project in a large pharmaceutical
company  {Richardson-Mervell, Inc.) which
was based upon the previous NASA effort. In
this stedy {I3) a biographical inventory {con-
structed by Taylor and Ellison for research
use in industry) was adwministered to a large
number of scientists and information was ob-
tained on their creativity and general scientific
competence. Each participating Scientist was
rated by his supervisor, his peers, and, in some
cases, his subordinates. Results of this study
showed that the empirically constructed keys
vielded cross validity predictions of the crite-
ria in the .30°s and .40%s. Alse, since the bio-
graphical items used in this study contained
many of the same items that were used in the
NASA studies, it was possible to score the test
protocols of the pharmaceutical scientists with
the NASA-derived kevs. The results were sig-
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nificant and have important implications, It
was found that a combination of the NASA
creativity keys, when applied to the biograph-
tcal information responses of the pharmaceuti-
cal scientists, yielded validitics with the creativ-
ity criterion in the high .30%.

These findings indicate that the results of
the NASA studies may be applied not only to
different age groups but also to diverse samples
of scientists (in this case, the physical and
biological sciences and both a government
agency and private industry). This study,
therefore, suggests that biographical informa-
tion may be emploved to identify scientifie
talent found {n a variety of environments.

Chambers (I4} studied the personality
and biographical factors of mature scientists
who are highly creative in research work and
those of scientists who are much less creative.
In addition to significant differences between
creative scientists and their comparative con-
trol groups on several personality variables, he
also found significant differences for 16 hio-
graphical ttems. He was thus able to present
a biographical and personality profile of those
highly creative scientists and those not so
creative.

W. A Owens and his associates (I5)
have made several studies of engineers and
scientists relating hiographical data to creativ-
ity, professional interests, and research compe-
tence. In another study, Albright and Clennon
(16) found that biographical information
could discriminute between supervisory and
research-oriented scientists at all levels of a
laboratory organization. Also, Smith, Albright,
and Clennon (I7) demeonstrated the value of
the personal history technique in the prediction
of scientific competence and creativity within
a highly select group of research scientists.

In a recent study by McDermid (I8) of
the technical and engineering personnel of the
Hammond Organ Company, it was found that
only bingraphical data proved to be significant
as predictors of both supervisory and peer
ratings of creative performance,

The June 1965 national research confer-
ence on the use of biographical informatinn,
chaired by E. R. Henry (19} and supported
by the Richardson Foundation, produced a
consensus of he 18 participants that in pro-
fessional and other complex fields, the bio-
graphical approach is at least as good and is
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usually better than other techniques for pre-
dicting job perfermance.

SUMMARY

The biographical approach to the identi-
feation of seientific talent has shown significant
results in a variety of situations which in-
cluded different lahoratories, fields of special-
ization, and age groups. Much remains to be
accomplished, however, The biographical ap-
proach needs to be validated in other organ-
izational settings employing relevant criteria.
Although this kind of research is being initi-
ated, a number of studies are needed to define

the advantages and limitations. The wuse of
biographical information to identify the crea-
tive and other talents of executives, composers,
administrators, and artists has been largely
unexplored, Furthermore, the meaning of the
biographical items has not been correlated
with existing psychological theory and knowl-
edge. All evidence to date indicates that the
investigation of biographical information and
its relationship to various criteria of perform-
ance and other psychological measures is a
rapidly expanding area of investigation which
will make further contributions to the iden-
tification of talent in a variety of fields.
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Scientists and Nonscientists in a Group of 800 Gifted Men

Lewis M. Terman

SOURCES OF DATA USED

The subjects in this study were the ap-
proximately 800 male members of a gifted
group who were selected in childhood on the
basis of an intelligence test and whose careers
have been followed for 30 years. As children
all had made intelligence scores that rated
them in the top 1 per cent for their respective
ages. Four field studies of the group have been
made: (@) at the time most of them were se-
lected in 1921-22; (b) in 1927-28; {¢) in
1939-40; and {d} in 1950-51 (2. 7, 8). On
each of these occasions field assistants admin-
istered a variety of tests in addition to tests of
inteltigence, and collected extensive case his-
tory information from the subjects and from
their parents and teachers. Apart from the field
studies the group has been followed up from
time to time by sending a General Information
Blank to be filled out by each subject and a
Home Infarmation Blank to be filled out by a
parent or other relative. By these means almost
continuous contact has been maintained with
all but a few of the subjects, including slightly
more than 800 males and 600 females. Of the
entire group {both sexes) only some 30 sub-
jects have been lost track of. The 800 males
here reported upon do not include any who
were deceased before 1940,

As this group is the only one of its kind
that has been studied so intensively over so
long a period of time (and at a total cost of a
quarter of a million dolars), it seemed de-
sirable to sift all the data collected to 1951 in
order to find what items of information might
differentiate between those who became scien-
tists and those who did not, and between vari-

Abridged and reprinted with permission of the
American Psvchologieal Association from Psychologi-
cal Monographs, 1954, 68:1-4, 35—41. {Whole No.
378.)
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ous subgroups of the scientists, This search has
been limited to males because only a small
number of the gifted women became scien-
tists,

CLASSIFICATION OF SUBJECTS

In the autumn of 1951 the educational
and vocational records of all the male subjects
were examined as a basis for classifying them
into the following groups for comparative
study.

1. Physical Science Research (N = 51).
This group, designated PSR, is composed of
men who were doing or had done basic re-
search in any field of physiesl sclence. It in-
clundes 18 engineers, 17 chemists, 9 physicists,
3 geologists, 2 astronomers, and 1 each in
mathematics and oceanography. Thirty-two
of the group had taken the degree of Ph.D. or
Se.D.o...

2. Engineers (N = 104). The E group as
now constituted includes 27 men who are
doing or have done applied research and 77
whe are practicing engineers with no rescarch
record. Fields of engineering most frequently
represented are mechanical, 25; civil, 24;
chemical, 19; electrical, 14; architectural, 7;
aeronautical, 5; six other ficlds, 10. . ..

3. Medical-Biological {N =#61). The
M.B group includes 26 who have done med-
ical or biological research and 33 doctors of
medicine whe are engaged chiefly in medical
practice. Fields of research represented by the
rescarch group include anatomy, biochem-
istry, fisheries, gemeral biology, criminology,
microbiology, Oriental diseases, pharmacol-
ogy, physiology, psychiatry, public health,
and surgery, The 35 practitioners include {ac-
cording to their own designations) 12 general
practitioners, & surgeons, 3 internists, 2 oph-
thalmologists, 2 psychiatrists, 2 radiclogists,
an anesthetist, a gynecologist, a pediatrician,
a laboratory director, and a medical director
of a state-wide medical group-insurance serv-
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ice. Degrees held by the total M-B group of
61 are as follows: M.ID., 48; Ph.D., 11; M.A.
plus three years, 1; A.B. plus three years, 1.

4, Physical or Biological Science, Non-
research (N =68). This group, designated
PBS, is composed of men who as undergrad-
uates majored in a physical or biological sci-
ence but who later in many cases turned to
other fields of work, Their undergraduste
majors classify as follows: chemistry, 135; en-
gineering, 14; mathematics, 10; physics, 6;
forestry, 5; and 1 to 3 each in astronomy,
hotany, dentistry, entomology, pharmacy, pre-
medicine, and zoology. All are college grad-
vates except 8 who had three or more years
of college but took no degree. About half of
the group had one to three years of graduate
work. Four graduated from Anmapolis and 2
from Woest Point. Eleven of the group are
teachers of science {5 in high schools, 4 in
junior colleges, and 2 in colleges). Some 30
of the others are or have been engaged in
work more or less related to their science ma-
jor; among these are a few who have at one
time or anothcr been employed as engineers or
chemists and several whe have become sales
managers, superintendents, or manufacturers,
However, some of the PBS group have entered
vocations that make little or no use of their
science training. . ..

5. Social Scientists (N = 149). The SS
group is composed of men who majored in
one of the secial seiences but have not, to any
appreciable extent, engaged in research. The
most frequent undergraduate majors were
economics and political science, with smaller
numbers in business, history, psychology, and
anthropology. TFifteen of the S5 group left
college without taking a degree. A majority
of those who graduated had one to three years
of graduate work., The greatest number of
graduate degrees were in business administra-
tion, with smaller numbers in econemics, his-
tory, political science, psychology, education,
and journalism. The group includes some 110
whose posteollege careers have been confined
chiefly to business. . . .

8. Lowyers (N = 83). A large majority
of the L group are engaged in general prac-
tice, though several have specialized in such
fields as corporation law, motion picture law.
pettoleum law, taxation, etc. . . , Although
most of the L group rate high in professional
sucess, 4 or 5 are not engaged in any kind
of legal work.

7. The Humanities Group (N 93],
The H group is composed of men who as un-
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der graduates majered in a field of the human-
ities. The majors most frequent were English,
30; philosophy, 15; languages, 14; art, 11;
and music, 7. The remaining 18 majors were
scattered among five different felds, includ-
ing architecture, education, prelaw, journal-
ism, and theology. Twenty of the group left
college after completing the junmior year. Of
the 75 who graduated, 12 continued to the
Ph.D. (or Th.D,), 20 to the M.A,, and 5 tock
other professional degrees., Fourteen others
completed from one te three years of graduate
work without taking a graduate degree. . . .
The noncollege group ( hereinafter desig-
nated as NC)} is composed of 177 men wha
did not attend college or attended less than
three vears. Slightly more than a third of the
group {69) discontinued their schooling with
high school or had less than a year of addi-
tional business or technical training; 67 had
one year of college and/or additional special-
ized professional or technical training, and 41
had 2 vears of college. Some of the latter
group also had further training aleng special
lines. By recent vocation they classify as fol-
lows: in business occupations, 50. , . . Thirty
are in skilled trades or retail husiness and 16
in clerical or sales work. Ten are in the enter-
tainment ficld, & are officers in pelice or fire
department, 4 are farmers, 4 are awnthors or
journalists, and 4 are Army or Navy officers,

SUMMARY OF RESULTS

In all, some 500 items of information
obtained for male subjects were studied for
group differences. In bringing together the
outstanding difference trends among our com-
pared groups, especially differences between
the science groups (PSR, E, and M-B) on
the one hand and the nonscience groups (5SS,
L, and H) on the other, . . . results show, . . .
that on a large proportion of the variables the
first three groups contrast markedly with the
last threel Percentages that tend to run high

! One serious limitation of this research is the
heterogeneity of some of the individual groups, par-
ticularly groups PES, §5, and H. The most homoge-
neous with respect to kind of work its members are
doing is group L, though here too there are differ-
ences in yvears of schooling, and in degree and kind of
specialization. Group PSR is homogeneous in the sense
that all its members have done basic research in physi-
cal science or engineering, but they are scattered
among a variety of fields. Although the members of
group E are engaged in several different kinds of
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for the former are usually low for the latter,
and vice versa; this despite the fact that there
are some significant differences within each
trio of groups. The PBS men, who as under-
graduates were science majors but in a ma-
jority of cases later shifted to other fields, often
show up in the graphs somewhere between
the first three groups and the last three.

For purpose of summary the differences
fall roughly into five categories relating re-
spectively to (¢) family background, (b) abil-
ities evidenced, (e} vocational interest scores,
(d) social adjustment, and (¢} occupational
success and life satisfactions. For the more
important variables under each of these cate-
gories the groups ranking very high and those
ranking very low {in percentage frequencies)
will be indicated. As a rule only the differences
that are statistically significant will be cited.

Family Background

Eight variables in this category that
vielded significant differences will be noted.
For convenience in referring to them they are
here listed and numbered.

1. Both patents were native-born.

2. The father’s education included col-

lege graduation or more,

3. The father as of 1928 was in the pro-

fessional cluss.

4. The {ather’s areas of interests included

two or more.

5. The mother’s areas of

cluded two or more.

6. The father has held (as of 1922) one

or moxe positions of honor or trust,

7. 'The father has held {as of 1922) a

religious position of honor or trust,

8. The subject {as of 1940) had two or

more sibs, living or dead.

Group PSR is highest of all the groups
on variables 1, 2, and 3, and is lowest on 8.
Group E iy lowest on variables 2 and 5, and
high on none. Group M-B is highest on vari-
able 6, is tied for highest on variable 8, and is
close to highest on 2; it is the lowest of all the

interests in-

engineering, there is reason to Lelieve that in psycho-
Ingical characteristics the gronp is more homogeneous
than some of the other groups. The same is probably
true of the M-B group, In contrast, each of the PRS,
S8, and H gronps represents a wide range of oceupa-
tions engaged in.

62

gronps, however, on variable 4, Group PBS is
highest on 4, lowest on 6 and 7, and ‘second
lowest on 3. Group §8 is highest on 5, close to
highest on 4, and lowest on 3, Group L is high-
cst ont B and close to highest on 2 and 4. Group
H is highest on 7 and tied for highest on 4.

On the whole, it appears that the groups
with the most favorable background are M-B
and PSR, that those with the least favorable
background are E and PBS, and that groups
58, L, and H hold an intermediate position.

Abilities Evidenced

Thre¢ special abilities described by the
parent as superior in 1922 vielded highly re-
liable group differences, Highest on “mechan-
ical ability” was group E with a frequency
roughly twice that of 85, L, or H, Nearly tied
for high on “nature study and science” were
groups PSR and M-B, with frequencies nearly
twice that of SS. On “dramatic ability” the
situation was reversed, with groups H and L
highest and groups PSR and E lowest.

On the number of parents whe named
some field of science as a suitable occupation
for the child, groups PSR, E, and PBS were
almost tied for top place with frequencies
several times that of §8, L, or H. On teachers
who suggested a science as a suitable occupa-
tion PSR was highest and M-B next highest,
with lowest positions again occupied by S8,
L, and H. On the child’s preference for a
science as an occupation, groups PSR, E, and
M-B all had frequencies two or more times
as high as SS, L, or H. On the child’s spe-
cific choice of engineering as the preferred
occupation, group E had a frequency over
four times that of 85, L, or H,

Two ability tests have yielded significant
differences. On a test of information in lan-
guage and literature given in 1922, high scores
were about three times as frequent in groups
M-B and L as in group PSR. OUn the Concept
Mastery test given in 1940 four groups (PSE,
M-B, L, and H) were almost tied for top
place, and groups PBS and 885 were tied for
low place.

The top groups on scholastic record, both
in high school and coellege, were PSR and M-B;
lowest in high school was S8 and lowest in
college were PBS and $5. On graduation fram
college before age 22, groups PSR, M-B, and L.
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were tied for high place and groups E and
PBS for low place.

Two fields on which subjects rated their
interests in 1940 were science and mechanies.
On interest in science the highest groups were
PSR, E, and M-B, and the lowest S5 and L.
On interest in mechanics the high groups were
E and PSR and the lowest 85, L, and H.

The above lines of evidence are well nigh
unanimous in showing that early ability or
interest in science is far more commen among
children who later become physical scientists,
enginecrs, or biclogists than ameng those who
enter nonscientific fields. This has long been
recognized but has not yet received the atten-
tion it deserves in educational and vocational
guidance.

Vocational Interest Scores

The Strong blanks were scored for six
kinds of scientists: chemist, engineer, psychol-
ogist, physician, architect, and math-science
teacher.®® On every one of these occupations
the PSR group was either highest or second
highest in frequency of superior scoxes, group
E was highest or second highest on three, and
group M-B was highest or second highest on
two, At the opposite extreme group $5 ranked
lowest or second lowest on all six, and group
L was lowest or second lowest on five. The
only one of the nonscience groups that rated
high on any of these six occupations was group
H. which scored second highest for architect.

Consider next the eight occupations of
lawyer, author-journalist, artist, musician, min-
ister, YMCA secretary, social-science teacher,
and school superintendent. Here the situation
was reversed, with the science groups ranking
usually among the lowest, Group E was at the
bottom in seven of the eight, and PSR near
the bottorm in two and high in nene. Group
M-B ranked second highest for two of these
occupations (artist and minister} bhut neither
very high nor very low in the others. At the
other extreme, the highest or second highest
rank was held by group H on six of these
occupatiens, by group L on four, and by 85 on
two,

Then follow the data for eight business
occupations, and on nearly all of these the
three science groups ranked at or near the
bottom. Exceptions ‘were two high ranks for
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group E on purchasing agent and production
manager. Group SS ranked highest on six of
the eight bLusiness occupations and second
highest on another; group L was highest on
cne and second highest on three. Group H,
which most often ranked highest in the pro-
fessional oceupations discussed in the preced-
ing paragraph, was among the lowest of all
the groups on four business occupations and
high on none.

Finally, on masculinity of interests the
science groups ranked high and the nonscience
groups low. On proportion scoring A in their
own occupation, groups PSR and E were high-
est, and PBS lowest. On proportion who
scored B+ or A on seven or more occupations,
groups PSR and M-B were tied for top place
and groups E and PBS were lowest.

In general the results of the vocational
interest tests are clearly in line with the evi-
dence offered in the preceding section of this
summary.

Social Adjustment

There were some 18 variables that vielded
significant group differences on matters related
directly or indirectly to social adjustment. On
1 majority of these the nonscience groups
made u better showing than the science groups.
Most consistently high were groups L and 85;
most consistently low were groups PSR and E.
Data obtained in 1922 on four variables in this
category put group L at the top on every one;
these include sociality as rated by interest in
plays and games, average of composite parent-
teacher ratings on five social traits, and similar
pareut-teacher ratings on four moral and four
volitivnal traits, The lowest or second lowest
rank on all of these four vuariables is held by
group E, and on two of them by PSR, Only one
science group ranked as high as second from
the top on any of the four; this was group
M-B as rated by parents and teachers on social
traits.

Data on social adjustment obtained in
1940 showed a similar picture. Participation
in high school activities was greatest in groups
L and H, and lowest in groups E and PSR.
The self-rating on interest in pelitics showed
group L highest and group E lowest, The self-
rating on interest in social life showed groups
S5 and M-B almost equally high and group E



VARIABLES INFLUENCING CAREER CHOICE IN SCIENCE

again lowest. Also throwing light on social
traits are the vocational interest scores on such
“uplift” occupations as those of minister,
YMCA secretary, social-science teacher, school
superintendent, and life insurance salesman.
On all but one of these occupations both the
highest and next to highest ranks were held
by groups S8, L, and H. The exception was
gronp M-B which ranked second highest on
score for minister, Group E was lowest or sce-
ond lowest on all five of these oecupations, and
group PSR was lowest or second lowest on
two of them.

The biographical blank filled out by sub-
jects in 1951 furnished data for ten variables
that yielded significant group differences on
matters related to social adjustment. These in-
clude eight ratings on the following: interest
in social success at ages 12-20, interest in
outdoor sports at ages 12-20, social adjustment
in childhood and youth, extent to which § felt
“different” from other children, admiration for
mother in childhood and vouth, extent of af-
fection and understanding between son and his
father, extent to which S has suffered from in-
feriority feelings, and degree to which S has
tended to conform to authority or convention
(as contrasted with tendency to rebel}. Two
other variables were based on the proportion
of Ss who mentioned certain factors as having
contributed to life accomplishment, the two
factors that yiclded significant group differ-
ences being “good social adjustment” and
“good personality.”

Here again the science groups tend to
rate much luwer than the nonscience groups.
Group PSR was lowest of all the groups on gix
of the ten variables and second lowest on an-
other. Group E was lowest or close to lowest
on three and group M-B on four. The only high
rank of a science group on any of these ten
variables was that of group E, which was sec-
ond on freedom from inferiority feelings. At
the other extreme, group SS was highest for
social adjustment on five of the ten variables
and second highest on another. Group H was
highest or second highest on four and group L
on one. In the nonscience groups SS§, L, and
H, there was only a single variable on which
one of these groups rated at the bottom for
soctal adjustment; that was on feeling “differ-
ent” from other childven, most often reported
by group H,

64

Occupational Success and Life Satisfactions

There are eight variables worth noting in
this category that yielded significant group
differences. These concern the proportion of
subjects who—

1. Reported that occupation was defi-

nitely chosen, not drifted into

2. Began first consideration of their life

work before age 18 _

3. Chose the occupation that was first

seriously considered

4. Reported an earned income of $10,000

or more in 1949

5. Checked their “work itself” as an as-

pect of life giving greatest satisfaction

6. Checked their “income” as an aspect

of life giving greatest satisfaction

7. Reported that life offers satisfactory

outlets for their mental capabilities

8. Double-checked “adequate education”

as a factor in life success

Highest place or close to highest went
to group PSR on variables 2, 3, 3, 7, and 8;
to group E on 2 and 3; and to group M-B on
all except number 3. In the nonscience group I,
was highest or second highest on 1, 4, and 7.
Group 55 was lowest on 1, 2, 3, and 5; group
H was lowest on 4 and 8, and second lowest
on 2; group PBS was loweston 4,7, and 8.. . .

The present study of scientific achieve-
ment in our group of 800 men, despite its
many inadequacies,? has yielded valiable clues
to many characteristic differences between
scientists and nonscientists, and also to differ-
ences between groups of scientists. Especially
significant for the purpose of counseling and
guidance are the differences observable in
childhoed behavior, interests, and preoccupa-
tions that are found many vears later to dis-
criminate bhetween scientists and nonscientists.
The results we have obtained by Strong’s vo-
cational interest test argue strongly for the
value of this test in vocational guidance, es-
pecially if later research confirms Strong's
data on the relative permanence of an indi-
vidual’s interest patterns after the age of high

? gprronRs” NOTE: This study of gifted subjects
undertaken in 1921 was not specifically designed o
throw light on variables differentiating between seien-
tists and nonscientists, [4s purpose was broader and
more general, namely, identifying characteristics of
children rating in the top 19 for their respective ages
in “general” intelligence.
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school graduation. The group differcnces we
have found on this test, given at the average
age of 30 years, are all the more significant
in view of the fact that very few of our men
had been exposed to vocational counseling
gither in high school or college.

It is disappointing, however, that so many
of the varfables provided by the blank on
Supplementary Biographical Data failed to
vield significant group differences. It had been
hoped that the ratings on parents and on
parent-child relationships, together with other
questions in the blank calling for information
on factars influencing life achievement, might
throw much-needed light on motivational fac-
tors, A few of these items proved to be dis-
criminating but not enough of them to docu-
ment what we believe to be the decisive role
motivation has playved in shaping the lives of
these men. A new approach to this problem
should be made when the next follow-up of
the group is undertaken.

We wish to call attention to a fact not
primarily related to the purpose of thiz study;
namely, the frequency of superior achieve-
ment in this gronp of 800 men, selected in
childhood sclely on the basis of high IQ, in
companison with what could have been ex-
pected of a group of 800 boys of correspond-
ing age picked at random in the schoo! popu-
lation. The number who became research
scientists, engineers, physicians, lawyers, or col-
lege teachers, or who were highly successful
i business and other felds, is in each case
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B. Parental Influences

Introduction

Science is an intellectual profession which demands high achievement, and aspi-
ration toward intellectual goals. Science demands originality, a questioning of author-
ity, an eagerness to examine the “taken for granted.” Thus it places a high premium
on independence in thinking, autonomy, setting goals for oneself, and a willingness
to work in isolation. What characteristics in a child’s early environmental milieu, what
attitudes and values espoused by the family, would predispose him to such activity?
The selections in this section have investigated family interests and practices, atti-
tudes toward work, achievement, and accomplishment to establish the kind of milieu
that encourages the attributes and resources valued in scientific performance.

Using a retrospective design with a large number of faculty members from uni-
versity science departments and research scientists from industrial laboratories, West
examines whether the father’s occupational class is a good predictor of the son’s ter-
minal level of education. When the cut-off point for cducation is beyond the level of
high school graduation, class appears to have little or no effect, for strong selective
effects occur helow this period of life. The probability of getting the doctorate once
science has been chosen as an occupation seems to be the product of two independent
factors, the father’s class and the son’s age at graduation, However, the general notion
that social class does affect career preferences is borne out in the Werts study, which
examined this question through data from questionnaires filled out by more than
30,000 college freshmen. Werts was able to bring in an additional factor, that of father
modcling, because he questioned subjects about the specific nature of the father’s
occupation. Therefore, for some occupations he was able to separate the social class
effects from father-model effects, i.e., the desire of sons to follow their father’s occu-
pations. Since the modeling tendency is noted differentially in various socioeconomic
groupings, the relationship between social class and career preference seems more
complex than appcars on the surface.

The study of socioeconomic class and father’s nccupational level, as well as the
mother’s and father’s educational background (studied in some of the investigations
cited in the list of additional references), rests on the often-tested relationship be-
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tween these variables and the intellectual background of the home, and, in turn, the
educational and cultural opportunities offered to the child. The study of the social
origins of American sociologists, undertaken by Glenn and Weiner, has one additional
goal—to examine how social origins affect the development of the discipline of sociol-
ogy. From what background does an interest in sociclogy and orientations toward
sociological matters come? The authors find that Jews, Westerners, lower middle
class, and families headed by clergymen contribute more members to the sociology
profession than their proportional share, whereas a lesser than proportional share of
Negroes, Catholics, Southerners, working class, and rural population become sociol-
ogists, Their findings also provide some contrasting data with other professionals and
with the changes in the backgrounds of sociologists over a period of time, showing
that sociologists represent a more culturally mobile population than some of the other
professional groups.

Whereas the variables of occupational level of the father and the socioeconomic
status of the family relate to the child’s educational achievements, the study of the
implications of religious hackground for the child’s choice of work derives from quite
another focus. It has frequently been reported that achievement in the area of science
varies systematically with religious background. The inference is that somec values
and attitudes associated with particular religious backgrounds are more conducive to
scientific interest and achievement than are thosc associated with other religious
backgrounds. Datta’s study, therefore, attempted to determine if the reported rela-
tionship between religion and “creative” achievement found among adult male scien-
tists was also found among adolescents who differed in potential scientific creativity,
as demonstrated by the projects they submitted to the Westinghouse Science Talent
Search, Her results showed that in the adolescent samples potential scientific creativ-
ity ratings of projects submitted by students from Jewish families were higher than
the ratings of projects submitted by students from Catholic, “liberal” Protestant, and
“fundamentalist” Protestant backgrounds. However, she cautions that ascribing sup-
port of independent and creative thinking to cerfain religious attitudes can be mis-
leading, since the association is very much reduced for subjects from larger cities. It
was statistically reliable only for subjects from smaller home towns and of lower socio-
economic status.

The Nichols article examines childrearing attitudes of parents for subsequent
creativity in the child. This is one of the few studics in which the relationship between
mother and child, or at least certain aspects of it, has been successfully attacked. De-
velopmental psychologists have considered the emotional aspect of the home and the
subtleties of the relationship between parents and children important, even decisive,
variables in the socialization of the child. However, these variables have not been
readily accessible to study. Nichols has used the Parental Attitudes Research Instru-
ment with more than a thousand National Merit finalists at the end of the senior year
in high school, and assessed the originality of the children with a vaiiety of scales:
self-ratings, interests, and activity checklists and performance measures. Of the threc
factors measuring childrearing attitudes (authoritarian-control, hostility-rejection,
and democratic attitudes), only the first correlated with creativity and originality
beyond chance expectation, Children of authoritarian mothers obtain better grades
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in school or favorable ratings by their teacher even though authoritarian childrearing
practices tended to stifle originality.

While the readings in this section illustrate the strategies used in the search for
precursors that are salient for later scientific career choice, they alse show methodo-
logical difficulties that befall work in this area. The choice of variables in these, and
in the studies cited in the Suggested Readings, has not been accidental; at this stage
of knowledge, the variables have been those most likely to be implicated on the basis
of general understanding of development, and in feedback, on the basis of the demands
of research work, and on the characteristics that are valued in the scientific milieu.
But it is still impossible to say that the variables which thus far loek interesting are, in
fact, the salient variables. Unfortunately some of the most provocative developmental
variables are of the semiquantitative or qualitative nature, and thus extremely difficult
to test.

Nor have sufficient systematic comparative analyses been undertaken to know
whether those characteristics that seem unique for the scientist sample, are in fact
so. Also, at this stage of our understanding, it is difficult to know whether the vari-
ables singled out as precursors are truly predisposing factors: whenever such large
chronological gaps exist between events studied and later scientific work; positive
relationships between early developmental variables and later choice may be more
apparent than real.

SUGGESTED READINGS

Datta, L., and Parloff, M. B, On the relevance of autonomy: Parent-child relationships and early scientific
ereativity. Proceedings of the 75th Annual Convention of the American Psychological Associgtion.
Washington, D.C.,, 1967, 149-150.

Getzels, J., and Jackson, P, Family environment and cognitive style: A study of the sources of highly intel-
ligent and of highly creative adolescents. American Sociological Review, 1981, 26, 351-359.

Greeley, A. M. Beligion and career: A study of college graduates, New York: Sheed & Ward, 1963.

Nachmann, B, Childhood experience and vocational choice in law, dentistry and social work. Journal of
Counseling Psychology, 1960, 7, 243250,

Roe, A, Crucial life experiences in the development of scientists. In E, P. Torrauce { Ed.}, Talent ond Ed-
ucation. Minncapolis: University of Minnesota Press, 1960, 66-77.

Weisberg, P. 8., and Springer, K, Environmental factors in creative function. Archives of General Psychia-
try, 1961, 5, 554-564.

Werts, C. E. Paternal influence on career choice, Journal of Counseling Psychology, 1968, 15, 4832,

Class Origin of Scientists

S. Stewart West
The study reported here examines effects  two-fold: to discover what characteristics of
of parental class in determining who will be- personnel differentiate research organizations,

come tesearch scientists, using a sample of  and to identify mechanismgs which govern the
persons emploved in research, Its intent was  selection of individuals for training in science.
A retrospective design was used because the

Abridged and reprinted with permission of the phencmena of selection were of interest chiefly
aothor and the American Sociological Association as they determine the characteristics of men
from Sociometry, 1961, 24:251-269. who are ulimately emploved by research or-
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ganizations. One wishes to know primarily
what kind of person produces new knowledge,
in order to predict the nature and quantity of
the product,

SAMPLE

The data were obtained as part of a larger
study of reseurch organizations by means of
questionnaires administered to the entire staff
of each of five industrial laboratories and seven
science departments of a large midwestern
university, including all persons classified in
scientific grades by the industrial organiza-
tions and all persons of faculty rank in the
university departments. Numbers of question-
naires and characteristics of organizations are
summarized in Table 1,

Table 1. Composition of Sample

The sample is strictly representative only
of the cooperating research organizations,
These lie in the northeastern guarter of the
United States and have sizes reasonably char-
acteristic of those industrial organizations
whose scientific employees are used for re-
search and for fundamental improvement of
products rather than for optimization and eon-
trol of manufacturing processes, Departments
surveyed at the umiversity {Organization I)
were anatomy, biochemistry, mathematics,
physies, physiology, psychology, and sociology
—all in basic science,

It is doubtful that a genuine probability
sarnple could be drawn on the basis of present
knowledge of relevant variables, and a survey
of the total research population, even if feas-
ible, would be hard to justify. The similarity

Research organization I 11 m w v Vi Total
Type of research® R R.AD AD AD D D —_
Percentage persons with doctorate 97.7 43.4 11.8 3.7 2.5 ¢ 34.7
Total persens in research { total

questionnaires 238 218 60 213 129 70 928
Completed questionnaires with

father’s occupation 176 am 51 18¢ 110 59 777
Ne. in mathematies, physics, or

chemistry 79 112 51 180 110 59 91
No. in biological seience a8 B89 0 O 0 0 127
No. in sacial seience 59 0 0 0 0 0 59

# R denotes basic regearch, A denotes applied research. D denotes development.

Father's occupation (at the time the re-
spondent was in college) was classified accurd-
ing to the scale described by Kinsey, Pomeroy,
and Martin (2, pp. 77-79), in part to obtain
direct comparability with their data on the
social mobility of a sample of 28945 males from
the same general region as that from which
our sample was drawn (2, p. 418). Distribu-
tions of respondents in father’s elass are shown
in Table 2 for the persons with the doctorate
and persons without, in each of the six organ.
izations. Class 2 contains unskilled labor, class
3 semi-skilled labor, class 4 skilled labor, class
5 lower white-collar occupations, class 6 upper
white-collar occupations, class 7 professionals,
class 8 major business executives, and class ¢
the independently wealthy. Farmers, who nor-
mally fall in classes 4 and 5, are here distin-
guished as a separate class,
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of our six sub-samples suggests that variation
within an organization greatly exceeds varia-
tion between organizations, Since inferences
are chiefly to be drawn from intra-sample
comparison, the sample may therefore be re-
garded as adequate for the purpose in view.

DISTRIBUTIONS IN FATHER'S
OCCUPATIONAL CLASS

Differences between Organizations

Comparison of the distributions in Table
2 indicates that research organizations differ
much more in the amount of training they re-
quire of their employees than in respect to the
distribution of these researchers in class of
origin. Chi-square tests show no significant
differences between any two of Organizations
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Table 2. Distribution of Sample in Father's Occupational Class

Number of persons with fathers in stafed class

Research
Category orgunization 2 3 4 F 3 [ 7 Bord Total
With doetorate 1 0 7 16 11 57 41 39 1 172
II 4 4 8 9 23 23 14 2 87
ir - - — 2 1 2 1 - 6
v — - 1 1 1 1 1 2 i
¥ — - — - 2z 1 - - 3
VI - - - - — - - - 0
Tatal 4 11 25 23 &4 68 55 5 275
Without doctorate I - - — - 2 2 — - 4
1) 1 15 23 17 14 25 17 2 114
111 2 4 10 5] 9 9 5 0 45
v 5 25 43 5 55 24 15 1 173
Vi 2 14 19 7 31 23 10 1 107
YI - 6 11 4 23 8 7 - 59
Total 10 64 106 39 134 91 54 4 502
Some graduate training {82%
to master’s degree but
not beyond 1 15 25 14 26 17 18 1 117
B.A. or B.S. 9 147 71 17 94 66 34 3 341
No college degree (75% with
high school only) ] 2 10 8 14 58 2 0 44
Total persons in sample 14 7S 131 62 218 1589 109 9 777
Porcentage of sample 1.8 a9.7 16,9 8.0 28.1 20.5 14.0 1.2 1000
Percentage of persons ’
with doctorate - 15.0 19.0 37.0 39.0 43.0 500 — -

Il to VI in respect to the distribution of per-
sons withgut the doctorale, and ne significant
difference between Organization I (the uni-
versity) and the total of Organizations II to VI
{industrial laboratories) in respect to distribu-
tion of persons with the doctorate. Here class 2
was combined with class 3, and classes 8 and 9
with class 7, leaving five degrees of freedom.
'The chi-square probability lay between 0.3 and
0.7 for all the above comparisons. It is there-
fore appropriate to combine distributions of
persons with the doctorate and combine dis-
tributions of persons without the doctorate.
The combined distributions differ at the .001
level of chi-square.

This is to say (on the hasis of the data of
Table 2} that the university is indistinguish-
able from the industrial laboratories and the
industrial [aboratories from one another, when
one controls for differing proportion of per-
sons with the doctorate. However, probability
of possessing a doctorate appears to be related
to parental class, as may be shown by com-
puting the fraction of persons from each class
who have the doctorate (last line of ‘I'able 2).
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This fraction shows a sharp discentinuity at
the boundary between mannal and white-col-
lar workers, and increases only gradually from
that boundary toward higher classes, It is, how-
ever, almost as large for class ' {farmers) as
for the white-collar classes, so that in this re-
spect the farming fathers resemble persons of
class 5 rather than class 4. This is reasonable
in that most responses suggest farms which
represent rather large capital investments,

Probability of Achieving the Doctorate

The data do not permit finer diserimina-
tion than that between manuallabor and
white-collar classes; that is, between a stratum
A containing classes 2, 3, and 4, and a stratum
B containing classes F, 5, 6, 7, 8, and 9. Within
each stratum, the distribution in class of per-
sons with the doctorate is indistinguishable
by chi-square test from that of persons without,
the chi-square probability being 0.43 (at 2 df)
far stratum A, and 0.64 at (4 df) for stratum
B. OF 220 persons in stratum A, 40 had the
doctorate, while of 557 persons in stratum B,
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235 had the doctorate, or 18.2 per cent and
42.2 per cent, respectively.

Delay in completion of undergraduate
study suggests itselfl as an explanation of the
markedly lower probability of possessing a
doctorate among children of manual workers.
In our sample, probability of a doctorate de-
creases exponentially with age at bachelor’s
degree, by almost tenfold per decade (Table
3}, The ratio of number of persons with the
doctorate to total persons who received a bach-
clor’s degree at a given age of # years can be
expressed as & 11180748 which fits the observa-
tions very well, with chi-squarc probability
larger than 0.9. This ratio is unity at I8 years
of age, and decreases to .074 at age 30, Some

elor’s degree, since expected values of number
of persons with the doctorate computed ac-
eording to a hypothesis of independence do
not differ significantly from the observed num-
bers, This is a stronger statement than to say
that, when age at bachelor’s degree is con-
trolled, the overall class-differentiation does
not change, and it is worth demonstrating in
detail.

Referring to the lettered columns of Table
4, let a be the total number of persons and b
the number with the doctorate in stratum B in
a given interval of age at receipt of bachelor’s
degree, and let ¢ and d be the corresponding
numbers of persons in stratum A. The hypothe-
sis that the ratio of the probability of possessing

Table 3. Distribution of Sample in Age at Bachelor's Degree

Number of persons

Probability of

Age t at With doctorate doctorate { from
B.A.or B.S. Total {n) CObserved  Predicted Diff. fitted curve)
18 1 1 10 0.0 1.00
19 4 4 3.2 0.8 .80
20 33 20 21.3 —-1.3 .65
21 a3 46 48.6 —2.3 0.52
22 185 i) T6.9 3.1 0.42
23 945 33 823 2.7 0.34
24 &6 18 178 0.2 0.27
25 67 15 14.5 0.5 0,22
26 53 4 9.3 —53 .18
7 24 5 bR ) 1.6 0.14
28 22 3 2.5 0.5 0.11
29 20 1 L5 —{.8 0.09
30 1z 1 0.9 .1 0.07
3 10 1 0.6 0.4 0.06
3242 13 4] 1.0 — L0 0.05 to 0.003
Over 42 0 e] 0 0 —_—
No B.S. 44 o 0 {4 —
Total 743 259 — — —

Predicted number with dectorate = n e -2 4¢ by fitted curve. Totals are here re-

duced by missing data.

error is introduced by neglect of persons who
will later obtain doctorates by leaving their
jobs to return to scheol or by part-time study,
but this error may be expected to be small.
Children of manual workers do graduate
from college somewhat later than children of
white-collar workers and farmers, as shown by
the distributions in Table 4. However, it ap-
pears also that the manual/white-collar differ-
ential in fraction having the doctorate has little
or no dependence upon age at receipt of bach-

a doctorate in stralum A to the corresponding
probability in stratum B is independent of age
at receipt of the bachelor's degree then re.
quires that d/c = k{bsa}, or d = kbc/a, where
k has the same value for any age.

Expected values of d computed from this
formula with k = % are shown in Table 4.
Since comparison with observed values yields
a chi-square probability of 0.74, it cannot be
asserted that delay in graduation from college
produces the manual/white-collar differential
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Table 4. Effect of Agc at Bachelor's Degree on Relation of Probability of Doctorate

to Parental Class

Number of persons inclass 2, 3, or 4

Number of persons in
class For5to9 With doctorate
Age at B.A. (b)Y With {¢) {d)
or B.S. {a) Total doctorate Total CGbserved  Expected Diff.
18 to 20 32 23 5 2 1.8 0.2
21 73 41 20 5 5.6 —{.6
22 138 &9 43 9 10.8 —18
23 59 25 33 8 7.0 1.0
24 42 14 292 4 3.7 0.3
25 43 11 1% 3 2.4 0.6
26 or more 78 10 61 3 3.9 —0.9
Total 465 193 203 34 35.2 —_

The predicted number of doctorates amoug persons from classes 2 to 4 is computed on the
assumption that the probability of & ductorate is half the probability among persons from

classes F to 9. Taotals are reduced by missing data.

in  probability of possessing the doctorate.
Hence the data indicate that probability of
possessing the doctorate, having graduated
from college and chosen rescarch as an oc-
cupation, is expressible as the product of two
independent factors, one which is a function
only of father's class and one which is a func-
tion only of age at graduation. Their inde-
pendence seems as important as their func-
tional forms.

Persons without the Doctorate

Division of the non-doctorate category of
respondents into persons without college de-
gree, persons with B.A. or B.S. only, and per-
sons with some graduate trajining (Table 2)
indicates that parental class affects chiefly the
latter portion of doctoral training. If class F
{farmers) is excluded, these three component
distributions in parental class do not differ
significantly among themselves, although their
sum does differ from the distribution of persons
with the doctorate, as pointed out previously.
However, children of farmers constitute 19
per cent of the high-schnol graduates and 18
per cent of persons with some graduate train-
ing, but only 5 per cent of those who termi-
nated their education ar the bachelor’s degree.
The absolute differences in number are too
small to warrant more speculation than that
rural children may possibly be less inclined
than wban children to persevere in education
merely to reach an approved terminal level
The important point here is that, for persons
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oriented toward research as an oeccupation,
parental class appears to exert little selective
eflect between the end of high school and the
mid-peint of graduate training.

The 44 persons who were engaged In
research without college degrees (Table 23,
three-fourths of them with no formal training
beyond high school, were following a quite
different career sequence. They were not
merely technieal assistants, but were employed
at the same levels of task and salary as many
of the persons with college degrees. It should
not be forgotten that any of the formal stages
of training can be hy-passed under special
circomstances. One can enter college without
graduating from high school, or enter graduate
school without having been an undergraduate,
although such events are rare. Nevertheless, it
is surprising to find that the self-taught scien-
tist has so large a place in modemn research,
although Visher's sample contained many such
who attained eminence at an earlier period
{10, pp. 338-360). ...

EFFECT OF PARENTAL CLASS ON
ACHIEVEMENT OF EMINENCE

Comparison with samples of other inves-
tigators (Table 5) indicates only a small over-
all effect of parental class on achievement of
eminence, although a significant one as be-
tween Visher's sample and the persons with
doctorate in Table 2. However, the markedly
smaller contribution of classes £ and 3 to the
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Table 5. Comparison with Samples of Other Investigators

% Fathers in stated cluss

Sample

Composition of sample® Zor3 4, F,or5 GicQ size

Men with .G, over 135 {Terman and Oden) B 26 66 766
Professional men { Kinsey ef al.) 8 36 56 671
Eminent physicists and biologists { Roe) 1] 42 58 42
Eminent scientists { Visher) 1 48 a1 849
Researchers with doctorate, Table 2 5 48 47 275
Physicians, 1940 {Rogoff) 12 46 42 105
Researchers with some graduate teaining, Table 2 14 55 31 117
Researchers with four years of college, Table 2 16 54 30 341
Engineers and scientists, 19490 { Rogoff ) 9 63 25 178
Researchers without college degree, Table 2 5 93 23 44
Contemporaries of persons in Table 2 Total
{adjusted for the effect of siblings) 44 46 o USA

® For sources, see references 1, 3,4, 5, 7, 9.

samples of eminent scientists raises again the
question of whether class-related trvaits of
personality may not restrict the range of op-
portunity accessible to children of unskilled
and semi-skilled fathers. Average parental class
trends upward in Table 5 with amount of
formal training, but it has been shown previ-
ously that by far the most critical point of
selection ocewrs at the level of the master's
degree, and that here the critical distinction in
parental class is between blue-collar and white-
collar fathers. . ., .

SUMMARY

Faculty memhers in seven science de-
partments of a large university and research
scientists in fve industrial laboratories were
found to be distributed in father’s occupational
class in such a way that (a) there were no
significant differences between organizations
when the fraction of persons having the doe-
torate was controlled, and (b) there were no
significant differences (when children of farm-
ers were excluded) between terminal levels of
education from high-school graduation to mas-
ter's degree. The fraction of persons having
the doctorate averaged 18 per cent for children
of manual workers, und 42 per cent for chil-
dren of white-collar workers and farmers. In
either of these categories, there was no signifi-
cant difference between the distribution of
persons with the doctorate in father's class and
that of persons without the doctorate.

In this sample of persons engaged in re-
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search, the fraction of persons possessing the
doctorate decreased cxponentially with age at
bachelor’s degree, from unity at 18 years to
0.07 at 30 years. This relation was independ-
ent of the effect of father's class.

Reports of motivation for engaging in re-
search, obtained from a subsample of the re-
spondents, showed a well-defined hierarchy of
motives, but no significant differences in report
of the four major motives in relation to {a}
possession of the doctarate, (b) basic vs. ap-
plied research, (¢) blue-collar father vs. white-
collar father, {d) organizational status, (e)
birth order or number of siblings, or (f) pro-
ductivity among persons at the university.!
However, non-mobile persons {(having profes-
sional fathers) did differ significantly in re-
ported motivation from persons who had been
mobile in class.

The major observations were therefore (a}
that the researchers were quite homogeneous
in reported motivation, {b) that father’s class
produced liitle selective effect between gradu-
ation from high school and the level of the
master’s degree, (¢) that strong selective ef-
fects occurred below and above this period of
life, and {d) that the latter selection was
chiefly characterized by a contrast between
blue-collar and white-collar fathers. As an in-
terpretation of these phenomena, it is sug-
gested: that there exist certain motives and
modes of thinking characteristic of research;

* EDITORS. NOTE;: See original report for studies
of motivation toward research.
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that these are induced during childhood {with  ment in research; and that selection at the
probabilities directly related to parents’ oceu-  highest level of graduate training is produced
pational class); that persons in whom they largely by other characteristics of personality,
have beer induced will seek the congenial  related to parental eclass but not to ability in
activities of learning and {ultimately) employ- research.
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Social Class and Initial Career Choice of College Freshmen

Charles E. Werts

In an excellent study of 33,982 recent SES in Davis study. This procedure could in-

college graduates, Davis found considerable volve error due to faulty recall of freshmun

variability with respect to the social class com-  career preferences. Added to this problem is
position of freshman career preferences! He the fact that only about 80% of entering
foond engineering and education to be over- freshmen graduate. Thus, it is not certain that

chosen by low SES students, whereas medi- the same SES bias would be observed in the
cine, law, humanities and the social sciences career choices of a more representative group
were overchosen by high SES students. Prefer- of freshmen. Since information on freshman
ence for business, hiological science and the  career choices at the time of entrance into
physical sciences was not clearly related to college was available from a previous study,?

these results were examined to see if the SES
Reprinted with permission of the author and the relationship to career preferences was similar

American Socivlogical Association from Sociclogy of to that found by Davis,
Education, 1966, 39:74-85.

! James A, Davis, Great Aspirations, Graduate

School Plans of Americe’s College Seniors, Chicago: * Alexander W. Astin, “Recent Studies of College
Alding Publishing Co., 1964, Following Davis, the Environments,” paper presented at the annual meeting
initials SES indicate sociceconomic status, derived of the American Personnel a2nd Guidance Association,
herein from father’s occupation. Minneapolis, 1985,
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DATA COLLECTION

In the fall of 1961, a brief questionnaire
was administered to 127,212 freshmen enter-
ing 248 heterogeneous colleges and universi-
ties® With a few exceptions, this sample in-
cluded the entire entering freshman class at
each institution. In the summer of 1962, ap-
proximately equal numbers of students from
cach institution were sent a 12 page follow-up
questionnaire. In large institutions, random
sampling was used to select those sent a ques-
tionnaire. In epeducational institutions, males
and females were chosen in approximately
equal numbers. Of the approximately 60,000
questionnaires sent out, about 55% were re-
twrned. The percentage of respondents per
institution varied from 20% te over 90%,
high rates being obtained from the more highly

*The details of the college selection procedure
can be found in Alexander W, Astin, Who Goes Where
to College?, Chicago: Science Research Associates,
Inc,, 1965,

selective colleges and universities. After dis-
carding guestionnaires with large amounts of
missing information, a sample of 16,141 males
and 14,417 females remained. The analysis was
done on 30,558 students for whom sophomore
information was available. This information
would be useful in later studies conceming
changes from the freshman year career choice.
Information on father’s occupation and
student’s probable future career was obtained
from frec response items on the initial fresh-
man questionnaire. Father’s occupation was
coded by hand into the categories shown at
the top of Tables 1 and 2. {“Other” includes
a variety of small accupations which generally
require college graduation.) The percentage
of fathers in each category is noted at the top
of these tables, Analysis was donc separately
for men and women because the social class
distribution of college women is different from
that of men. Probable future occupation was
originally coded into 49 categories, but only
categories containing more than 1% of the
males or of the females were included in the

Table 1. Percentage of Each Career Choice by Occupation of Father*

Men
Father's ocoupation
Group [ Group IT
6.02% 408% 3.51% 1.14% 382% 681% 194% 1.34% 23.72% 7.96%
Tech- Busi-
Son’s career N= Manual Semi-  Service Skilled ~ Fore-  nical nEsS- Sales-
choice 100%  Farmer  laborer skified worker Clerical worker  man  worker  man man
Engineer {1999} 6.15 510k 455 145 460° 925° 2.80° L80® 2261 6.45°
Teacher (1813) 10.26* 7.78° 5.24° 1.49 5.24° I0.87% 2,04 1.20 17.82%  §.39°
Physician {1575) 1.33¢  218° 2.16* .59 3.17 5.14* 1.27* B3¢ 26.67%  8.57
Businessman (928) 3.99" 2.26° 151° 65 2.48%  3.99% 153 B8 4407 0.81°
Lawyer {869) 3.34¢ 2.85° 1.61* .92 2,88 311" 161 46° 2635 11.74°
Chemist (484} 4.5 5.58 3.10 1.24 599* 826 2,27 1.24 20,45 744
Accountant {420} 10.060* 6.43* 429 1.67 6.67° G.05° 2.86 1.90 20.95 3.95
Physicist {391) 3.52° 332 3.84 51 5.63°  6.14 1.79 1.33 18.16* 7.67
Clergyman (305) 6.23 5.2% 3.28 1.64 4.92 8.52 1.31 230 18.36¢ 9.51
Dentist (297) 3.03* 2.69 4.04 1.35 370  5.39 2.02 3.03° 24,92 .09
College prof. {239) I1.26% 293 3,77 42 2.51 6.28 2.51 42 18.41% 837
Mathematician ~ (235)  2.35% 5596  3.40 1.28 426 766 213 2.55 2088  3.09
Farmer §230) 39.13° 391 3.04 43 2,61 7.39 1.30 1.30 1261% 565
Architect (193) 207" 311 4.66 1.04 2.59 5.90 158 0 2280 1244
Foreign ser. {179} 5.59 3.91 1.68 1.68 3.91 2.232 56 2.23 2402 T7.26

* Reading horizontally from the career choive of engineer, one can see that 5.10% of the 1999 males chaostng
engineer were soms of manual laborers, whereas only 4.08% of the males in the tota! sample were sons of manual

laborers.

» Where the percentage of those in a given career is significantly different from the expected value it was noted
with an asterisk, Those percentages which z2re significantly high are italic and asterisked. Those percentages which

are significantly low are merely asterisked,
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tables, This included 15 career choice cate-
gories for men and 11 for women {(one of
which was housewife), Cross tabulations of
career choice with father’s occupation were
done, Tables 1 and 2 were constructed from
these cross tabulations by converting the num-
ber of persons in each ccll of the cross tabula-
tion to a percentage of all those choosing that
particular career. To facilitate examination of
SES trends, father’s occupations were further
categorized into four groups in Table 1.

I. Fathers’ occupations in which the
modal education of the fathers was a
high school diploma or less

II. Father's occupations in which the
modal education of the fathers was
sorne college

III. Father’s occupations in  which the
modal education of the fathers was a
baccalaureate degree

IV. Father's occupations in  which the

modal education of the fathers was an
advanced degrec

Table 1. {(continued)

The results of this grouping are shown in
Tables 1 and 2.

If father’s occupation did not influence
career choice, the percentage of sons or daugh-
ters in each cell would be the same as the per-
centage of fathers having that particular occu-
pation. In Table 1, for example, 3.82% of the
males were sons of clerical workers. If careers
were selected randomly with respect to father’s
occupation, 3.82% of those in each career
choice would be sens of clerical workers. In-
sofar as the percentage of sons of clerical
workers in any career choice is statistically
different from 3.82%, it may be hypothesized
that being the son of a clerical worker does
influence the choice of that career. Sons of
clerical workers can be said to overchoose ac-
countant since they make up a greater per-
centage {6.687%) of those choosing account-
ing than would be expected from the per-
centage of sons of clerical workers (3.82%)
in the sample. Every entry in Tables 1 and 2
was tested to see if it was statistically different
(at .05 level of significance) from the percent-

Father's oceupation

Group ITI Group IV Summary
2.19% 1.65% 3.69% l.41% 7.70% 1.18% 3.07% 2.43% 28.67% 31.68% 16.64% 6.65%
College
Account- Engi- Clergy- pro-  Physi- Group  Grotp  Growp  Group
ant Teacher  neer man Other  fessor  cian Lawyer I u I L
2.35 1.35 5.90° B0 6.75 S50% 1.15% ST9* 35.72¢ 2006 17.16 2.40°
1.60 2.54% 199* 1.88 4.47¢ 662 1.16° B6% 44.13% 24274 12.47%  2.48%
2,35 1.52 4.06 121 8.76 B9 1371 279 16953% 3524% 17.90  I7.40°
97 1.08 2.16* 43 4.21° 547 206" 151 17.56% S53.88° 5.04* 4.09¢
2.42 1.38 2.88 1.4 7.539 1.04 1.96% 12.54° 16.80° 38.09* 1530 [5.54°
2.48 2,48 4.55 1.24 8.06 1.03 1.24* 1.65° 32.44° 2789 18.80 3.93°
4.25% 45 1.19%  1.43 3.57* .48 A8% 119 42.886% 2690° 11.67% 2.14°
3.84* 1.99 665> 1.02 [11.25°* 179 3.07 2.56 2609 2583° 24.55* T.42
1.31 1.97 164% 7.54® 623 .66 1.64 B3¢ 3344 2787 1869 2.629
2.36 1.68 3.37 BY  14.81° 34 2.02 2.02 2525 3401 2290° 433
2.51 3.77° G428 209 0.8 8.79® 3435 3.35  20,08° 26.78 25.52° 15.48*
4.68¢ 0213 5.11 213 8.51 1.7¢ 1.28 .85 29,79 2894 22353% 383
2.17 1.30 1.74 B7 J.91¢ 0 o® 43% 50.13* 18.26* 10.00° .43#
1.55 2,07 8.81° .52 10.88 52 2,50 1.55 20,73® 3523 23.83° 4.66
2.79 3.35 4.47 223 I11.73° 26 168 3.35 21.79% 31.28 24.58 554
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age of fathers in that occupation. For the rest
of the discussion, “overchoose” will refer only
to statistically larger percentages than ex-
pected and “underchoose”™ to statistically
smaller percentages than expected in any cell
of Tables 1 and 2,

RESULTS

Looking at the summary portions of
Tables 1 and 2, it can be ohserved that stu-
dents from the lowest SES grouping, Group 1,
overchoose the following careers;

Men Women
engineer teacher
teacher nurse
chemist lab technician
accountant
elergyman
farmer

Neot only did no other SES group overchoose
these careers, hut they are all underchosen
by the highest SES grouping, Group IV.

Those cuareers overchosen by students
from the highest SES grouping, Group IV,
were:

Men

physician
lawyer

Women

social worker
physician

foreign service
psychologist
housewife

college professor

These carecrs are underchosen by the lowest
SES grouping, Group I, {except for the cheice
of social worker, which is low but not signifi-
cantly so), and in no case were they under-
chosen by SES groups I and IIL

The third broad grouping of career
choices are those overchosen by SES Group 1I
and/or Group I, but in no case overchosen
by either Group I or Group IV, These were:

Men Women
physicist journalist
dentist speech therapist
mathematician
architect
businessman

foreign service

An unexpected finding in Table 1 was that in
every case where son’s career choice matched
father’s occupation a significant degree of over-
choice was observed, This occurred whether or
not that career was overchosen or underchosen

Table 2. Percentage of Each Career Chaice by Qccupation of Father?

Women
Father’s occupation
Group I Group II
6.39% 2.94% 5779 1.01% 3.46% 296% 1.66% L1.32% 23.69% 7.7i%
Tech- Busi-

Daughter's N= Manual  Semi- Sersice Skilled  Fore-  nical  ness-  Sales.
career choice 100% Farmer Leborer  skilled  worker  Clerical  worker man worker  man man.
Teacher {5814) §004b g 0ov  T20e 1,22 4.27*  3.18 2.24% 1.34 21.84% 703
MNurse {583} .09% AT 8.40° .86 3.43 3.77 2.57 2.06 18352% 8.23
Lab. technician  {418) 8.85 2.88 7.69 96 5.53*  5.05* 1.20 72 21,15 8.41
Social wozker (412) 4.61 2.18 7.04 Rivd 3.40 3.40 49 121  23.79 6.55
Physician (331 1.81* 1.81 3.02®=  1.21 3.32 2.42 1.81 A0 10.03° 905
Foreign serv. {293) 171 191 1.37¢  1.02 2.05 2.05 L2 B34 30003 BA4S
Clerical {283) 9.54% 424 6.36 1.06 1.06% 4,59 a5 177 2544 8.83
Psychologist {232) 86t 216 3.02¢ .B6 2.16 3.45 2.59 46 2069 9.05
Housewife {217} 7.83 2.30 4.61 46 1.84 1.38 99 0 2350 7.37
Journalist {212) 1.89¢ 236 3.77 .47 4.72 1.42 1.59 142 2736 9.43
Speech therapy {172) 2.91 2.33 4.07 1.16 2.33 291 1.16 1.1 3081+ 872

* Reading horizontally from the career choice of teacher, one can see that 4.02% of the 5814 females choosing
teacher were daughters of manual laborers, whereas only 2,94% of the fernales in the total sample were daughters

of manual laborers.

b Where the percentage of those in a given career is significantly different from the expected value it was noted
with an asterisk. Those percentages which are significantly high are italic and asterisked. Those percentages which

are significantly low are merely asterisked.
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by others from the same SES group. Thus, it
can be observed that engineers’ sons are the
only ones in SES groups II, III, or IV who
overchoose engineering. To explore the impli-
cations of this finding, the percentage of sons
who chose their fathers’ occupations (hence-
forth called a “father-model choice™) was cal-
culated along with the percentage of other
sons who made the same career choice. This
comparison was necessary in order to separate
the general SES effects, noted previously, from
the father-model effects. This information is
presented in Table 3, along with appropriate
percentages taken from Table 1. Some father’s
occupation categories {professions only) which
were previously discarded were re-examined
and it was found in each and every case that
sons significantly overchose their fathers oc-
cupations.

DISCUSSION

Although somewhat different career cate-
gories than those used by Davis were used in
this study, the results show a considerable area
of agreement, In both studies, engineer and
teacher were overchosen by low SES groups.
The present findings indicate that chemist,
accountant, clergyman and farmer should be
added to the list of careers favored by men of

Table 2. {continued}

lower SES background. The list should include
nurse and lab technician for women, in addi-
tion to teacher. The most significant owver-
choice for this group was teacher, In both
studies, lawver and physician were overchosen
by higher S8ES groups. The present findings
indicate that higher SES men also favor college
professor. Higher SES women overchoose so-
ctal worker, psychologist and foreign service,
in addition to physician.

The finding of a group of careers which
are not overchosen by either the highest or
lowest SES groups, but are overchosen by
mtermediate SES groups can be interpreted
in a varicty of ways. One explanation is the
intermediate prestige and status level of these
careers. The careers which fir this category for
men (physicist, dentist, mathematician, archi-
tect and foreign service) are probably more
rewarding in prestige satisfaction or financially
than teacher, engineer, chemist, accountant,
clergyman or farmer, but vsually less reward-
ing than lawver, physician ar college profes-
sor. The same seems true for women’s careers.
That is, journalist and speech therapist may
be more rewarding than teacher, nurse or lab
technician, but less so than sorial worker,
physigian, psychologist or foreign sevvice.

One may further speculate that, for men,

Father's occupation

Croup IH Group IV Summary
2.14% 1.96% 4.74% 1.69% 8.71% 1.27% J3.66% 2.54% 25.52% 1 40% 19.23% T.46%
College
Agcount- Engi- Clergy- pro- Physzi= Group  Group Group  CGroup
ant Teacher  neer man Other fessor cion  Luowyer I 7 I w

2.01 2,24 3,75¢ 169 7.38 797 2018¢  2.01® 31.56% 28.77% 16.72¢ 4.99®
2.06 2.93 4.12 2.74¢ 600 86 4,80 H9° 33.96° 26.76* 17.15 6.35
216 2.16 5.49 1.68 6.25 96 3.37 96° 32.69* 29.57 18.75 5.20%
2.18 1.94 4.37 2.43 8.25 243% 5358% 4.37% 23.30 3034 19,17 12.38°
1.81 2.11 816" 211 1118 3.63¢ 9.97% 363 15.71* 27.19 25.38¢ }7.22%
273 2.04 4.78 1.02  12.63 34 8.53* 273 11.26" 36.52° 2321 11.60°
1,08 212 4.95 1.41 2.47 Tl 1.77 1.41 28.98 34.2% 12,01* 3.89¢
2.16 2.16 6.03 172 1217 43 7.33% 345 15.95% 29.74 24,14 I11.21°
230 1.94 4.61 1.84 11.06 2.30 6.89i¢ 415 9.35* 30.88 21.66 13.36%
1.85 A4 4.25 S4 1651 1.89 1.89 3.30  17.92° 36.79 24.53% 7.08
1.16 1.74 4.65 { 6,98 1.16 3.81 174  18.02% 39.53% 14.53 8.72
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Table 3. Father-Model Career Choice Data on Sons Choosing Their Fathers

Occupations
Percentage of all fathers  Porcentage expected Percentage of all sons
Son's in occupation whose to make this choosing this career

father-madel sons make a father- career choice at the who make @ father-
careet choice madel caréer choice® same class level® model career choice
Engineer 19.80% 10.77% 5.50%
Teacher 17.292 7.44% 2.34%
Physician 43.64% 9.95% estimated 13.71%
Businessman §.02% 3.50% estimated 44.07%
Lawyer 27.74% 3.80% estimated 12.54%
Chemist 7.95% 3.23% 1.45%
Acecuntant 5.38% 1.20% 4.52%
Physicist 22.22% 3.45% 1.02%
Clergyman 10.09% 1.38% T.54%
Dentist 22.02% 1.78% 7.41%
College prof. 11.05% 2.03% 8.79%
Farmer 9.26% 1.26% 39,13%
Architect 6.67F 1.63% 1.55%
Biologist 16.67% SOVE 1.43%
Toumalist 11.25% JT8% 6.72%
Pharmacist 11.25% Riily 4 6,958%
Military 12.75% 50% 10.83%

» All those listed are significantly higher {at .05 level) than the percentage expected

at the same class level,

® Actnal percentage of appropriate class who make this career choive, ecaleulated
with father-madel accupation excluded from the class. In cases where there would be

distortion, the percentage was estimated.

there is a definite “range” of careers to which
children of a given social background aspire.
Thus the lower SES levels, Group I, aspire
toc the more pedestrian careers such as engi-
neers, teacher, accountant, chemist, clergyman
or farmer. Some of the most favored from this
group might aspire to intermediate status ca-
reers such as mathematician, physicist, or den-
tist, but very few aspire to physician, lawyer,
or college professor. Probably in the effort to
maintain their status high SES sons overchoose
only the highest status careers such as physi-
cian, lawyer or college professor, although
some may be drawn to such respected careers
as physicist, mathematician, architect or for-
eign service.

This description corresponds with the idea
that it is difficult to take morc than one step up
the social ladder without special advantages
{i.c., financial, personality, or intellectual}.
The present findings suggest that one step up
from the lowest SES groups is equivalent to
aspiring to teacher or engineer. One step up
for sons of intermediate SES groups is equiv-
alent to aspiring to physicist, mathematician,
architect, lawyer, physician or college profes-
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sor. Sons of high SES groups are obviously
more limited in their range of choice if they
are to maintain themselves at the SES level of
their parents.

The most notable finding in Table 1 is
the significant degree of overchoice whenever
the son’s career choice rnatched the father’s
occupation, cven if that particular career is
generally underchosen by persons from that
SES group. One may observe that sons of
engineers, teachers, and accountants, who
made such a father-model choice, are the only
sons of professional parents to overchoose those
careers. This effect is of particular importance
to career choices such as business. The same
is true of farming, There, 9% of the sons of
farmers choose farming and comprise 39% of
all those making the choice. If the father-
model effects were corrected for, the under-
choice of businessman and farmer by all other
SES groups noted in Table 1 might indicate
that these careers have even lower prestige
than teacher. The methodslogical point is that
the father-model cffect must be controlled if
general social class effects are not to be ob-
scured. When the desire of higher SES sons to
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maintain their social level is veinforced by the
father-model effect, the sons’ overchoice can
be highly overdetermined, as seen by the fact
that 43.6% of physicians’ sons choose medi-
cine and 27.7% of lawyers’ sons choose law.
Thus, looking at Table 1, it can be observed
that sons of physicians gverchoose medicine,
sons of lawyers overchoose law, and sons of
college professors overchoose college profes-
sor. In no case did sons of physicians, lawyers,
or professors overchoose any other career but
their fathers’,

The father-model effect is generally not ob-
servable in women’s career choices because, as
seen in Table 2, women seldom choose a male
career such as their fathers might follow. In
the one case where a comparison is possible,
physieians’ daughters overchoose medicine but
only to about the degree that others of their
SES level do.

SUMMARY

In general, the findings by Davis about
the social class distribution in various career
choices is supported. Neither the fact that his
sample of graduating seniors represented only
60% of those who started as freshman, nor
the use of retrospective data on freshman ca-
reer choice seems to have introduced serious
error in the generality of his findings. Engineer
and teacher are overchosen by lower SES
groups and physician and lawver by higher
SES groups. Chemist, accountant, clergyman
and farmer also appear to be overchosen by

low SES males and college professor by high
SES males.

The present study indicates that it can
be useful to obtain the father’s specific oceupa-
tion rather than getting merely a general classi-
fication (c.g., Professional} when studying col-
lege students. Such information allows the
separation of general social class ellects from
father-model effects {i.e., the desire of sons to
follow their fathers’ occupations}. For some
cases, such as farmer and businessman, the
father-model effect totally obscured the gen-
eral SES effect.

The practice of analyzing male and fe-
male data separately is advantageous because:

1. Social class effects are not as clear-cut
for women as for men.

2. The same professions cannot be as-
sumed to have the same prestipe for both
men and women. {Thus, it was noted that
foreign service, which is overchosen by fe-
males of high SES background, is over-
chosen by males of intermediate SES back-
ground. }

3. Female career choices are probably
based on a different value orientation than
those of men. {This is suggested by the
averchoice by high SES females of service-
oriented fields such as social worker, psy-
chologist, physician and foreign service. )

4. The major career choices of men and
women rarely overlap.

3. The father-model effect is not pener-
ally applicable to women.

Some Trends in the Social Origins of American Sociologists

Norval D. Glenn and David Weiner

. . The question of how sociologists’
backgrounds affect their perceptions of and
orientations toward their subject matter is an
important problem in the sociology of science
that we are investigating in some of our cur-
rent research.! So far we have uncovered little

Abridged and reprinted with permission of the
authors and the American Socioclogical Association
from American Sociologist, 1969, £:201-309.

'For a list of a large proporticn of the social
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evidence that a sociologist’s pre-college back-
ground has much influence upon the kind of
sociologist he becomes {Weiner, 1968). How-
ever, our analyses are incomplete, pur nega-
tive findings may well result from a lack of
sufficiently sensitive measures of orientations

origing studies, see Glenn et al, (1969 ). Data on the
social origins of sociologists or social scientists in the
United States are reported in Harmon (1966},
Lazarsfeld and Theilens (1938}, and Palmore { 1962).



VARIABLES INFLUENCING CAREER CHOIGE IN SCIENCE

to sociology, and background factors on which
we have no data may be influential.

The purpose of this paper is more modest
than the ultimate goal of our research in this
area. We report some irends in the back-
ground characteristics of American sociologists
without trying to assess here the importance
of these trends for the development of the
discipline. However, we hope some of our
readers will be stimulated to formulate fruit-
ful hypotheses concerning how these trends
have affected and are affecting the discipline,
The findings on sociologists’ backgrounds also
have value for other reasonms: for instance,
they reveal some large and relatively untapped
potential sources of sociological talent in the
American population, including Negroes, Cath-
olics, and Southemers of all races and religions.
Furthermore, the curiosity of sociologists about
themselves should in itself be sufficient justi-
fication for reporting these data.

METHODS

We collected information on the back-
grounds of sociologists by means of a ques-
tionnaire mailed September 1, 1967, to 760
active members and fellows of the American
Sociological Association, and by means of a
shorter instrument mailed about two months
later to those who had not responded to the
first mailing, We drew the sample randomly
from all male active members and fellows listed
in the 1967 ASA directory. The two mailings
vielded 429 completed and usable question-
naires—a return of about 56 per cent.

Even though the respondents were about
an eighth of the universe, considerable sam-
pling error and mail-back bias were possible.
To check for hias we compared the respond-
ents with the universe on several variables re-
ported in the ASA directory, and in each case,
the respondents were very similar to the uni-
verse, The comparison that revealed the great-
est difference is shown in Table 1. Although
we cannot be certain there is not more bias on
other variables, we can think of no reason to
suspect that our respondents are highly un-
representative with respect to any variable
treated in this paper.

For the tabulations reported here, we di-
vided the respondents inte “academic cohorts”
based upon year of receipt of the doctorate.
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Table 1. Comparison of Universe, Random Sample,
and Respendents on Date of Doctorate {in per
eent)

Random  Respond-
Universe Sample ents®
(N= (N = (N =
Date of doctorate 3,245) 760) 429)
1917 and easlier 0.3 0.3 0.5
19181927 1.9 1.6 0.9
19281937 5.8 6.3 7.5
1538-1947 9.2 9.9 10.8
1648-1952 13.2 13.0 11.9
1953-1957 18.8 20,3 20.6
1955-1962 218 20.8 20,3
1963-1967 14.7 15.9 19.6
Date of docturate
not given in ASA
Directory 14.6 12.0 7.9
Total 100.0 100.0 1000

4 This information is from the ASA Directory
rather than from the completed questionnaires,

This seems a better way to trace changes in
the recruitment pattemns of sociology than use
of cohorts based upon date of birth, since the
respondents entered sociology at widely vary-
ing ages. Thirty-one of the respondents re-
ported na eamed doctorate and we consid-
ered placing them in academic cohorts on the
basis of the date they became employed full-
time as sociologists, However, it was difficult
te determine from the job histories just when
many of the respundents became practiving
sociologists, and therefore we tabulated sepa-
rate data for persons with no repurted doctor-
ate rather than include them in the cohorts.

For the original tabulations, we divided
the respondents with doctorates into six co-
horts, namely, those who received doctorates
in 1937 or earlier, in 1938 through 1947, in
1948 through 1952, in 1933 through 1957, in
1958 through 1962, and in 1963 through 1967.
However, to report the data, we collapsed
these six cohorts into three, except when such
collapsing would ohscure important informa-
tion. The N's for these cohorts are as follows:

Date of doctorate N
1947 and earlier 85
19481057 144
1958-1967 169
No doctorate reported 31
Total 429

A comparison of the earlier and later aca-
demic cohorts should give a rather accurate
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picture of trends in the background charac-
teristics of people who have become eligible
for active membership in the Amecrican Soci-
ological Association during the past few dec-
ades. A possible source of distortion, aside
from sampling error and mail-back bias, is
the fact that we have data only on the surviv-
ing members of each cohort who have remained
members of the Association, and more of the
original members of the earlier coharts have
died. However, there is little reason to suspect
there has been much wvariation in mortality
among sociologists with different backgrounds,
and it seems unlikely that enough people have
left the profession, and thus the Association,
to introduce much bias,

The questionnaire asked for background
data for each of three age levels, namely, (1)
0 throngh 12, {2} 13 through 16, and (3) 17
through 20. The distributions of most of the
background variables are about the same at
all three levels, and therefore for these variables
we report the data only for the oldest lavel,
which we term “late adolescence.” However,
the distributions by size of community of res-
idence vary enough among the age levels to
require consideration of the data for all three
levels.

When possible, we placed the distribu-
tions of characteristics of our respondents and
their families in perspective by comparing
them with data for the entire U.S. population
for the census ycar when the largest percent-
age of the respondents were in late adoles-
cence.2 For the entirc sample and the middle
cohoit, this year is 1940, for the earliest co-
hort #t is 1930, and for the latest cohort it is
1950.

Although we collected data on a wide
range of background characteristics, we report
here only the few we consider most important.
Readers interested in other background vari-

*Many data more or less comparable o some
of ours are available for scientists in general and for
persons  in  other specific disciplines. Because of
space Hmitations, we do not attempt a point-by-point
comparisen. of these data with ours, but readers may
make their own comparisons by referring to Hirsch
{1968), Strauss and Rainwater (1962), Clark
{1957), Hammon (1966), and a number of other
publications. kn general, the similarities between the
background characteristics of sociologists and those
of other scientists are more striking than the dissimi-
larities,
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ables are encouraged to comtact the senior
author, who may be able to supply the desired
information,

FINDINGS
Fathers’ Occupations

Previous studies have shown that sociolo-
gists families of orientation typically have
ranked above average in the major dimensions
of stratification but below the families from
which such professionals as lawyers and med-
ical doctors typically have come?® One source
describes the modal social otrigins of sociolo-
gists, as well as those of other academicians,
as  “lower-middle-class™ (Mills, 1951:129-
130). However, recently there has been spec-
ulation that more of the new recruits to sociol-
ogy are coming from higher social levels. For
instance, Gamson (1968:288) hypothesizes
“that a larger proportion of sociologists are
new being drawn from backgrounds with rela-
tively high socio-economic status.” If this were
true, a corcllary would be that seciology “is
less an avenue of upward mobility for those
whe are attracted to it today than for those of
a previous generation” {288}, There are sev-
eral reasons to expect these hypotheses to be
correct. Sociclogy has gained in prestige, re-
spectability, and economic support, and the
incomes of sociologists have risen steeply. The
field should, therefore, have become more at-
tractive to sons of upper-middle-class families,
since most of them can now enter it without
being downwardly mobile to any great extent.
Furthermore, we are told by some observers
that many sons of affluent families are disillu-
sioned with business and the business-serving
professions and are seeking careers they per-
ceive to be more socially useful and more rele-
vant to major political and social issues.

However, the data in Table 2 do not sup-
port Gamson’s hypotheses, The differences
among the three “academic cohorts” in the
distribution of fathers by Duncan’s Socio-

¥ To our knowledge, no one study has compared
the bhackgrownds of sociclogists with those of inde-
pendent professionals, but a comparisen of more or
less comparable data from different studies indicvates
that most kinds of independent professionals have
come from higher social levels on the average than
sociologists {Harmon, 1966; Duncan, 1965; and
Zelan, 19673,
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Table 2. Father’s Qccupation, by Date of Doctorate {in per cent)

Duncan's Socio-Economic Index

Date of No re-
doctorate 0-19 20-29 30-39 40—49 S50-39 60-63 70-79 8089 90-99 sponse Total Mean
1947 and earlier 24.7 2.4 8.2 4.7 259 7.0 4.7 108 7.0 4.7 100,06 48.4
1648-1957 21.5 2.1 28 111 292 9.7 7.6 6.9 6.2 2.8 1600 499
1958-1967 20.7 4,2 71 118 195 106 108 6.5 7.1 1.8 1000 497
No doctorate
reported 22.6 3.2 Q.7 0.0 3558 3.2 3.2 00 162 6.4 1000 49.0
Total 21.9 3.0 6.1 9.3 252 9.1 7.9 7.0 T.4 3.0 1000 495
Mazle experienced
civilian labor
force, 1950+ 489 108 114 9.3 5.5 6.7 3.8 2.5 1.0 —_ 1000 29.1*

* Data for 1950 rather than 1940 are reported because the accupational titles used in 1940 do not correspond
precisely with the titles for which SEI values are available.
¥ This value differs slightly from that reported by Duncan because it was computed from grouped data,

economic Index (SEI)* are so small that they
could easily reflect only sampling variability.
The mean SEI of the fathers is about the same
in each of the three cohorts in spite of the con.
siderable upward shift in the occupational dis-
tribution of males in the United States during
the past several decades, Therefore, if our re-
spandents were perfectly representative of the
universe, the data would show a decline in the
average relative position of sociologists’ fathers
in the occupational hierarchy. Because of sam-
pling variability, we cannot confidently con-
clude that this change has occurred, but, on
the other hand, it seems unlikely that sampling
error masks any appreciable increase in the
average social level from which sociologists
have been recruited. Use of the broad cohorts
may obscure & small and very recent increase
in the average social level of sociologists” fam-
ilies of orientation, because the mean SEI for
the fathers of the sociologists who teceived
their doctorates in 1963 and later is 51.3—
somewhat higher than any of the means shown
in Table 2. However, even if this apparent
change is not the result of sampling error, it is
only about proportional to the upward shift in
the occupational distribution of the entire male
labor force.

Nor is there evidence in our data that so-
ciology has become less of an avenue of up-
ward mobility for those attracted to it. Since
sociologists are in the range of 80 through 89
on the SEL at least 77.7 per cent of the re-

*Dunecan’s SEI is an estimate of occupational
prestige based upon the income and education of
males in the occupations in 1950 (Duncan, 1961),
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spondents in the earliest cohort shown in Table
2 are upwardly mobile, compared with 84.6
per cent in the latest cohort. At least 87.5 per
cent of the respondents who received their
doctorates in 1963 and later have risen above
the occupational levels of their fathers. Fur-
thermore, at least a fourth of the upwardly
mohile sociologists in each cohort have trav-
eled a very substantial distance up the occu-
pational hierarchy. More than a fifth of the
respondents had fathers in the SEI range of 0
through 19, and the very highest ranking occu-
pations in that level include automobile me-
chanics, parking attendants, barbers, bartend-
ers, waiters, and the like,

Our data agree with the impression that
the modal social origins of sociologists are
“lower-middle-class.” More than a fourth of
the fathers were in the SEI interval of 50
through 59, which includes such occupations
as bank tellers, bookkeepers, labor-union offi-
cials, mail carriers, photographers, clergymen,
and several kinds of foremen. Although the
term “lower-middle-class™ is ambiguous and
has no precise and generally accepted mean-
ing, it might alko be applied to the fathers in
the SEI intervals of 40 through 49 and 60
through 69. If so, around 45 per cent of the
respondents have lower-middle-class origins,
about a third have lower-class origins, and al-
most a fourth have upper-middle or upper-class
origing. Each broad social level has consider-
able, although not proportional, representation
among sociologists, and therefore the disci-
pline as a whole should be able to view the
pattern of social stratification in the United
States from a variety of perspectives. .. .
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Regional Background

Early American sociology thrived espe-
cially in the Midwest (the North Central Re-
gion, in census terminology), perhaps because
of the very rapid urbanization and social
change in the region in the late nineteenth and
early twentieth centuries and the relative lack
of academic traditions to hamper introduction
of sociology into college curricula {Hinkle and
Hinkle, 1954:3, 19). A large percentage of
the founding fathers were from the Midwest
or spent their careers there, and by the 1920°s
Midwesterners were clearly dominant in the
American  Sociological Society (Hinkle and
Hinkle, 1954:3, 19).

Vestiges of the traditional Midwestern
dominance remain in contemporary data on
the regional origins of sociclogists {See Table
3). In the earliest cohort, the proportion of

to the “expected” or proportional percentage
is even greater for Westerners than for Mid-
westerners., About 17 per cent of the Ameri-
can-reared sociologists in the cohort who re-
ported a region of origin are from the West,
but only 10 per cent of the total pepulation
of the United States was in that region in
1930. In other words, the proportion of West-
emers in the cohort is about 1.7 times what it
would be if there had been no regional selec-
tivity in the recruitment of sociologists. In the
latest cohort, Westerners are also substantially
overrepresented, being about 1.4 times the
“expected” or proportional number.

Perhaps the recent disproportionate re-
cruitment of sociologists from the West has
resulted from conditions similar to those that
made sociclogy thrive in the Midwest in the
1920’s and earlier. The region has experienced

Table 3, Region of Origin,* by Date of Doctorate (in per cent)

North Oulsice No
Date of doctorate Northeast  Cenfral South West 0.8, response Total
1947 and earlier 24.7 36.5 141 15.3 5.9 35 100.0
1948-1657 29.2 29.2 16,7 13.9 10.4 0.7 100.0
19581987 33.7 26.6 13.8 17.2 6.5 2.4 100.0
No doctorate reported 33.9 23 9.7 3.2 16.1 3.2 100.0
Total 0.5 29.8 144 14.7 8.4 2.1 100.0
Reyional distribution of
.5, population in 1940 27.2 304 3L.5 10,9 — — 100,0

& Based upon reported region of residence during late adolescence. The regions are delineated in the same

manner as in the census reports.

our respondents from the Midwest is about
30 per cent greater than it would be if sociolo-
gists had been recruited randomly from the
population of young adults in the United
States in the 1920's and 1930s. However,
the proportion of American-reared sociclogists
from the Midwest in the latest cohort is almost
exactly the same as the proportion of the total
population in that region in 1950, the census
vear when many members of that cohort were
adolescents, The difference between the earli-
est and the latest cohort in percentage from
the Midwest approaches statistical significance
{(p = .07) and the monotonic decrease in the
percentage from the earliest to the latest cohort
also indicates the apparent trend has very likely
been real. At least by the criterion of regional
origing, the Midwestern domination of Amer-
ican sociology is apparently ending.

In the earliest cohort, the ralio of the real

rapid urbanizailion, population growth, and so-
cial and cultural change and has lacked stiong
traditions. Also, the relatively high educational
attainments—including  especially the high
level of college attendance—undoubtedly help
make the region a good source of sociological
talent.

The proportion of American-reared sociol-
ogists from the Northeast in the earliest eohort
of respondents is about the same as the pro-
portion of Nertheasterners in the total Amer-
ican population in 1930. However, in the latest
cohort, the proportion of Northeasterners is
about 1.4 times the proportion to he expected
on the basis of the regional distribution of the
total population in 1950. Although the differ-
ence between the earliest and the latest cohort
in percentage of Northeasterners is not statis-
tically significant {p = .09), it is large encugh
to indicate a probable increased tendency for
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sociologists to be recruited from the Northeast.
If so, this trend has occurred while the propor-
tion of the population of the United States in
thut region has declined, from 28 per cent in
1920 to 24.9 per cent in 1960,

The Northeast is highly urbanized and
secular and its population is relatively well
educated, and therefore it is hardly surprising
that it now produces a disproportionate share
of sociologists. If Hinkle and Hinkle (1954:3)
are correct, its earlier failure to do 50 resulted
at least partly from academic traditions that
impeded introduction of sociology into college
and university curricula, and these traditions
have been rather completely overcome only
within the past two or three decades. In addi-
tion, the recent increase in recruitment of
sociologists from the Northeast is related to
an increase in the recruitment of Jews (see
Table 5}, who are highly concentrated in that
region.

The representation of Southerners in
American sociology is low and apparently is
not increasing. In the earliest cohort, the pro-
portion of Southerners is only 0.51 the pro-
portion expected on the basis of the regional
distribution of the tetal U.8. population in
1930, and in the latest cohort, it is only 0.48
the proportion of the U.S. population in the
South in 1850. This small representation of
Southerners partly reflects the very small rep-
resentation of Negroes in American sociology
{see Table 6), but the proportion of our re-
spondents from the South is even much smaller
than the 26.6 per cent of the white U.S. pop-
ulation that was in the South in 1940, Perhaps
a major reason for the underrepresentation of
Southerners is that the South is still more
traditional than the other regions {Glenn and
Simmons: 1967), is less urbanized, has lower

average educational attainments, and has rela-
tively poor schools and colleges. The degree of
urbanization may be especially important, since
the ranking of the regions in urbanization is
the same as their ranking in ratio of real to
“expected” contribution of sociologists to eur
latest cohort. That is, the West and Northeast
are the most urbanized, and they contributed
more than their proportional share of sociolo-
gists, wherecas the South is least urbanized,
and it contributed much less than its propor-
tional share. The relationship is not so neat
in the earlier cohorts, but perhaps only because
of the complicating factor of Eastern academic
traditions.

Size of Communities of Orientation

Whereas many of the early prominent
American sociologists had rural backgrounds,
only 29.8 per cent of our sample reported liv-
ing in a rural community at any stage of their
childhood or adoclescence, and only 12.1 per
cent have a strictly rural pre-adult background
(see Table 4). Not surprisingly, the percentage
of sociologists with rural backgrounds has de-
clined as the United States has become more
urbanized. Almost half the respondents in the
earliest cohort spent some of their formative
vears in a rural setting, compared with only
about a fifth of the latest cohort. More than
a fifth of the earliest cohort lived enly in rural
communities, eompared with only 6.5 per cent
of the latest cohort. Therefore, any influences
of rural backgrounds upon American sociologi-
cal thought are clearly waning. For instance,
the ulleged anti-urban bias of American soci-
ology may soon be replaced with an anti-rural
bias, if that has not already occurred.

We have no data for the entire popula-
tion comparable to the information on our

Table 4. Population Size of Communities of Qrientation," by Date of Doctorate (in per cent)

Lived in community

More than of less than 2,500

Less than  2,500- 50,600 one size No at some pre-adult
Date of doctorate 2,500 43,999  and up class TeSPONSE Total stage
1947 and earlier 22.4 12.9 30.6 318 24 100.0 48.3
1945-1957 12.5 153 36.8 34.0 1.4 100.0 29.8
1958-1967 6.5 11.8 47.3 32.6 1.8 1000 21.3
No doctorate reported 12.% 25.8 32.2 16.0 12.9 100.0 25.7
Total 12.1 14.2 39.4 31.7 2.6 1000 29.8

* Respondents were not asked to report size of communities lived in for less than twe years.



Some Trends in Social Origins of American Sociologists

respondents in Table 4, but it is clear that the
backgrounds of saciologists are somewhat more
urban than they would be if reeruitment had
been random. In 1940, which is near the
median time when our respondents became
adults, 43.5 per cent of the U.S, population
was rural, according to the definition of rural
then used by the Bureau of the Census. This
is well above the 25.8 per cent of our re-
spondents who lived in rural localities any
appreciable time during childhood or adoles-
cence, and it is far above the 121 per cent
with strictly rural backgrounds. Using the old
census definition of rural, 40.4 per cent of the
UU.S. population was rural in 1950-almost
twice the proportion of our latest cohort who
reported any pre-adult rural residence.

Furthermore, unless there is substantial
sampling error in our data, the origins of so-
ciologists have becomme more urban at a rate
that greatly exceeds the rate of urbanmization
of the population as a whole, From our mid-
dle to latest cohort the percentage who re-
ported some rural residence declined by 8.5
points and the percentage with strictly rural
hackgrounds declined by 6 points, whereas
the percentage of the U.S. population that
was rural declined by only 8.4 points from
1940 to 195C. Stated differently, the propor-
tion of our respondents with some rural back-
ground declined by 29 per cent from the mid-
dle to the latest cohort, and the percentage
with strictly rural backgrounds declined by 48
per cent. In contrast, the proportion of the
.S, population that was rural declined by
only 8 per cent from 1940 to 1950,

Il this apparent trend is real, it and the
continued urbanization of the entire popula-
tion will soon make sociclogists with rural
backgrounds very rare. American socinlogy
may be rapidly losing a perspective that prob-
ably has considerable value to the discipline,

Religious Background

The religious backgrounds of our respond-
ents and their current religious preferences
are shown in Table 5. We report the religious
preferences of the mothers rather than of the
fathers becausec we assume that mothers typi-
cally are more influential in the religious so-
cialization of children. However, the fathers’
and mothers’ preferences were almost identi-
cal, in the aggregate, except that more of the
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fathers had no preference.

The comparison of the religious distribu-
tion of our respondents’ mothers with that of
the total U.S, popnlation gives a rough indica-
tion of the religions selectivity in the recruit-
ment of American sociologists. We use Lhe
1957 data because they are probably the most
aconrate available. Ideally, we would use ear-
lier data, since the median date when our
cespondents became adults is around 1940, but
other data from national surveys indicate the
distribution of the American population by
religious preference did not change substan-
tially from 1940 to 1957

The most striking revelations in Table 5
are the underrepresentation of Catholics and
the much greater than proportional representa-
tion of Jews. Apparently, there is only about
a third of the “expected” or proportional num-
ber of sociclogists with Catholic backgrounds,
whereas sociologists with Jewish backgrounds
are about six times the proportional number.

Some of the underrepresentation of Cath-
olics no doubt reflects their relatively low rates
of college attendance and completion in the
recent past (Gleon and Hyland, 1967). How-
ever, this influence for low Catholic representa-
tion in sociology should be largely or com-
pletely offset by the fact that a relatively
large proportion of Catholics are non-South-
em, white, and urban—characteristics asso-
ciated with disproportionate recruitment intc
sociology. It seems that a Catholic background,
or perhaps edueation in Catholic scheols and
colleges, tends, or in the recent past bas tended,
to make people relatively disinclined te go into
sociology.®

However, the data in Tabhle 5 show an
increase in the percentage of Catholics, and of
persons with Catholic backgrounds, from the
carliest to the latest cohort. The consistency
of the data indicate the apparent trend has
very likely been real, although none of the

¢ Needless to add, the evidence for this inter-
pretation is less than conclusive, The important in-
fluences could be correlates of religious background,
rather than religious background itself. We do not
have space here to go into the warious comtroversies
and complex issues concerning the possible effects of
religious background upon attitudes foward science
and the choice or uonchoice of scientific careers. For
relevant data and discussion and references to relaled
studies, see Greeley {1963), Warkov and Greeley
{ 1966), and Datta { 1967 },



VARIABLES INFLUENCING CAREER CHOICE IN SCIENCE

Table 5. Mother's, Late Adolescent, and Current Religious Preference, by Date of Doctorate {in per cent}

Date of doctorate Protestant Catholic  Jewish  Other None Noresponise Total
Mother’s religious preference:
1947 and earlier 72.9 7.1 14.1 1.2 2.4 2.4 1000
1948-1957 62.5 8.3 16.7 4.2 6.3 21 100.0
1958-1967 59.7 10.1 24.3 5.9 4.7 2.4 100.0
No doctorate reported 58.1 3.2 129 0,0 129 12.9 100.0
Total 60,4 8.4 189 4.0 54 3.0 100.0
Late adolescent religious preference:
1947 and earlier 63.5 5.9 11.8 1.2 12.9 4.7 100.0
1948-1957 51.4 6.9 12.5 4.2 229 2.1 100.0
1958-1967 41.4 10.0 185 5.3 20.7 3.0 1000
No doctorate reported 45.2 3.2 129 0.0 25.8 12.9 100.0
Total 49.4 7.7 152 3.7 20.3 3.7 100.0
Current religious preference:
1947 and earlier 49.4 5.9 8.2 2.4 318 2.4 100.0
19481957 39.6 5.6 11.8 2.8 36.1 4.2 100.0
1958-1967 256 8.3 16.0 5.3 379 3.0 100.0
No doetorate repocted 38,7 3.2 12,9 0.0 a32.3 12.9 100.0
Total 375 6.3 12.8 3.5 35.7 4,0 100.0
{1.5. population in 1937 66.3 26.2 3.0 19 2.1 —_ 100,0

differenices between the earliest and the latest
cohort approaches statistical significance. Any
increase in Catholics has been only moderate,
at most, and at the appareut recent rate of
change, persons with Catholic backgrounds
will not be proportionally represented in Amer-
jcan sociology within the next few decades.

Jewish representation in American soci-
ology has long been high, and it is almost cer-
tainly increasing. The difference between the
earliest and the latest cohort in percentage of
Jews is either statistically significant or ap-
proaches significance in all sections of Table 5
{e.g., for mother's religious preference, p =
.04}. Tn the latest cohort, the percentage of
our respondents with Jewish mothers is about
eight times what it would be if recruitment of
sociologists had not been selective by religious
background.

The high representation in sociology of
Jews, and of persons with Jewish backgrounds,
may be partly, but not entirely, explained by
the high and apparently increasing representa-
tion of Jews among college graduates and pro-
fessional workers in general. Although small
sample sizes make national survey data on
Jewish occupations and education rather un-
reliable, it appears that Jewish college gradu-
ates and professional workers are about twice
the proportional or “expected” number (Glenn
and Hyland, 1967:79; Lazerwitz, 1964:428),
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Even more important in explaining the large
number of Jewish sociologists is the fact that
the Jewish population, considered as a whole,
has experienced rapid and substantial up-
ward mobility during the past few decades
(Glazer, 1958), and the strong intellectual
emphasis of Jewish culture has led many
Jews into the academic avenue of upward
mobility. Jewish representation in psychology,
economics, political science, philosophy, and
the physical and biological sciences may be
as high as it is in sociology, although perhaps
the concern of Jews with their minority status
has given them an unusual interest in sociclogy.

More than a third of our respondents,
contrasted with unly about 2 per cent of the
respondents to most American national sur-
veys, said they have no religious preference.
The finding will surprise few sociologists, but
in view of the explanations often given for the
widespread apostasy of soeial scientists, it is
of interest that 20.3 per cent of our respond-
ents said they had no religious preference in
late adolescence. The explanation that expo-
sure to sociology, and socialization into the
discipline, tend to kil religious belief could
hardly account for much of the apostasy around
ages seventeen or eighteen, Evidently, sociol-
ogy is rather likely to recruit persons who have
already rejected conventional religious beliefs.
Since the percentage who reported no religious



Some Trends in Social Origing of American Seciologists

preference in late adolescence is greater in
the latest than in the earliest eohort (p = .09},
the tendency for sociology to recruit persons
with no religion may well have increased.

Race

Only seven, or 1.6 per cent, of our re-
spondents identified themselves as Negro, and
of the 136 respondents who reported receiv-
ing doctorates before 1933, not one reported
he was Negro (see Table 6}, However, among

Tahle 8. Percentage Negro, by Date of Doctorate

Daie of doctorate Per cent (V)"
1952 and earlier 0.0 (136)
1953-1957 1.1 (93)
1958-1962 1.2 (81}
19631987 4.5 (88)
No doctorate reported 3.2 {31}

Total 16 (429

* Number of respondents on which percentage is
based.

those who received their doctorates after 1962,
4.3 per cent are Negro, and the difference
between the earliest and the latest cohort
shown in Table 6 is statistically significant
(p = .02}. Therefore, our data indicate that
Negro representation in American sociology is
very low but has recently increased,

There is evidence that the percentage of
Negroes among the active members and fel-
lows of the American Sociological Association
is somewhat higher than our data indicate. In
a study conducted in 1968, Conyers {1968)
located 121 living Negroes with doctorates in
sociology, and if all these were members of
the ASA, they were about 3.3 per cent of the
active members and fellows, Of course, some
of these people may not have been members
of the ASA, and the exclusion of females may
have reduced the percentage of Negroes in
our sample. On the other hand, the difference
between 1.6 and 3.3 per cent could easily have
resulted from sampling error.

In any event, the number of Negroes
among the active members and fellows of the
ASA is only about a third of proportional rep-
resentation, at most. Negro representation is
apparently smaller in sociology than in the
professions as a whole, and it is probably only
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slightly greater in sociolagy than in such fields
as medicine, dentistry, and college teaching
as a whole.® Of course, the proportion of Ne-
groes may be somewhat higher among all
persons working as sociologists than among
the active members and fellows of the ASA.

Political Background

We asked our respondents to identify
their political views during late adolescence,
and their fathers’ vicws during the same pe-
riod, on a five-point scale varying from *very
liberal” to “very conservative” {see Table 7).
We also asked for the respondents’ current
political orientations, but unfortunately we did
not structure the alternatives so that the re-
sponses would be comparable to those on late
adolescent orientations. Rather, we allowed the
respondents to identify themselves as liberal,
moderate, or conservative or to use some other
Iabel (see Table 8).

The vesponses to all the political ques-
tions must be interpreted with caution, be-
cause the meanings attached to the terms
undoubtedly varied somewhat among the re-
spondents, and any attempt to place political
views on a continuum violates the variety and
complexity of reality. Nevertheless, the data
give a rough picture of the political back-
grounds and current political views of the re-
spondents.

One might suspect that such trends as the
increased recruitment of Jews and the de-
creased recruitment of persons with rural back-
grounds have led to an increase in sociologists
with liberal backgrounds, but our data do not
indicate this has happened, There is no ap-
parent trend from the earliest to the latest co-
hort in the reported political orientations of
either the fathers or the respondents. Although
a larger percentage of the earliest than of the
latest cohort said they were liberal in their
current views, an examination of the “other
labels” reveals virtually equal proportions “left-
of-centexr” in all the cohorts {Table 8). On the
other hand, there could be a systematic dif-
ference in the meanings attached to the terms
“liberal” and “conservative” by the respond-

SFor data on nonwhite representation in the
professions in 1968, see Glenn {1969), and for data
on the representation of Negro males in specific pro-
fessions in 1960, see Broom and Glenm (1963:112-
113),
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ents in the different cohorts, but we doubt that
any such differcnce is very great.

Our data agree with other relevant evi-
dence in indicating a substantial majority of
American sociologists to be politically liberal.”
The percentage “left-of-center” on the pelitical
spectrum is greater than the 63.2 per cent
who said they were liberal, bécause many of
those who used “other labels” said they were
radical or used other “leftist” terms. Only 2.6

7T Maost of the other evidence deals with party
prelerence rather than identification with such labels
ag “likeral” and “conservative.” See Palmore (1962},
Eitzen and Maranell (1968), Lazarsfeld and Theilens
(1958}, and Turner et al. {1563).

The data on the political orientations of sociolo-
gists are not consistent with the generalizations that
(1} high-status people tend to be politically con-
servative, and (2} upwardly mobile people in the
United States tend to be even more conscrvative than
the stable people in the social levels they enter {see
Lopreate, 1967). Furthermore, we found virtually
no difference in reported political views between the
stable and upwardly mobile socialogists {cf. Palmore,
19623,

per cent admilted to being conservative, and
few of the “other labels” indicated an unambig-
uous “right-of-center” orientation. Although we
have no strietly comparable data on the politi-
cal identifications of the total U.S. population,
owr respondents are clearly unusually liberal,
on the average, and also are unusually liberal
for professional workers. In 1961, a Gallup
poll asked 2 national sample which pelitical
party they would prefer if there were only two
parties, one for liberals and one for ennserva-
tives. About 30 per cent chose the liberal
party, another 30 per cent chose the conserva-
tive party, and 40 per cent had no opinion,
Among male professionu] workers, 38.3 per
cent chose the liberal party, 44.3 per cent
chose the conservative one, and 17.4 per cent
had no opinion.

The unusual prevalence of liberalism
among sociologists clearly does not result pri-
marily from an vnusual amount of liberalism
i their families of orientation. According to
the respondents” reports, the fathers were dis-
tributed very nearly symmetrically along the

Table 7. Father's and Late Adolescent Political Orientation, by Date of Doctorate (in per cent}

Mod-
Mod- Middle erately
Very erately of the con- Very con- No
Date of dectorate liberal Liberal road servative  servative  response Total
Father's political orientation:
1947 and earlier i4.1 28.2 165 29.4 8.2 3.5 100.0
19481957 11.1 24.3 19.4 32.6 56 6.9 100.0
1858-1967 13.6 29.0 195 25.4 53 4.1 100.0
No doctorate reported 19.4 22.6 16.1 22.6 3.2 16.1 100.0
Total 13.3 26.8 18.6 28,4 7.0 5.8 100.0
Late adolescent political
oTientation:
1947 and earlier 41.2 376 14.1 4.7 1.2 1.2 100.0
1948-1057 45.8 326 10.4 4.9 0.7 5.6 100.0
1958-1967 42.6 34.3 12.4 4.7 1.8 4.1 100.0
No doctorate reported 35.5 25.8 16.1 6.4 040 16,1 100.0
Total 42.9 33.8 12.4 4.9 1.2 4.9 100.0
Table 8. Current Political Orientation, by Date of Doctorate {in per cent)

Date of doctorate Liberal Moderate Conseruative Other labels No responge Total
1947 and carlier 72.9 5.3 3.9 7.1 1.2 1006.0
1948-1957 63.9 14.6 1.4 16.7 3.5 100.0
1958-1967 60.4 17.2 2.4 154 4.7 100.0
No docterate reported 45.4 19.4 6.5 12.9 12.9 100.0

Total (3.2 16.1 2.6 14.0 4.2 100.0
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political spectrum, except that a few more
were listed as “very liberal” than as “very
conservative.” The distribution is bimodal, with
many fathers being “moderately liberal” and
“moderately conservative” and relatively few
being “middle of the road”™ or at either ex-
treme. Although we cannot be certain, it seems
that the fathers’ political sentiments were
probably more or less representative of those
in the total population at the various times
when our respondents were late adolescents,
This is true, of course, only if most of the re-
spondents imagined the total distribution to
be more or less symmetrical and rather accu-
rately perceived their fathers relative positions
in the distribution.

However, it appears that a large majority
of sociologists were liberal before they were
recruited into the discipline, Well over two-
fifths of the respondents said they were “very
liberal” in late adolescence, and more than
three-fourths said they were either very or
moderately liberal. Only 6.1 per cent said they
were conservative, and a meager 1.2 per cent
admitted to being “very conservative.” To be
sure, the recollections of late adelescent po-
litical sentiments were probably colored some-
what by current views, but, nevertheless, it
seems that the respondents, considered as a
whole, experienced no major political shift
after late adolescence. According to their re-
ports, virtually the same percentage were “left-
of-center” in late adolescence as when they
responded to the questionnaires.

Although we have no strictly comparable
data on all late adolescents at any of the times
when the respondents were in that stage of
the life ecycle, it seems virtually certain that
our respondents were more liberal, on the
average, than their contemporaries. The most
nearly comparable data are for young adults
rather than for late adolescents and were gath-
ered after any of our respondents were adoles-
cents. For instance, in the 1961 Gallup poll
referred to above, 38.3 per cent of the persons
aged twenty-one through twenty-five chose the
liberal party, 18.6 per cent chose the conserva-
tive party, and 45.1 per cent had no opinion,
Thus the ratio of liberals to conservatives was
1.95. Among those aged twenty-one through
twenty-three, 39.6 per cent were liberals, 13.4
per cent were ceonservatives, and 47.1 per
cent had ne opinion—a ratio of liberals to
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conservatives of 2.95. Howcver, among those
in this age range who had been to college,
41.7 per cent were liberals, 18.8 per cent were
conservatives, and 39.6 per cent had no opin-
fon—a ratio of liberals to conservatives of 2.22,
In contrast, this ratio among our respondents
in late adolescence was 12.57.

In brief, sociologists seem to dilfer po-
ltically from other adults in the United States,
considered as a whole, in that (1) more of the
sociologists were liberal in late adolescence,
and (2) they have not been so inclined to be-
come more conservative as they have grown
older. These lwo factors may be about equally
responsible for the unusual liberalism of so-
ciologists. The discipline tends to recruit peo-
ple who are already liberal, and then influences
within the discipline apparently sustain lib-
eralism within each aging cohort.

We have no data that can provide much
insight into why so many adolescents who
eventually go into sociology reject their fa-
thers” political views. However, it seems that
some of the influences that lead young people
to reject conventional religion and the politi-
cal views of their parents and of most other
people in their communities may also be con-
ducive to an interest in sociclogy. Or it could
be that the rejection of traditional and con-
ventional beliefs and values, for whatever rea-
sons, inclines young people toward sociology
because it tends to give them the freedom and
flexibility of thought necessary to examine their
society and culture in a relatively objective and
dispassionate manner, Obversely, many young
pecple who have not rejected conventional
and conservative values may be deterred from
going into sociclogy because it threatens their
values and beliefs and the psychological se-
curity they derive from them.

Undergraduate Major

Our findings on undergraduate majors
agree with data presented by Sibley (1963:
87) in showing that a large proportion of
sociolegists did not major in sociology (see
Table 9). Sibley reports that well under half
the persons who received Ph.D.’s in sociology
in 1957-1939 majored in sociology as une
dergraduates, but he reports substantially larger
percentages among sociology graduate students
and M.A.s. One might hope that Siblev’s data
reflect a tendency for undergraduate depart-
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ments to give stronger pre-professional train-
ing in sociology and a consequent increase in
the recruitment of sociologists from under-
graduate sociology majors. However, Sibley
suggests that his data may reflect instead a
high drop-out rate of undergraduate sociclogy
majors from sociclogy graduate programs. Our
data support this interpretation, hecause they
show ne recent tendency for a larger percent-
age of fellows and active members of the ASA
to be recruited from undergraduate majors in
sociology.

Although less than half our respondents
majored in sociology, more than two-thirds
majored in either sociology, one of the other
social sciences, or psychology; therefore, it
appears that a majority did not experience a
marked change of interests or career plans
after their late undergradvate days. For in-
stance, only 4.2 per cent switched into sociol-

SUMMARY

The most important recent trends in the
recruitment of sociologists, according to our
data, are (1) a decline in the proportion from
the Midwest and an increase in the proportion
from the Northeast; {2} a steep decline in
the proportion with rural backgrounds; (3)
an increase in the proportien from Jewish
families; and (4) an increase in the proportion
who are Negro. Perhaps as important as these
trends is the lack of evidence for some trends
that might be expected for one reason or an-
other. For instance, there apparently has been
no recent tendency for a larger percentage of
sociologists to come from the higher social
levels, the South, politically liberal families of
orientation, or undergraduate sociology majors.

Segments of the population that have not
contributed their proportional share of seciolo-

Table 8. Undergraduate Major, by Date of Doctorate (in per ecnt)

Other

social Biological Physical No
Date of doctorate  Sociology  sciences  Psychology  sciences  sciences  Arts  Other  response  Total
1947 and earlier 38.8 22.4 59 2.4 2.4 52 153 47 100.0
1948-1957 44.4 18.8 6,2 0.7 2.8 13.2 11.3 2.1 100.0
10581967 40.2 18.9 10.0 0.6 4.1 148 102 1.2 100.0
No doctorate reported  29.0 16.1 0.0 3.2 0.0 6.4 9.5 35.5 100.0
Total 406 19.3 7.2 1.2 3.0 124 117 4.7 100.0

ogy from the physical and hiological sciences.
Even many of those listed under “the arts”
and “other” majored in such fields as English
literature and philosophy—fields rather closely
related to sociology.

We suspect that the few sociologists with
backgrounds in mathematics and the “hard”
sciences have exerted an influence upon so-
ciology disproportionate to their numbers.
However, it is clear from our data, and from
Sibley’s findings,® that the dearth of sociolo-
gists with more than superficial training in
mathematics and the physical and biological
sciences must considerably restrict the influ-
ence of these disciplines upon sociological
thought,

8Gibley (1963:87) reports that among socinlo-
gists who received Ph.D.’s in 1957-1939, only 3 per
cent had undergraduate majors in the physical and
bivlogical sciences and less than 1 per cent had ma-
jors in mathematies or statistics.
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gists include Negroes, Catholics, Southemers,
the working class, and the rural population.
On the other hand, Jews, Westerners, the
“lower-middle class,” and families headed by
clergymen have contributed considerably more
than their proportional share.

Our data indicate that a sizable propor-
tion of the people who later become sociolo-
gists refect conventional religion and the con-
servative or moderate political views of their
fathers by the same time they reach late adoles-
cence. This proportion is almost certainly
larger than among other late adolescents, con-
sidered as a whole, although we have no
strictly comparable data on the others. There-
fore, it seems that the liberalism and apostasy
prevalent among sociclogists result to a large
extent from selectve recruitment rather than
from socialization within the discipline or ex-
posure to sociological perspectives and infor-
mation.
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Family Religious Background and Early Scientific Creativity

Lois-ellin Datta
The data discussed in this paper were basis of adult data would apply to fledgling
collected during the initial phase of a longitu-  scientists.
dinal study on the development of potentially That achievement in the area of science
creative scientists.! The primary question dur- varies with religious background has been re-
ing this phase was whether or not variables  ported by some and cited by many. Although
previously reported either to characterize un-  not all writers have assumed a direct causal

usually eminent men or to differentiate more  relationship between religion and achievement
and less eminent scientists would differentiate in science, implicit in much of the literature is
young men of high potential creativity in sci- the hypothesis that religious background rep-
ence from those who showed less potential resents an important socialization influence in
creativity as early as the senior year of high  the development of attitudes and values which
school, that is, if hypotheses developed on the  may facilitate or inhibit scientific interest and
attainment. This hypothesis suggests that val-

Abridzed and reprinted with permission of the  Yes congruent with and supportive of scientific
author and the American Sociological Association development may not be found equally in all
from Americon Sociological Review, 1961, 32:626~  major religions and, therefore, that the reli-
635. gious backgrounds of more eminent scientists

M. B. Parloff and L. Datta, “Personality Char- . ) .
acteristics of the Potentially Creative Scientists,” im may be different from those of less eminent

T. Masserman, editor, Science wund Psucheanalysis, scientists. .. .
Vol. 8, New York: Crunc & Stratton, 19635, The results of a sevies of siudies extend-
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ing from 1928 to 1965 have indicated con-
sistently that eminent American scientists are
not a random sample of the general population
of church members. In comparison to the pro-
portions in the general population, Catholics,
Baptists, Lutherans and Methodists (the lat-
ter three to be referred to as Protestant I
groups) are considerably underrepresented
among outstanding scientists while Congrega-
tionalists, Friends, Episcopalians, Presbyteri-
ans and Unitarians (to be referred to as Prot-
estant II groups) are overrepresented, in terms
of both current affiliation and family religious
background.? Jews, who were reported under-
represented in earlier studies, have more re-
cently been found to be overrepresented among
outstanding young physical scientists and No-
bel Prize winners.3

Despite the frequency with which these
data are interpreted in terms of ascribed group
values congruent with the scientific attitude,
there is some question as to whether or not a
relationship has indeed been demonstrated be-
tween scientific attainment and religious back-
ground.¢ Among the methodological limitations
of these studies are: {a) inadequacies of the
general population data, (b} lack of informa-
tion on the parental or current affiliations of
large proportions of the creative samples, and
{c) the failure of most studics to demonstrate
a relation in the sense of covaration between
scientific attainment and religion duc to the
absence of data comparing non-eminent men
of the same educational level and field of
interest, . . .

.+ . In many reports, factors associated
with eminence in science have not been dis-
tinguished from factors related to entrance
into science as a career or from factors affect-

*W. 8. Ament, “Religion, Education and Dis-
tinction,” School and Society, 26 {1927), pp. 399
406; Chambers, “Comments,” Scfence, 147 (1965},
p. 67; C. Fry. “Religious Aflliations of American
Leaders,” Scientific Monihly, 36 (1933}, pp. 241-
249; H. C. Lehman and P. A. Witty, “Scientific
Eminence and Chureh  Membership,”  Stientific
Monthly, 33 {1931}, pp. 544-549; A, Roe, The Mak-
ing of o Sciemtist, New York: Dodd Mead, 1953.

*F, Bello, “The Young Scientists,” Forfune, 49
{1954), pp. 142 f.; T. Levitan, The Loureates:
Tewish Winners of the Nobel Prize, New York:
Twayne, 1960,

1. Datta, “Study of Creative Scientists: Com-
ments on Methodology,” Science, 147 {1965), p. 66.

g5

ing entrance into the professions in general.
There is apparently no information on the
religious background or afliliation of eminent
scholors in flelds other then science and of
controls matched for age, education and field
of interest. Only two studies have been re-
ported which compare eminent with less emi-
nent scientists.

Chambers’ subjects {Ss) were 218 emi-
nent and 220 less eminent scientists matched
for age, education and opportunity to do re-
search in two fields, psychology and chemis-
try. Response options both for religious pref-
erence and [oy parents’ religion items were
“Protestant, Catholic, Jewish, and Other.”® His
results for religious preference are consistent
with previous reports comparing the affilia-
tions of Protestant and Catholic scientists with
the general population. The only significant
difference between eminent and control groups
was the tendency for creative scientists o re-
port no religious affiliation, Comparisons of
the religious background responses indicated
that Jewish” or “none” were more charac-
teristic of the creative than of the contrcl sci-
entists while Protestant or Catholic back-
grounds were relatively more frequent among
the control scientists, Generalizations from
Chambers’ data are limited, however, by the
fact that about 40 percent of each of the origi-
nally selected groups failed to return the gues-
tionnaire.

Clark, whose Ss wete psychologists, re-
ported data from a questionnaire returned by
1,520 scientists {88 percent of the possible
sample).% Both for significant contributors and
contrel groups matched for education and pe-
riod during which the Ph.D, was received, it
was foumd that, based on the religious back-
ground of their parents, Catholics and Protes-
tant I groups were underrepresented in com-
parison with the general population and
Protestant 11 and Jewish groups were overrep-
resented. While parental religious affiliation did
not differentiate between the 1930-1934 and
1934-1939 eminent and less eminent psychol-
ogists, by 1940-1944 the significant contribu-
tor and cootrol samples reporting father’s
religion as Catholic were 6 percent and 13

£ J. A. Chambers, Science 147 (1865}, p. 67.
*K, E. Clark, American’s Psychologists, Wash-
ington: American Psvchological Association, 1957,
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as Jewish, 27 percent and 16
percent; as Protestant I, 27 percent and 25
percent; as Protestant II, 37 percent and 42
percent, and as Other or None, (0 percent and
2 percent, respectively,

percent;

METHOD

More attention has been paid in the liter-
ature to problems in the selection of creative
subjects than to problems in the selection of
control subjects, although the nature of the
control group has varied most and thus is crit-
ical in studies comparing more and less crea-
tive individuals. Too homogeneous a sample
may fail to reveal differences that would ap-
pear in a group encompassing a greater range
of creativity. Greater heterogeneity, on the
other hand, may be associated with variables
other than creativity which are themselves re-
lated to the factors under study. The degree
to which differences appearing in such het-
erogeneous groups are attributable to creativity
rather than to the correlated other variables
is often difficult to estimate.

The population selected for study was
Westinghouse Science Talent Search (STS)
applicants. The primary reason for choosing
this group was the availability of & product
criterion of creativity, Such a criterion would
appcar to be more similar to the criteria by
which adult samples of creative scientists had
been identified than would the largely unval-
idated “creativity” tests available or other
measures such as teacher and peer ratings
which have been used in studies of creative
adolescents.

The original experimental design involved
variation of creativity and scientific aptitude
and required at least four groups of young
scientists: high aptitude, high creativity; high
aptitude, low creativity; low aptitude, high
creativity; low aptitude, low creativity. A pilot
study indicated that there were no low apti-
tude, high creative subjects in the STS group
initially selected for study. We then attempted
to obtain a group of high aptitude students
that was as heterogeneous as possible with
regard to early scientific creativity without
also having correlated differences in interest
in science, scientific knowledge, and general
scholastic attainment.

The sample of young scientists was se-
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lected from high school seniors who competed
in the 1963 Westinghouse Science Talent
Search. This competition is aimed at discover-
ing, “. . . bovs and girls whose scientific skill,
talent and ability indicate potential creative
originality. . . .”7 Of the more than 2,500 male
8TS applicants, the 573 young men scoring
above the 80th percentile on a science apti-
tude test (SCAT) devised by Science Serv-
ice, Inc., were selected For further study, Only
male applicants were considered since there
were too few high aptitude female students
for the study contemplated.

Fach of the subjects had submitted to the
STS a report describing his independently con-
ducted research project. This project was initi-
ated by the student and conducted by him
over as long a period as he felt necessary,
ranging from a few weeks to three years. The
projects were scored for “creativity and po-
tential creativity” by the STS judges.

The standards for this judging have been
refined over the period of 22 years since the
competition was initiated. The judges were
selected on the basis of their acknowledged
eminence in one of the following fields: Bi-
ology, Chemistry, Mathematics, Medicine,
Psychology, Psychiatry, and Physics. Each stu-
dent’s project was rated independently by
pairs of judges expert in the area of science
concerned. The judges assigned each project
a letter grade ranging from A, “Unusually
original,” through D, “Pedestrian,” and E, “A
paor essay; rehash of material read with little
evidence that it was absorbed; thinking ob-
viously not straight.” A 14.0 (A) to 1.0 {E-)
scale was nsed to obtain numerical equivalents
of the judges’ ratings.

Although some of the projects were judged
to be of adult professional calibre, the ma-
jority of the ratings indicate potential creativity
as demonstrated by the way in which the
student went about the work and by the orig-
inality and value of the project in terms of
information and equipment available to high
school seniors. We will thus refer to the “po-
tential scientific creativity” ratings (PSC} of
the projects.

On the basis of the project ratings, the

*H. A. Edgerton and S$. H. Britt, “Science
Talent m American Youth,” Science, 101 (1943),
. 247248,



Family Religious Background and Early Scientific Creaticity

sample was divided into three groups to rep-
resent different levels of potential scientific
ereativity. Group 1, High Potential Creativity,
included 112 Ss whose project scores ranged
from 14.0 to 9.5 (A to B—); Group II, Mod-
erate Potential Creativity, included 137 Ss
whose project scores ranged from 9.0 to 6.3
(C+ to C—); and Group III, Low Potential
Creativity, included 287 Ss with project scores
of 6.0 and lower (D+ to E—). Since the
selection procedures were not consistent with
those of the Science Talent Search, the group
will be referred to as the Potentially Creative
Seientist sample {PCS}.

Comparisons fa} between the selected
sample and a sample of non-eligible male ap-
plicants and {h} among groups I, II, and III
indicate that the sample includes students at
the high and low extremes of the distribution
of creativity ratings for the population of male
STS applicants, without correlated variance in
science aptitude and verbal and mathematical
achievement.

(A) Examination of the project ratings
of a sample of young men who scored below
the 80th percentile aon the SCAT indicated
that lowering the criterion of eligibility for
the PCS sample would increase the number of
subjects in PCS 1I without a proportional
increase in the number of subjects in PCS 1,
thus reducing the science aptitude scores of
the less creative subjects to significantly helow
the scores of the more creative subjects, None
of a sample of students with SCAT scores in
the lowest 20th percentile and few students
in a sample of applicants with SCAT scores in
the intermediate ranges submitted projects
judged as high in potential creativity. The
mean project rating of the 287 high aptitude,
low creativity 8s (3.48) was not significantly
different from the mean project rating (3.57)

of the sample of 227 non-eligible subjects
(CR = 0.9, ns). The PCS sample thus in-
cludes virtually all of the “high creative” Ss
and a group of 287 Ss whose creativity ratings
were as low as those in the non-eligible sample.

{B) In Table 1 are given the mean scores
of the project ratings, the SCAT, and of the
Scholastic Aptitude Test-Verbal {SAT-V) and
the Scholastic Aptitude Test-Mathematical
(SAT-M) administered by the Educational
Testing Service for groups I, [T, and 1L, Analy-
sis of variance comparisons showed that there
were no significant differences among the
groups on the measures of scientific and scho-
lastic aptitude and that the project ratings
differed significantly (F = 169.86, df 2/500,
p < .001}. Students in the three groups were
similar in scientific aptitude, in verbal and
mathematical ability and indicated equal in-
terest in becoming scientists. They differed
reliably, and, in terms of the judges” descrip-
tions, meaningfully, on demeonstrated poten-
ttal for scientific creativity.

A four-hour battery of personality, atti-
tude, and social history questionnaires was
administered by mail at the time of high school
graduation to each of the Ss. Complete re-
turns were received from 95 percent of PCS I,
92 percent of PCS II and 94 percent of PCS
II1 subjects. This paper reports data obtained
from the personal history questionnaire.

RESULTS AND DISCUSSION

The distributions of family religious back-
grounds for each of the three groups are given
in Table 2. They indicate that the proportion
of students from Catholic, Lutheran, Metho-
dist and Presbyterian backgrounds tends to
decrease az potential scientific creativity in-

Table 1. Mean Scholastic Aptitude and Scientific Aptitude Test Scores of 535 Male

High School Seniors by Potential Seientific Creativity

Potential scientific creativity

I Ir Hr
Test { high) {middle ) {Tow) 4
Scientific Aptitude {SCAT) 67.56 67.99 55.54 n.s.
Verbal Aptitude (SAT-V) 686.75 685.62 674.37 n.s.
Mathematical Aptitude (SAT-M} 721.93 72275 721.22 5.
Fotential Scientifie Creativity Rating 10.87 7.32 3.48 <.001
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Table 2, Percentage Distribution by Family Religious Background for Students
Classified hy Potential Scientific Creativity

Potential seientific ereativity

Family religious I II 111
backeround { high} (middle} {(low) Total
Catholic 8.9 5.0 122 10.4
Protestant I 10.8 18.3 23.1 19.2
Baptist 5.4 5.2 5.2 3.2
Lutheran 18 2.9 7.0 4.9
Methodist 3.6 8.0 10.5 8.4
Mormon 0.0 2.2 0.4 0.7
Protestant T1 15.2 14.6 7.7 16.4
Congregational 2.7 29 2.4 2.6
Episcopalian 6.2 1.5 5.6 4.7
Friends 00 0.7 0.0 0.2
Preshyterian 5.4 8.0 G4 8.2
Unitarian 0.9 15 0.3 Q.7
Protestant {unspecified) 2.7 5.1 2.4 3.2
Jewish 45,5 394 28.2 4.7
Mixed 9.8 5.8 77 7.6
Other zeligion 2.7 6.6 5.6 5.2
None 2.2 2.2 3.1 2.8
No response 1.8 0.0 0.0 0.4
Number of cases 112 137 287 536

creases, They also show that the percentage of
students from Baptist, Congregational, Episco-
palian and Unitarian backgrounds tends to be
independent of potential creativity while the -
proportion of students from Jewish families
increases from 28 percent in Group III to 43
percent in Group 1.

The Ns, means, and standard deviations
of the project ratings for Catholic, Protestant
I, Protestant II, Other and Jewish students
are shown in Table 3. The overall F {un-

Table 8. Mecans and Standard Deviations of
Potential Seientific Creativity Ratings, by Family
Religious Background

Family religious Standard Number
background Mean deviation of cases
Cathalic 54 3.2 56
Protestant T 54 2.9 103
Protestant 11 57 3.1 B8
Other 6.1 3.2 103
Jewish 6.6 3.2 186

weighted means analysis of variance) was
2.48; with 4,0 df, an F of 2.37 is needed for
significance at the 0.05 level of confidence.
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Both the Arst comparison between groups, of
Catholic vs. Protestant I and Protestant IT Ss
(cf. hypothesis 1: Weber, Merton, Knapp and
Coodrich) and the second comparison, of
Catholic and Protestant I Ss. v. Protestant II
Ss {cof. hypothesis 2: Lehman and Witty})
yielded Scheffé ratios of less than 1.00. {With
4, e df, a Scheffé ratio of 3.08 is required for
significanice at the 0.05 level of confidence.}
There is little evidence in this sample that a
fundamentalistic religious background is inimi-
cal to early scientific attainment or that a lib-
eral Protestant background is favorable, nor
is there any evidence that the potential sci-
entific creativity of these Ss is associated with
a Catholic/Protestant dichotomy. The only sig-
nificant association is between potential scien-
tific creativity and Jewish ovigin, The Schefté
ratio for this comparison was 3.30. Comparisons
between pairs of means indicate that the crea-
tivity ratings of Catholic, Protestant I, Protes-
tant IT and Other subjects did not differ signifi-
cantly from each other and that all means
except for that of the Other group were signifi-
cantly lawer than the mean project rating of
Jewish students,

The attainment of Jewish students is con-
sistent with Feuer's discussion of the con-
gruence between the characteristics of the
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scientific intellectual and Jewish values.® As
noted above, there is precedence in the liter-
ature for considering these results in terms of
similar ascribed values, for example, a “tra-
ditional” Jewish stress an achievement, on the
possibility of rational mastery of the world,
on the value of learning, on a joy in knowl-
edge.? Tt seems premature, however, tc con-
clude that the association is direct until the
influence of other factors related to both reli-
gious background and scientific attainment has
been considered. Davis noted that the asso.
ciation of socioeconomic status and religious
background may affect educational opportuni-
ties and thus the opportunity for eminence in
scholarly fields.i* The disproportionately high
number of eminent scientists originating in
certain areas of the country and in larger cities
was interpreted by Thorndike as an effect of
differential cultural and educational opportuni-
ties 1!

While there was no difference in the pro-
portions of Jewish and non-Jewish subjects of
high, rclatively high, and middle-te-lower so-
cioeconomic status in the PCS sample, signifi-
cantly more fewish than non-Jewish Ss came
from New York state (66 percent vs. 12 per-
cent} and from larger cities (72 percent vs. 27
percent}. To test the possibility!? that a com-
bination of environmenta) circumstances might
favor subjects of Jewish origin, a four-way
unweighted means analysis of variance was
computed for cily size {cities of more than
500,000 wvs. zll smaller cities), home state
{New York vs. all others), religious back-
ground {Jewish wvs. all others), and sociveco-
nomic status as defined by the Hollingshead-
Redlich Index. (I is high; II is relatively high;
and IT1-V is middle-to-lower SES.1® There were
ne main eflects or interactions significant at

91, 8, Feuer, The Scientific Intellectual, New
York: Basic Books, 1963,

*B. C. Rosen, “Race, Ethnicity and the Achieve-
ment Syndrome,” American Sociological Review, 24
(1959}, pp. 47-60.

BB, Davis, “Eminence and Soecial Ocigin,”
American Journal of Sociology, 59 (1953), pp. 11-
18,

1E. L. Thorndike, “The Origin of Superior
Men,” Scientific Monthiy, 56 {1943), pp. 424-432,

2T am indebted to Anne Roe for this suggestion.

# 4, B. Hollingshead and F. C. Redlich, Social
Class and Mental Hiness: A Community Study, New
York: Wiley, 1958,
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the .05 level except for that of city size and
socineconomic status.

Since the Ns of the 24 cells ranged from
three to 83 Ss, a second unweighted means
analysis of variance was computed combining
New York with other states. The results of
this analysis are shown in Table 4. The main

Table 4. Unweighted Mearns Analysis of Variance
of Potential Scientific Creativity Ratings of 517
Male High School Seniors by Religious
Background, Size of Home Town, and Socio-
econpmic Status

Mean
Source daf square F
A (religion) 1 61.94 6,30
B {size of home town) 1 1.49 —_
C (sociceconomic status } 2 16,38 1.67
AxB 1 43.18 4.40%
AxC 2 9.23 —_—
BxC 1 30.87 3.10#°
AxBxC 2 2620 2.67
Within cells 506 9.80 —

®» With 1, = d.f., an F of 3.84 is significant at the
0.05 level of confidence. With 2, df.,an F of 2.99
is significant at the 0,03 level of confidence.

effect of religion and the interactions of {a)
religious background by size of home town
and (b) size of home town by socioeconomic
status were significant at the .05 level. The
Ns, means, and standard deviations of the
12 subgroups on which the analysis was com-
puted are shown in Table 5. Exact compari-
sons indicate:

a. For subjects residing in larger cities,
garly scientific attainment is unrelated to
religious  background, to sociceconomic
status, or to a combination of these.

b. For students of non-Jewish origin, the
combination of residence in smaller towns
and lower socioeconomic status appears to
reduce early scientific attainment.

c. For Jewish and non-Jewish subjects of
high socioeconomic status, early scientific
attainment is not related to size of home
town.

d. For subjects of Jewish origin, the com-
bination of residence in smaller fowns and
lower sociceconomic status is not associated
with as marked a decrease in early scientific
attaimment.
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Table 5. Means and Standard Deviations of Potential Scientific Creativity Ratings for 517 Male
High School Seniors by Religious Backgronnd, Size of Home Town, and Parental Socioeconomic

Status

Size of home town

and parental Number of cases

Mean Standard deviation

socioeconomic stafus Jewisk Non-Jewish

Jewish Non-Jewith Jewish Non-Jewish

500,000+
High 34 30
Relatively high 44 27
Middle to low 52 32
Less than 500,000
High 23 80
Relatively high 11 80
Middle to Jow 16 88

6.13 6.12 297 2.76
6.31 6.65 2.94 3.10
7.03 8.27 3.26 3.10
6.83 6.18 3.40 3.33
8.59 5.40 3.35 3.21
5.72 498 4.17 2.82

Note: Socioeconomic data were inadequate for 19 of the 536 8s in the sample.

Comparison of the Jewish and non-Jewish
means for the six conditions indicates that
the main effect of family religious background
{A) and the interaction of religion and size of
home town (A X B) depends on one cell: Jew-
ish Ss of SES II residing in small towns. The
N of this cell is small, only 11 85, and the mean
is extreme, If one is reluctant to attribute
much reliability te the project score of this
cell, then the relation between religion and
attainment shown in Table 2 (which com-
pares the distributions of students of high,
middle and low potential scientific creativity
by family religions background) depends on
variations in size of home town and socioeco-
nomic status within the distributions,

A less comservative interpretation of the
analysis of variance results is based on the fact
that in five of the six comparisons, the poten-
tial scientific creativity ratings were higher for
Jewish than for non-Jewish s, In this interpre-
tation, the degree to which the ratings of Ss
from Jewish backgrounds will exceed that of
non-Jewish Ss is contingent on certain circum-
stances. This interpretation is consistent with
the hypothesis that some values present in the
Jewish culture sustain intellectual attainment
in otherwise adverse circumstances. It is clear,
however, that differential cultural experiences
possibly associated with the relatively lower
ratings of non-Jewish %5 can be modified by
factors associated with residence and socio-
economie status. The effect of the combina-
tion of residence in small towns with relatively
low status directs attention to factors such as
the science training offered by city and town
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high schools, financial support available in the
home to develop and maintain science proj-
ects, the parental guidance and emotional sup-
port available to the child of professional par-
ents, and possibly compensatory facilities such
as museurns and research institutes.

A second reservation concerns limitations
on generalizations from the PCS sample to
other groups. Of particular concern is the fact
that the PCS$ distribution of family religious
hackgrounds differs from that reported for
general population samples where Jews are
found to comprise 3 percent of the respond-
ents, Protestants 72 percent, and Catholics 22
percent.!t In comparison, students from Jewish
backgrounds were overrepresented in  the
PCS sample, where they comprised 35 percent
of the respondents, while Protestants (39 per-
cent} and Catholics (10 percent) were un-
derrepresented.

There is no adequate information on the
religious or social elass characteristics of appli-
cants to the STS or similar contests.’® Other
data suggest that the family religious back-
ground distribution of the PCS sample (a) is

% B, Lazerwitz, “A Comparison of Major United
States Religivus Groups,” Journal of the American
Statistical Association, 56 (1961}, pp. 568-579.

% in a small (N = 39} sample of Florida high
school students sclected for a six-week summer pro-
gram in mathematics, Yews {13 percent) and Protes-
tants {74 percent) were overrepresented and Catholics
{3 percent} were underrepresented in comparison
with the national sample. A. Kennedy et al, “A
Multidimensional Study of Mathematically Gifted
Adolescents,” Child Development, 31 (1960}, pp.
655-666.
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not representative of college students or even
of students interested in science, (b} may not
be representative of STS applicants, but {(c)
may provide some basis for generalizations to
adolescent samples of high scholastic achieve-
ment,.

Among a nationally representative sample
of seniors graduating from college, 8 percent
of the respondents were Jews, 61 percent were
Protestants, and 25 percent were Catholics 16
There was no significant relation between
choice of science as a career and religious
background. Twenty-two percent of the Jews,
16 percent of the Protestants, and 17 percent
of the Catholics listed science, engineering, or
medicine as their vocational choices.

Without information on the religions of
the STS applicants, speculation at length on
why the PGS sample differs from college
seniors does not seem justified. One possibility
that should be considered, however, is that
students who enter science contests come from
different backgrounds than do science siudents
in general.

Among the more obvious influences on
participation in the STS and on eligibility for
the PCS sample would be opportunities for
and encouragement of science research in the
high school, “self’.selection, and encourage-
ment by science teachers of students likely to
win honors.

Opportunities in the School and Community

It has previously been noted that factors
associated with residence in larger cities and
with higher socioeconomic status have been
found to be asscciated also with scientific at-
tainment in adults, While opportunities in the
community, such as museums and colleges,
may stimulatc seientific attainment in adoles-
cents, an even more direct factor might be the
well-documented relation of social class to the
quality of education available to the students:
for richer families, better schocls; in better
schools, better science classes; in better science
classes, more interest in science confests and
higher scores on the SCAT. The overrepre-
sentation of students from Jewish families in
the PCS sample could thus reflect the over.

A M. Greeley, “Influence of the ‘Religious
Factar’ on Career Plans,” Amedcan Journal of Soci-
ology, 68 {1963), pp. 658-671.
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representation relative to the general popula-
tion reported for Jewish families among the
middle-class and professional families who are
likely to live in the “good™ school districts.’?

“Self”-Selection

Students with a high need for recognition
and achievement may be more highly moti-
vated to enter contests such as the STS and
may try harder to win. Jews have frequently
been reported to exceed non-Jews in achieve-
ment motivation.’® The overrepresentation of
Jewish students in the PCS sample thus could
reflect stedent motivation and parental en-
couragement as well as training and research
opportunities in the schools and the commu-
nities.

Selection by the School

Still another source of differential selec-
tion is the fact that an STS “winner” or “hon-
ors” award provides prestige to the school as
well as to the student. While schools appar-
ently differ in ways of achieving this recogni-
tion, the best students from each school are
usually encouraged to enter the STS. The econ-
testants thus should be representative of intel-
lectually able students who are interested in
science research.

There is some evidence that religious
background and scholastic attainment are re-
lated. The superior performance of Jewish Ss
in these studies was found, moreover, to be
independent of socioeconomic statnus or size
of hometown, althongh both latter variables
were associated with scholastic attainment.1?
If Jewish students tend to be better students in
science than their classmates, the overrepre-
sentation of Jewish Sz in the PCS sample could
be at least partially attributable to selection at
the high school level and, as noted previously,

17 Lazerwitz, op. cit.

¥ 1. Veroff, §. Feld, and G. Gurin, “Achievement
Motivation and Religious Background,” American
Sociological Review, 27 {1982], pp. 205-217.

BT, A. Davis, Great Aspirations; The Graduate
School Plans of Americon College Senisrs. Chicage:
Aldine, 1964; A. M. Greeley, American Journal of
Sociology, 68 (1963), pp. B58-671; the “academic
performarce index” of Jewish students was higher
than that of non-Jewish students and more Jewish stu-
dents intended to enter graduate schocl.



VARIABLES INFLUENCING CARELR CHOICE IN SCIENCE

to further selection at the level of eligibility
for the PCS study.

Ceneralizations from the PCS study are
limited by these and other considerations. In-
formation on family religious background, re-
ligious preferences during the period of career

choice, and current religious affiliation are
clearly needed for “more” and “less” creative
scientists and “more” and “less” creative indi-
viduals in other fields before the nature of the
relations among religion, science and creativity
can be discussed meaningtully, . ..

Parental Attitudes of Mothers of Intelligent Adolescents
and Creativity of Their Children

Robert C. Nichols

Although knowledge of the relation be-
tween the early experience of a child and his
adult personality is most important for psycho-
logical theory and the practical technology
of childrearing, dependable information about
this relation has, for practical reasons, been
difficult to obtain, Most of what we know is
based on experimentation with animals or clin-
jcal case studies. Thus, in spite of the shortcom-
ings of retrospective studies in this area, there
is still need for studies relating expressed child-
rearing attitudes of parents to the behavior of
their children when both parent and child
measures are obtained when the children are
adolescents. More rigorous evidence, although
potentially ohtainable, is currently unavailable.

The present study is designed to test the
hypothesis that restrictive, controlling attitudes
on the part of the mother are negatively related
to originality and creativity of the child, and
to explore other relations between the mother’s
attitudes and the child’s personality.

It is assumed that an essential aspect of
the process of creativity is the free access to pre-
conscious processes (6). This freedom to use
preconscious processes is assumed to be inhib-
ited by external control and coercion and is fos-
tered by permissiveness and psychological free-
dom. Rogers (7) and many others have stated a
similar point of view, Thus, intelligent adoles.
cents whose mathers express favorable attitudes
toward authoritarian and coercive childrearing
practices should score lower on personality
measures of originality than those whose mothers
favor less controlling childrearing practices.

Reprinted by permission of the author and the
Society for Research in Child Development from
Child Development, 1964, 35:1041-1049. © Society
for Research in Child Development, Inc., 1964,
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METHOD

The present data were collected for an-
other study {5} in which the Parental Attitudes
Research Instrument (PARI) (8) was admin-
istered to the mothers of a large group (798
males and 450 [emales) of the National Merit
finalists at the end of their senior year in high
school. At the same time the children of these
mothers completed a group of inventories, rat-
ing scales, and check lists which were assumed
to be related to creativity and originality. All
testing was accomplished by mail, and com-
pleted materials were received from 83 per
cent of the sample. The mean Scholastic Apti-
tude Test verbal and tmathematical scores of
the children were respectively 658 and 698 for
the males and 659 and 635 for the females.

Measures

The PARI was scored for the three factors
reported by Zuckerman, Ribback, Monashkin,
and Nerton {11). The factors and the scales
entering into each factor are as follows: (a)
factor A, Authoritarian-Control, was the sum
of the PARI scales, Fostering Dependency,
Seclusion of Mother, Martyrdom, Excluding
Quiside Influences, Suppression of Aggres-
sion, Approval of Activity, Aveidance of Com-
munication, Suppression of Sex, Ascendance of
the Mother, Intrusiveness, and Acceleration of
Development; (b} factor B, Hostility-Rejec-
tion, was the sum of the PARI scales, Irrita-
bhility, and Rejection of the Homemaking Role;
{c) factor C, Democratic Attitudes, was the
sum of the PARI scales, Comradeship and
Sharing, and Equalitarianism.

The measures obtained from the children
were the following:
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1. The Gough Differential Reaction
Schedule (DRS} (2), an inventory which
was designed to predict originality and
which contains the following scales: Intel-
lectual Competence, Inquiringness, Cogni-
tive Flexibility, Aesthetic Sensitivity, Sense
of Density, Total Score (sum of above five
scales), and Potential Success, an index of
general drive and ambition derived from a
variety of studies of achievement and per-
sonal cffectivencss conducted at the Institute
of Personality Assessment and Research
{IPAR).

2. The Complexity-Simplicity, Inde-
pendence of Judgment, and Originality
scales from Barron’s Inventory of Personal
Philosophy (1}. Only 54 of the 150 items in
the Originality scale were used. The Com-
plexity-Simplicity scale consists of items from
the original 900-item IPAR inventory, se-
lected for their significant correlations with
scores on the Barron-Welsh Art Scale. The
Originality scule was developed out of an
MMPI-CPI pool by correlating each item
with a composite score on four measures of
originality {Guilford’s Unusual Uses, Conse-
quences, and Plot Titles, and the IPAR Word
BRearrangement test) in a sample of 343 mil-
itary officers.

3. The Mastery seale, an 18-item scale
derived from three items on Strodtbeck’s
Value Scale (10).

4, The Deferred Gratification scale, for-
merly called the Play scale, from the Na-
tiony] Merit Student Survey (4).

5. The Vocational Preference Inventory
{(VPI), a short revision of the Holland
Vocational Preference Inventory (3).

6. The Ghiselli Self-Description Inven-
tory. Since the correlations between weighted
and unweighted scale scores for the Initia-
tive, Sclf-Assurance, and Occupational Level
scales ranged from .89 to .96, the items of
these scales were scored with unit weights
rather than being weighted differentially.

7. Self-ratings on 20 traits using a four-
point scale, and & Self-Evaluation score
based on the number of times a student rated
himself above average on the 20 traits.

8. The Creative Activities scale {CAS),
a list of hobbies and activities assumed to
demand criginal behavior.

9. Teacher Ratings on ten traits, obtained
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as part of the National Merit Scholarship
competition,

10. A Breadth of Interest score based on
the number of activities and interests
checked from a list of 47 itcms.

11. A check list of creative achievements
in art and science.

12. High Schoo! Rank as reported by the
high school principal.

Statistical Analyses

Each of the mother’s PARI factor scores
was correlated (product moment) with all of
the measures on the children. Separate anal.
yses were done for male and female children.
Additionally each of the 32 items of the Cre-
ative Activities scale, the 20 items of the
Achievement check list and the 47 items of
the Breadth of Interest scale was checked for
its ability to differentiate the children of each
sex of mothers scoring in the upper and lower
27 per cent on each of the PARI factors by
means of the phi coefficient,

RESULTS

The correlates of the three PARI factor
scores are shown in Tahle 1. Before discussing
the individual significant correlates it is per-
haps appropriate to consider the possibility
that all the corvelations are due to chance.
Sixty-three correlates are reported for each of
the three PARI factors for each sex. Out of this
muny coefiicients, sampling variability alone
woulll account for perhaps four or five being
significant at the .05 level and perhaps one
being significant at the .01 level in each col-
umn. When evaluated against this standard,
factor A, Authoritarian-Control, shows clearly
nonchance regults with 18 correlations signifi-
cant beyond the .01 level in the male sample
and 10 significant beyond this level in the
female sample. Factor B, Hostility-Rejection,
shows borderline results with one correlation
significant beyond the .01 level and six beyond
the .03 level in the male sample and two
beyond the .01 level and six beyond the .05
level in the female sample. The correlates of
factor C, Democratic Attitudes, could well have
arisen by chance since none of the correlations
reached the .01 level of significance in either
sex. Thus, further discussion will be limited to
the correlates of factor A,
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Table 1. Correlates of Mothers’ Childrearing Attitude Factors among Persenality Measures of
Their Children
N {males) = 796, N (females) = 450

PARI factor
Authorit.-Contr, Hostil.-Reject. Demacr, Att,
Variable Males Females Males Females Males Females
Parent Attitedes (of the mothers)
Autheritarian-Control 31t 304 .08 .08
Hostility-Rejection 31t 304 104 09
Democratic Attitndes 08¢ .06 104 0ge
High School Achievement
High school grades ALt 1414 02 .10° 05 03
Science achievement 05 —.0] —.035 04 —.04 00
Artistic achievement —.03 ki —04 —.06 04 —08
Creative activities —.08" —06 —.0l —.02 05 00
Gough DRS
Intellectual competence —.12t —.07 —.004 .02 03 —03
Inquiringhiess —.131 —.0a -— 7 .08 72— 02
Cognitive flexibility —.13t —.13¢ —.01 .06 —01 —.02
Aesthetic sensitivity —.03 —.15% 01 -—.05 —.03 —.06
Sense of destiny —.091t —05 —.01 .03 04 —.03
Total {above 5 scales) —.204 —.15¢ —.05 05 .03 —.06
Potential success —. 131 —.24% —.03 .03 —.02 07
Teacher Ratings
Emotional stability 091 03 00 06 02 05
Maturity .0g# .03 —.01 .08 04 01
Originality .02 01 —.03 10* 00 08
Drive to achieve .04 05 —.03 04 03 .03
Dependability .07 A0 00 03 01 03
Citizenship 05 04 00 —.n2 .06 06
Popularity 02 .03 —.01 —.03 .00 01
Social leadership .01 201 —.06 11 —_.02 03
Intellectual leadership D8e AL - 03 Jd1e .02 05
Physical vigor 104 07 —.05 .01 .01 A1
Sum of the above 10 items 104 .13% —.05 A11° 01 .09
Self Rutings
Self evaluation 04 00 .03 .00 02 M
Social conflict index .05 .08 —.03 121 —.04 —.03
Emotional stability .04 01 00 —.05 .05 04
Originality —.11+ —.07 —.01 J10¢ H1 —m
Leadership 01 —02 .02 05 08 —04
Popularity 03 —0d .03 .0 A7 —02
Athletie ability 03 —.08 04 .02 —.06 —.04
Dependability 03 D3 —.03 —.02 —.05 06
Drive to achieve .07 A5 02 05 02 —02
Scholarship .01 04 —.0R® 07 — .02 00
Sociability O7e 01 05 —.08 Lirkd 03
Aggressiveness 07 04 .06 .03 01 —02
Neatness .07 —.01 02 —07 —.03 01
Self control 03 —.02 00 .07 07 07
Independence .05 =05 .03 .05 01 02
Conservatizm 03* 04 080 —02 .01 00
Practical mindedness 04 —.03 01 05 —.01 04
Exprassivencss —.111 —03 .01 —.05 03 —08
Cheerfulness 03 —03 00 —.134 07e .00

{ tuble continued on next poge)
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Table 1 {continued}. Correlates of Mothers” Childrearing Attitude Factors among Personality

Measures of Their Children
N (males) — 796, N {females} = 450

PARI factor
Aunthorit.-Contr. Hostil.-Reject. Democr. At
Variable Males Females Males  Females Males Females
Sclf confidence —.03 03 04 208 .05 06
Self vnderstanding —.04 —.03 01 03 —.04 —.08
Perseverance 04 O3 03 02 00 07
Originatity and Personality Seales
Complexity-sinplicity —. 143 —.19¢ 04 07 —04 —.11%
Independence of judgment —.15t —.13t —.05 209~ —.07r —.10¢
Barron originality —.20F —.124% 00 9= D4 —01
Mastery .05 03 --02 —.01 —.04 —.05
Deferred gratification 091 .03 —.02 .02 —03 —.04
Breadth of interest 00 —.04 —.02 —.04 05 —02
Ghiselli Inventory
Supervisory gualities —20f —02 — 7Y 00 .06 .03
Initiative 01 —.04 —.03 07 —.01 05
Self assurance —.03 —.06 —.07*  —.01 06 Rix]
Occtpational level -—.09f —.02 —.02 06 .00 01
Vocational Preference Tnventory
Response bias 03 04 .05 07 03 —.04
Inkrequency .05 02 05 — .06 07® Kii
Realisti¢ prientation 05 Kils m (7 .06 03 —.02
Intellectzal orientation 02 —.06 —.01 02 —.01 02
Sacial orientation .04 04 03 —.08 —.0M1 Aar
Conventional arientation .06 154 02 R A 05 01
Enterprising orientation 05 07 .01 —.03 0OR® 03
Artistic orientation 01 —.04 01 —.03 04 —.06
Aggression D4 —01 03 .08 —02 —.08
Contral 07 —01 03 —.11% 01 .08
M-F Kile .04 —.05 %) 03 —.04
Status .02 .09 .00 —.02 05 .01
® p<l.05.
Fp<<.0L

O[ major interest are those child person-
ality measures which were significantly related
to authoritarian childrearing attitudes of the
mother in both sexes. Most of the inventory
measures of originality were negatively related
to the mother’s authoritarian attitudes. The
RS scales of Cognitive Flexibility, Aesthetic
Sensitivity, Potential Success and the Total
score were negatively related (p < .01} in
hoth sexes as were the Complexity-Simplicity
scale, the I[ndependence of Judgment scale
and the Barron Originality scale, For male
subjects authoritarian attitudes of the mother
were negatively related to the child's self rat-
ings of originality and expressiveness (p <
.01). Conversely, the sum of the teacher ratings
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of the child on ten generally favorable traits
was positively related {p < .01} to the
mother’s authoritarian attitudes in both sexes.
All correlations of the individual teacher rat-
ings of the child with mother’s authoritarian
attitudes were positive in both sexes, but most
were not significant. Mother’s authoritarian atti-
tudes were also positively related to high
school grades in both sexes (p <7 .01).

Thus, expressed authoritarian childrearing
attitudes on the part of the mother are related
te lack of originality, and to conformity of
thought and expression on the part of the
child. However, the child of the authoritarian
mother tends to make better grades in high
school than the child of the non-authoritarian
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mother and he tends to be rated more favor-
ably by his teachers,

Correlations were computed between the
thres PARI factors and the individual items of
the check lists of intercsts, creative hobbies,
and achievements. Ninety-nine items were cor-
velated with each factor score. Factor A had 16
significant (p < .05) correlates in the male
sample and 14 in the female sample. Factor
B had six significant {p < .05) correlates in the
male and four in the fernale sample. Factor C
had six significant (p < .05) correlates in the
male sample and three in the female sample.
In view of the number of relations computed,
the correlates of factors B and C should be
attributed to chance. Factor A was related to
the interest and achievement ijtems beyond
chance expectation. However, the proportion
of chance items among the significant corre-
lates is high enough to make interpretation dif-
ficult. The items significantly related to factor
A are shown in Table 2. In both sexes the stu-
dents with high authoritarian mothers as op-
posed to those with low authoritarian mothers
tended to check items which require originality
less frequently and preference for church
work more frequently. The items concerned

with preferences for sports and school subjects
are ambiguous and are difficult to interpret.

DISCUSSION

With certain qualifications {to be dis-
cussed), the hypothesis of a negative correla-
tion hetween mothers” authoritarian childrear-
ing attitudes and the originality and creativity
of their children was supported by the data of
this study. The finding that the children of au-
thoritarian motheis obtained better grades in
school and more favorable ratings by their
teachers is not inconsistent with the hypothesis
that authoritarian childrearing practices lead
to conformity and “good” behavior, but stifle
originality.

There are three possible ways that a corre-
lation between maternal attitudes and child
behavior could arise in a cross-sectional study
conducted during the child’s adolescence: {a)
the mother's expressed attitudes reflect her
treatment of the child during his early life, and
her treatment of the child produced behavior
patterns that have persisted or continued to
develop into adolescence; (b) the behavior of
the child affects the attitudes of the mother

Table 2. Interests and Achievements of the Child Significantly® Related to the Mather’s Authoritarian

Childresring Attitudes

796 Male subiects £50 Female subjects
Low factor A High factor A Low factor A High factor A
Like more:
English Track Field hockey Dusiness
Social studies Church work Harseback riding Chureh work
Camping Tennis Dancing
Reading Movies
Other Music

Have done more frequently:
Won literary award or
prize for creative

writing

Flayed piano for more
than 2 years

Writing poetry

Writing interpretive
report of historical
event

Making a molxle or
eollage

Doing experimental
photography

Won prize or award in
seientific talent search

Doing an etching or
woodeut

Plaved 1 or more brass or
woodwind instruments
for more than 2 years

Plaved piano for more
than 2 years

Planning independent
experiment

Finger painting

Writing interpretive
report in particular fleld
of study

Making a mobile or
collage

¥ pC 05,
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toward childrearing; (c¢) both the mothers
attitude and the child’s behavior are affected
by some third variable (e.g., socioeconomic
status, genetic factors, etc.}, On the basis of
the evidence at hand it is not possible to de-
cide with certainty between these three pos-
sible explanations of the relations observed in
this study. However, the possibility that the
mother’s education might serve as a medijating
third variable seemed likely enough to be
checked. Zuckerman ¢t al. (11) reported cor-
relations around —.40 with education of the
mother for the scales entering inte the authori-
tarian control factor. Thus, mothers in lower
educational levels would he expected to have
more authoritarian attitudes and it might also
be expected that they would have the less
creative children. In the present samples the
relation between education and autheritarian
attitudes was considerably lower {-.12 for
maothers of boys and —.16 for mothers of
gitls) than that reported by Zuckerman. This
lower relation with mother’s education may
be the result of the smaller range of education
in the present sample. The correlations of
mother’s education with the creativity and
achievement measures of the child were all
quite low and most were not significant. In this
circumstance, partialing out the mother’s edu-
cation had little effect on the correlation be-
tween PARI factor and the child’s scores. Most
of the correlations with the creativity meas-
ures were lowered slightly (by .01 or .02)
while the correlations with the teachers’ ratings
were generally slightly increased. The pattern
of significant correlations was unchanged by
partialing out mother’s education.

Since mother’s education does not seemn to be
a mediating factor, it is difficult to think of
some third variable which could be responsible
for the observed correlations. From the remain-
ing two possibilities, the hypothesis that the
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C. Academic Influences

Introduction

In the first two sections of Part IT the search for precursors of scientific interests,
capacities, and attitudes has proceeded in a highly speculative way. Not only has the
identification of salient variables been problematic, but also the postulation of signifi-
cance has been questionable, relying as it must on the dangerous tendency to estab-
lish correlations and to infer a continuous—and often causal—relationship between
phenomena that arc temporally widespread. Such correlations have a great likelihood
to be spurious, since no study has been made of the role and contribution of the many
other variables that intervene between t, and t,.

As one moves into academic work some of these methodological pitfalls are less-
ened. Continuities of events are more visible; and the context in which they are being
measured are more alike. As we have learned from the studies of vocational groups to
date, the accuracy of prediction improves immeasurably when both predictor and
predictive criterion are similar in the life situation, and when the nature of their rela-
tionship can be made more explicit. Thus in studying predictors of scientific research
work, one can study academic performance, examination grades, discipline-relevant
areas, university programs in scicnec, and the motivations and specific precipitants of
choice of work area. All these data have the advantage of being relatively “hard” data,
whase reliability can be checked by outside validating measures. Further, the hy-
potheses about their importance for adult work merely capitalize upon conscious de-
cisions and occupational plans for obtaining the relevant scientific training and back-
ground. These are decisions often arrived at early in the young scientist’s drives to
meet the core requirements of his specialty.

It has becn known for a long time that children who are motivated to acquire
knowledge and to perfect academic skills during their early years retain this motiva-
tion during adolescence and early adulthood (Janis, Mahl, Kagan and Holt, 1969).
Unless specific activities are considered, findings concerning grades in the elementary
years are not good predictors of later career performance. However, grade-point aver-
ages in graduate and undergraduate courses, especially in scientific areas, are corre-
lated with career success { Bloom, 1963; Platz, McClintock and Katz, 1959), Further,
Harmon’s study, which appears as the first reading in this section, showed that grades
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in mathematics and science at the high school level might be a good predictor for
later choice of carcer, Examining the high school data of all Ph.D.s from American
universities in 1958, Harmon found that the performance in math and science is out
of line with the general high aptitudes in the case of social science Ph.D.s. Harmon
thought the scatter in the grade averages might well be an early indication of an apti-
tude in social science rather than natural science areas. In his study, Ph.D.s in physical
and biological science invariably rank differently in all measures of ability, with the
biclogical scientists even lagging behind social scientists.

One of the pressing questions of the last decade has been the reasons for differ-
ences in the number of scientists and scholars produced by different universities. Are
there certain characteristics, such as size, orientation, location, of the universities that
facilitate achievement in science in general or are the differences in productivity a
function of the student body and their motivations and academic goals? Holland,
using superior high school seniors in a National Merit Scholarship program found that
bright students congregate in institutions which have a high index of scientific pro-
ductivity. Their choice of college is consistent with their own need for scientific
achievement and with the vocational choice of their fathers which was conducive to
intellectual achievement, Therefore, Holland found that high productivity appears to
be the result of an intellectually well-endowed student body which is oriented toward
scholarly and intellectual goals. Astin, investigating the same issue, found that to a
limited degree the kind of college a student attends influences his choice of disci-
pline. If a male student attends a technical college or a coeducational liberal arts
college, he has a more than chance expectancy of pursuing science; however, this is
less so if he goes to a northeastern men’s college.

In the same study, Astin also questions the point in a college career when a major
is selected. He finds that once in college, a student is more likely to leave the field of
science than to enter it. Choice appears to be made at the high school level. Perse-
verance with a scientific choice is also a function of the field chosen initially, that is,
a major in science or engineering is likely to pursue a higher degree after undergrad-
uate work. This graduate training is usually anticipated from the beginning.

Whereas the bulk of the work on the importance of academic events for later ca-
reer choice has heen conducted on the natural scientist, Clark has looked at the moti-
vations for becoming a psychologist, especially a significant contributor in psychology.
Interestingly, in this scientific area, a choice of a career usually occurs at the college
level, in the first two years for the significant contributors and a little later for the
lesser psychologists. Career choice is usually made after a number of other options
have heen discarded, options that were available because the students were bright in
high school and undergraduate courses. Continuity from undergraduate to graduate
work, without any disruptive intervention, also tends to encourage persistence toward
the Ph.D.
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A Multiple Discriminant Analysis of High School
Background Data for the Doctorates of 1958

Lindsey R. Harmon

BACKGROUND degrees from United States universitics. In
recent years this work has been supported in
large part by the National Seience Foundation.
Since 1957, the method of data collection has
congisted of a questicnnaire completed by
each doctoral graduate and forwarded by his
graduate dean to the Office of Scientific Per-

For many vyears the Office of Scientific
Parsonnel of the National Academy of Sci-
ences-National Research Council has collected
data regarding holders of eamed doctorate

Reprinted with permission of the anthor from

Scientific Manpower Report No. 4, 1964, National sormel. Among the questionnaire items is the
Academy of Sciences, Nationa! Research Council, name and address of the high school from
Washington, D.C, which the Ph.D. graduated. The present study
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is an outgrowth of the opportunity afforded by
this knowledge of the high school origins to
explore the high school backgrounds of doctor-
ate-holders, In 1960 the National Science
Foundation supported a study of the high
school backgrounds of the 1958 doctorate pop-
ulation which eventuvated in Scientific Man-
power Report No. 8 to the Foundation. An
essentially identical paper was published in
Science magazine on March 10, 1961, with the
same title, “High School Backgrounds of Sci-
ence Doctorates.” This report described some
of the major findings, but left many avenues of
possible research untouched, incliding more
penetrating analyses aimed at determining, as
well as could be done far after the fact, what
elements in the high school backgrounds
seemed to be influential in final choice of doc-
torate field for that portion of the high school
population that eventually attained doctorate
degrees.

With a view to exploring these questions
more fully, the Office of Scientific Personnel
proposed te the Foundation a further study of
the data gathered in this background survey.
The Foundation agreed, and further statistical
analyses were undertaken. One of the out-
comes of this further study was a report pub-
lished in November 1962 in The Bulletin of
the National Association of Secondary-School
Principals entitled “On Decision-Making In
High School.” The present report is concerned
with an additional study bearing on the same
general question, but undertaken from a more
sophisticated point of view, intended to derive
more substantial statistical results. Although it
is the final report submitted in connection with
the “additional analyses” of the 1958 doctor-
ate population’s high school backgrounds, it
serves also as a pilot study. It shows what
can be done with the more extensive data in the
process of being derived from a current study,
more intensive in nature, of the high school
backgrounds of the 1959-1962 doctorates.
This new study is also supported by the Na-
tional Science Foundation and conducted by
the Office of Scientific Personnel.

FIELD DIFFERENCES

In the early analyses of high school back-
grounds data, differences between fields of
doctorate appeared with respect to every var-
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iable analyzed, The significant variables were
reported in the published papers noted above.
The present report is concerned with the quan-
tification of these profiles of variables in a man-
ner that will permit their use in a statement of
the degree of significance of these field differ-
ences gs palierns. The statistical technique
used here is one form of multiple discriminant
analysis. This technique derives a set of
weights for the variables involved which will
discriminate among the several groups with a
maximal sharpness. These weights are then
used to assign each individual in the sample to
a group according to the pattern of his scores
on the relevant variables. The degree of agrec-
ment between this “assigned group” and the
actual group to which he belongs on the basis
of his actual attainment represents the power of
the high school backgrounds data in a pseudo-
predictive sense. It does not predict that any
given individual will eventually attain a doc-
torate degree in a particular field, but does say
that, given the fact that he has attained the
doctorate, the prababilities are such-and-such
that it will be in a particular field. This report
is an explication of the analyses done to arrive
at this kind of statement. It will first consider
the reasons for undertaking such an analysis,
then describe the results, and finally assess the
significance of these results,

CAREER DETERMINERS

Various theories may be advanced as to
why a given individual may choose a particular
career field. Some of the theories that have been
promulgated relate to innate constitutional fac-
tors, such as native aptitudes. Others relate to
such matters as interest pattems, which may be
assumed to be at least partially dependent
upon opportunity to explore various aspects of
one's world, but which, some contend, are
also constitutionally determined at least in
part, Other theories would depend wholly
upen the influence of environmental factors,
such as opportunity to acquire the necessary
skills, demand for people in various fields,
chance contact with a particularly inspiring in-
dividual who is then emulated, etc. The fact
is that very little is actually known, of a solid
scientific nature, with regard to the determin-
ing forces. It should be possible, however, to
explore empirically the relationship between a
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set of variables, some of which are “purely
environmental” and some of which represent
more nearly native constitution, to see whether
any or all of them are related, in fact, to career
choice. It cannot be shown, in a post-hoc study
such as is feasible with retrospective data, that
there is a causc-and-effect relationship betwoen
the variables that are cxplored and the final
decision. It may, however, be shown that
some are closely related to such choice, while
others are related to only a slight degree. Tt
may also be shown that there is a constellation
of factors which, acting together, seems to
bear a reasonable correlation with career deci-
sion, whereas any one factor acting alone may
not seem to be important. It would be possible
to educe from the data now available a series of
“field profiles” showing graphicallv the various
pattems of test scores, grades, and other var-
iables that seem to be related to field choice, as
the profiles in fact vary from field to field, and
usually in a quite understandable way. How-
ever, it might be very difficult to show that
these several profiles, and differences in pro-
files, are highly significant. On the other hand,
it might be found that none of the observed
differences are truly significant, and that some
theories dependent on particular sets of data
are therefore invalid, as they will not stand
up under an empirical test. It was with
thoughts such as these that the present study
was undertaken.

FIVE CENERAL FIELDS OF
DOCTORATE

It is convenient, in considering the possi-
ble field patterns, to use the Ave general fields
into which the doctorate population has been
divided for many previous analyses—fields that
make general sense and which are rather
clearly differentiated. These five fields are the
physical sciences, the biological sciences, the
social sciences, the arts and professions, and
education. The courses of training leading to
these several eventual fields are rather clearly
differentiated, and there is relatively little
crossing-over Irom one field to another follow-
ing altainment of the baccalaureate. These
five fields were therefore first chosen for ana-
lytical groups. However, as this represents u
rather gross grouping, it was felt that, if this
differentiation could be successfully done, it
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would be vahiable to attempt a somewhat finer
differentiation, namely, within the fields of
the physical sciences: mathematics, physics,
chemistry, geo-sciences, and engineering. These
two sets of differentiations, then, were the
subject matter fields chosen for the present
study.

WHAT THE MULTIPLE DISCRIMINANT
DOES

When a set of scores is available for the
members of each of several groups—in this
casc the five ficlds of doctorate—the multiple
discriminant analysis establishes a typical pat-
tern for cach field, taking into consideration
the mean score of the members of each field
on each variable, the variation about this mean
for the members of the group, and the inter-
correlations of the variables. If the typical pat-
terns of two groups are very similar, little
discrimination is possible. The degree of dif-
Ferentiation of the several groups can be stated
quantitatively, so that the question of whether
the discrimination is reliably established can he
=xamined, With the computer program avail-
able for the analyses reported here, it is pos-
sible to go one step further and measure the
degree of differentiation that could be estab-
lished on the basis of the scores alone, by as-
signing each member of the experimental sam-
ple to the group whose typical scores most
closely resembled his own profile of scores, For
each individual, the whole set of his high scheol
scores was thus assessed five limes in the pres-
ent study, comparing his profile in twm with
the set of functions that most fully differen-
tiated each eventual field of doctorate from all
the others. The outcome of this comparison is a
set of five “function scores” stating guantita-
tively the degree of fit of each individual (at
the high school level) to each of the groups
determined operationally many vyears later
when doctorate degrees were earned, The
computer program then picks out the highest
function score and “assigns” the individual to
this field. Finally, it compares the assigned
fields with the actual fields for the whole sam-
ple of cases, and produces a table showing how
many actual members of each group are as-
signed to their own eventual doctorate fields
and how many are assigned (on the basis of
their high school score patterns) to each of the



VARIABLES INFLUENCING CAREER CHOICE IN SCIENCE

other doctorate groups. The percentage of
correct assignments by this process is a meas-
ure of the power of the system, or the degree
to which individuals can be properly allatted
to their true eventual fields on the basis of in-
formation available about them from high
school records,

THE VARIABLES EMFLOYED

There were eighteen variables available for
the analysis, consisting of tests, grades, courses
taken and not taken, and elass size, and de-
rived variables stemming from these. In the
descriptions that follow, the term “score” will
be used when referring to the value of a given
individual or a group on any one of these var-
iables, even though it may not be an earned
score such as on an IQ test. The complete list
of variables, numbered to correspond with their
numbers in the tables that will be shown, are as
follows:

1. Intel. = intelligence test, The score
used is a converted one, in terms of standard
score equivalent for a test or average of tests.
On the standard scale used, the mecan is 50
and the standard deviation 10,

2. Rank = normalized rank in graduating
class; the mean is 50 and the standard de-
viation 10

3. Math GPA a grade point average
compted for all math courses taken.

4. Science GPA = a grade point average
including all science courses taken.

5. Math A-N-T = A count of the numbers
of math courses available in that school at
that time, but not taken by the particular
student.

6. Science A-N-T = a count of science
courses available but not taken.

7. Class size = a coded value for size of
high school graduating class.

8. EL alz. = whether clementary algebra
was taken.

9. PL geom. = whether plane geometry
was taken.

10. Int. alg. = whether intermediate al-
gebra was taken.

11. Trig. = whether trigonometry was
taken.

12. Coll. alg. = whether college algebra
was taken.
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13, Solid geomn. = whether solid geometry
was taken.

14, Gen. sci.
was taken.

15. Biol. = whether biology was taken.

16, Chem. whether chemistry was
taken,

17. Phys. = whether physics was taken,

18. Other sci. = whether any other sci-
ence course was taken,

whether general science

It should be noted that for items 8 through
18, the averaged value for a given group of
people becomes percentage of people in that
group who took the given course. The present
analysis used the notation of whether the
course was taken, rather than the grade
earned, because the grades, which would in
any cuse tend to intercorrelate rather highly,
are represented in the math and science grade
point averages. These averages would be more
reliable, certainly, than grades in individual
courses, atd should better represent the level
of performance of which the individual, or the
group, was capable. The percentage of the
group taking the course would, it was believed,
tend to represent better the direction of moti-
vation and hence would be more useful in the
discriminant analysis.

In order to determine the importance of
the various groups of variables, the analyses
were replicated with different sets of variables.
A set of 16 {omitting math and science GPA)
was involved in the first runs to be reported. In
the second run, the number was cut to the first
seven in the above list to determine the
unique contribution of the presence or absence
of the various specific courses in the individual
records. Finally, the size of high school grad-
uating class was dropped, leaving only six var-
iables involved in the analysis. Whether a par-
ticular course was taken or not was, of course,
in part a matter of opportunity for some of the
students, and a matter of choice for others.
The question of high school class size was ob-
viously quite outside the control of the individ-
ual. Its inclusion or elimination, therefore, fur-
nishes a test of the unique contribution of at
least one purely environmental factor. The ef-
fects of these various inclusions and exelusions
will he examined in connection with the par-
ticular tahles.
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THE SAMPLES

Three different sets of samples were in-
volved in this study, and each sample was
replicated in order to test the reliability of the
discrimination produced. Thus there were in
fact six different groups of individuals whose
records werc analyzed in this study. The first
two groups 383 and 584 cases each, were drawn
proportionately from the five general fields, as
mentioned earlier. A random sampling proce-
dure was used to select the cases, the only
restriction being that complete records were
required for this particular computer program,
The restriction tended to sample somewhat
more heavily from the vounger cases, and
from those from wurban scheols, as the data
were somewhat less complete from older rec-
ords and from rural areas. This restriction did
not severely bias the samples, however, as may
be seen in the tables,

The second set of samples was also drawn
from the five general fields of doctorate, but
on an equal-size basis. That is, 150 cases were
drawn from each of the five fields, for a total
set of 750 individuals in each sample. The as-
sumption underlying this sampling was that
one might wish to look at the problem from
the standpoint of high school students for
whom any one of five general fields of study
might be thought of as equally probable. As
will be seen in the statistics to be presented,
the equal-representation vs. proportional-repre-
sentation samples were not so different in the
final results as to make this variation one of
great importance, although the diseriminations
were slightly less distinct,

The third set of cases, 400 in each of two
replicated samples, was drawn proportionately
from the physical science fields alone, in an
attempt to determine whether it would be pos-
gsible by this technique to draw the finer dis-
criminations that are involved within one feld,
rather than between one and another of the
five gross fields.

THE STATISTICAL RESULTS

Two types of data are presented in the
tables that follow: the means of the several
groups on each of the variables involved, and
the “classification matrices.” The latter give the
classifications assigned by the computer pro-
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gram to each individual, summed by field.
Thus the number of physical scientists who are
assigned to the phvsical science field on the
basis of this analysis of the high school back-
grounds data is shown in the upper left-hand
corner of the first classification matrix, Table
2. Some of this group are mis-classified, as
can be seen, reading down this same column,
inte biological sciences, social sciences, arts,
and education. Likewise for each of the other
fields: the number assigned to each field, on
the basis of the it of their patterns of scores to
the pattern typical for each field, is given. The
figures in the diagonal cells of each table repre-
sent correct assignments, or “hits.” In each
of the tables, the percentage of hits for each
field, and for all five ficlds taken together, is
shown. This will permit a comparison of the
results for the two replicated samples from
each group, a comparison of the diseriminant
power of various sets of variables, and of the
differential power of this set of variables to dis-
criminate zmong the several fields here ana-
lyzed.

Table 1 presents the 18 mean values for
each of the five general fields of doctorate.
There are two colummns for each field, labelled
S-1 and 5-2 for the two samples used. It may
be noted that the pattern of abhilities shown for
the various fields is similar to that reported in
the earlier studies. However, because these are
relatively small samples, these means do not
have the reliability of the meaus for the whole
1958 population, and hence some variations
from the earlier studies are discernible. The
restriction o complete-data cases may also in-
troduce a small bias. It is appatent, also, that
the two samples are not entirely alike--again
a reflection of sampling variations which are
0 be expected with the numbers of cases given
here.

. Some comments on the particular values
shown may be of help in examining these
tables. The math and science grade point aver-
ages arc essentially arbitrary values, and are
not to be interpreted in terms of the wsual 0-4
scale typically used for college grades. On the
scale used here, A = 9, B =7, C =5, and
D = 3. If one reads across the Math A-N-T
row, it is apparent that the average value for
the science fields is less than one course avail-
able but not taken. However, the social scien-
tists umitted more than one available course,
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Table I. Means of Twe Santples From Five General Fields of Doctorate, on 18 Discriminant Variables

Variable Phys. sci. Biol. sci. Seoc. sci. Atts and prof. Education
-1 5-2 5-1 5-2 5-1 5-2 S5-I 5-2 51 5-2
No. Name N 150 150 125 126 150 150 78 79 79 79
1 TInt test 65349 6573 63.06 62,63 66.02 66,77 64,94 655.48 62.14 BZ.72
2 Rank 61.99 61.79 57.88 57.72 58.85 58.51 59,71 6222 56,46 56.75
3  Math GPA 7.68 7.51 6.58 6.45 6.43 G.36 £.61 707 6.08 6.27
4 Sci. GPA 7.85 797 720 TA09 6,78 6.68 6.68 7.31 6.50 6.67
5 Math A-N-T 30 49 78 0 1.03 1.39 1.30 85 1.03 1.16
6  Sci. AN-T 41 Sl 52 50 69 75 05 94 61 .82
7 Class size 5.21 5.55 5,43 5.532 5.80 5.69 4.99 553 4.92 525
8§ Elalg 85 .98 o8 96 95 97 97 94 06 97
9 PL geom, 1.00 .99 498 95 08 .55 .96 04 95 92
10 Int. slg. A5 A2 Bl 19 B3 79 85 i 56 i)
11 Trig. .80 78 56 650 .49 38 B2 35 33 29
12 Coll. alg. .24 .29 20 19 14 13 06 13 08 10
13 Sol. geom. 73 71 50 44 39 30 .29 32 33 .35
14 Gen. sci. 56 B3 .50 .67 ST it 56 58 65 .56
15 Biology 6 57 R-}) .76 B3 73 56 W56 T2 .61
16 Chemistry .05 .a3 87 87 79 75 .58 68 57 62
17 Phvsics 82 a3 76 76 59 73 49 A48 G2 .65
18  Other sci. 13 .10 17 14 A7 09 03 06 A0 10

as did also the humanitics dectorates and the
educators.

Table 2 gives the classification matrices
for the five general fields, proportionately sam-
pled, with three different sets of diseriminant
variables, in both of the replicated samples.
The diagonal cells of these tables, which have
been marked for ready reference, can be
summed for the computation of the total num-
ber and percentage of hits for each table. The
actual fields of doctorate are represented by
the columns in these tables; the “assigned
fields” are given in the rows, Thus at the bot-
tom of each sub-table is a figure, designated
“@C" for the proportion correctly assigned, or
hits within each field. The percentage of hits
for each table as a whole is the sixth figure in
this row. All individuals assigned to any given
field, regardless of their actual doctorate field,
are summed in the sixth data column in each
table.

For summations of the percentage of hits
in the several sub-tahles under Table 2, a table
is given at the bottom of the page, represent-
ing the average percentage of hits in the two
replicated samples in each of the three discrim-
inant analyses. Thus the frst row of this table

1ig

shows the power of the 18 variables, omitting
only science and math grade point averages.
Here the overall hit rate is shown to be 44.5%,
When only seven variables are used, the hit
rate drops to 36.2%, and when six only are
used, omitting the class size variable, the rate
drops again to 35.7%. As a preliminary method
of judging the significance of these hit rates,
one may compare them with the chance ex-
pectancy, which is approximately 20%, as
there are five fields into which a random
assortment could be made,

Some further comment should he made
with regard to the relative magnitude of the
diseriminating power of the several sets of
variables. To some extent, the higher percent-
age of hits with 16 variables constitutes a
matching of chance errors. The replication in
another sample, even though it maintains the
sume relative percentage, does not constitute a
full-fledged cross-validation of the discriminant
fimetion, That is, chance errors in the second
sample are also capitalized upon; the com-
puter pragram available for this analysis did
not permit the substitution in one sample of
weights derived from the other, to provide
a true cross-validation of the discriminant
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‘Table 2. Classification Matrices, Five Generzal Ficlds—Proportional

Sample I = 583 cases

Sample 2 = 584 cases

Basis of Classifi- Actual fields TOT. Actual fields TOT.
elassification cation PS BS 8% A E N PS BS S8 A E N

Ps 94 38 35 14 11 192 &9 0 27 13 12 170

BS 29 40 19 g 11 108 25 52 16 6 9 108

By 16 variables 85 12 19 48 & 9 04 16 18 58 8 13 113
A 11 9 27 34 13 04 9 11 23 37 13 a5

E 4 19 21 16 35 95 11 16 24 15 32 938

%C 62.7 32.00 32.0 430 443 431 593 413 387 468 405 459

PS o4 44 34 18 17 207 64 33 26 21 11 155

BS 22 a2 24 [ 13 97 27 4] 23 9 19 119

By 7 variables 53 12 24 41 L] 11 +F 16 26 af 16 14 124
A 14 12 a3 a1 17 107 30 10 23 26 13 107

E ) 13 15 18 21 78 12 16 22 i 17 75

TG 627 23.6 27.3 392 266 376 437 32.5 37.3 32.9 215 349

PS5 1ol 47 33 19 1% 219 64 33 27 21 10 155

RS 23 31 24 5 14 a7 29 44 24 11 20 128

By B variables 85 7 19 27 6 11 70 18 27 58 15 16 134
A iy 13 458 32 19 122 31 11 26 26 | 353 109

E 4 15 15 17 16 75 5 11 15 6 18 a5

i 673 24.8 1840 405 203 335 427 549 35,7 329 227 36.0

PS = Physical sciences, BS = Rio-sciences, 88 = Social sciences, A = Arts and professions, E = Education,

FC = Classified correctly

Percent Correct Classification,

PS BS
By 16 Variables 61.0 36,7
By 7 Variables 52.9 29.1
By 6 Variables 550 299

weights, When there are a large number of
variables, some of which are not highly re-
liable, there is opportunity for a considerable
capitalization on these chance variations. Tt
should be kept in mind, therefore, that, al-
though the 16-variable hit rate was 43% in one
sample and 46% in the other, a true cross-val-
idation might well shrink this rate to about
40% for both samples, or perhaps even
farther. The exact percentage of hits is not
greatly at issue, and it does not seem prof-
itable to pursue this matter further at this
point, particularly in view of the fact that
only a portion of the high school record, con-
cerned mainly with math and science courses,
was available for analysis in this study, In the
later study of the 1959-1962 Ph.ID.’s, the whole
transcript will be available for analysis, and a
more fexible computer program will also be

Average of Sammples I and 2

38 A E TOT.
354 449 424 445
32.3 36.1 24.1 36.2
254 367 215 357

employed. It may be cxpected to yield more
extensive insight into the early influences on
career decision.

Turning to the individual fields, and the
relative hit rates within them, it is noteworthy
that this computer program does best by far
with respect to the physical sciences, which-
ever set of diseriminators is used, This is prob-
ably in large part because this study, concen-
trating on the science fields, gathered more
information ahout science and mathematics per-
formance, The more recent study, still under
way, with i&s broader scope, might be expected
to produce a somewhat more even rate of hits
within the five general fields, because of the
inclusion of grades earned in English, foreign
languages, and social studies,

Table 3 presents the mean values for all 18
variables for each of the five general fields, for
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Table 3. Means on 18 Variables of Fwo Samples of 750 Cases Each, Drawn Equally From the Five

General Fields of Doctorate

Variable Phys, sci. Biol, sci. Soe. soi. Arts and prof. Education
Neo. Name 51 5-2 5-1 5-2 §-1 5-2 §-1 $-2 s-1 5-2
1 Int, fest 68.3% 67.51 62,84 61.99 65.42 66.69 66.50 63.29 651.15 62.41
2 Rank 63.81 62.80 57.64 S§7.15 58.94 &6l.14 61.58 59.97 56.91 58.23
3 Math GPA 7.091 7.73 6.54 6.38 6.54 6,73 6.86 5.69 6.30 6.09
4 Sci. GPA 7.6 7.92 7.21 6.97 6.79 6.97 7.12 6,84 5.63 6.56
5 Math A-N-T 47 a7 52 50 .85 82 99 85 N 78
6 Sei. AN-T 37 39 .65 91 1.21 .05 1.20 a7 1.03 1.13
T Class size 533 5.83 534 541 547 531 537 527 493 513
8 Elalg .05 96 96 98 95 94 .95 97 .98 87
9 Pl geom. 99 98 97 96 97 96 935 899 97 93
10 Int. alg. 93 95 B2 81 73 81 72 79 73 63
11 Trig 80 B0 Rty 32 45 A7 .34 A8 31 32
12 Coll. alg. .29 35 15 18 12 13 .08 A3 04 09
13 Sol. geom. 13 .74 49 40 a7 .40 .29 A0 27 35
14  Cen, sai. .58 .G7 63 65 53 35 57 58 71 B0
15 Biclogy 63 73 81 .80 65 .61 .61 B3 .63 b7
16 Chemistry 91 87 83 B7 .66 .72 .61 .69 53 &0
17 Physics 83 .93 76 68 .68 69 .48 .59 60 63
18  Other sci. 15 11 12 27 .10 .06 05 .06 .08 10

s different set of samples. In this case, rather
than sample proportionately from the several
fields, samples of equal size were drawn, This
should result in somewhat greater stability for
the patterns in the smaller fields. It may also
affect the claszification matrix, as a different set
of assumptions is involved. The classification
matrices for these equal-sample groups ave
given in Table 4. Flere, it will be noted, there
was no 7-variable set of discrimimators, but
only the 6-variable and I6-variable sets. In
general, the discriminations are slightly less
sharp, perhaps only by random sampling varia-
tions from those depicted in Table 2. As be-
fore, the physical seiences experience the high-
est hit rate, and the social sciences the lowest
hit rate.

The successful discrimination among the

five general fields led directly to the attempt to

discriminate among the sub-fields of the physi-
cal sciences, which bad stood out as distinctly
different in the gross-field analyses. Table 5
gives the means on all 18 variables for the
sub-fields of the physical sciences, in two rep-
licated samples. Table 6 presents the classifica-
tion matrices for these five sub-fields on 18, 7,
and 6 variables, respectively. Here the per-
centage of hits is definitely lower than for the
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five gross fields, yet well above the chance ex-
pectancy of approximately 20%.

The probability that the classification
achicved by this program operating on these
variables is something other than a random
sampling deviation from a pure chance distri-
bution can be tested by the x? criterion. This
was done for each of the classification tables
described above, and in every case the prob-
ability was less than two in ten thousand that
the classification results would have been
achieved through random sampling variations.
With - this assured, it seemed probable that
additional information ceuld be derived from
examining the individual columns of the
tables to determine whether some fields were
more sharply differentiated than others. For
the several portions of Table 1, which is con-
cerned with the five general fields, the results
were as follows: With 16 variables, all rows
and columns showed significant x* values.
Here we have assumed four degrees of free-
dom for each row and each column. The x?
value never fell below 18, which is significant
at the .001 level. With seven variables, the x®
values were not so high, but the minimum was
still significant at the .02 level, When the repli-
cated samples are combined, adding x2 and
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Table 4. Classification Matrices, Five General Fields—Equal Samples

Sample I = 750 Cases

Sample 2 = 750 Cases

Basis of Classifi- Actual felds TOT. Actual flelds TOT.
classification cution PS5 BS 88 A E N PS BS 8§ A E N
PSs 96 34 29 30 15 204 8 87 35 28 18 204
BS 28 65 23 10 27 155 29 60 21 26 21 157
By 16 variables 58 160 14 28 21 21 a4 22 12 44 27 24 129
A 11 13 37 64 21 146 3 13 2¢ 38 21 101
E 5 24 31 25 66 131 § 28 26 31 66 159
2C 64.0 43.3 18,7 427 440 425 573 40.0 293 253 440 392
Ps 93 39 38 43 29 242 83 36 40 37 30 236
BS 22 61 28 19 31 161 g9 52 27 24 38 170
By 6 variables s8 11 11 24 18 27 1 11 18 443 3/ 20 128
A 13 15 35 46 17 126 10 T 22 25 20 84
E 11 24 25 24 46 130 7 37 18 28 42 132
%C 62.0 40.7 180 30.7 30.7 36.0 62,0 347 287 167 280 340

PS = Physical sciences, BS = Big-sciences, 88 = Social sciences, A = Arts and professions, E = Education,
%C = Classified correctly

Percent Correct Classification, Average of Samples 1 and 2

BS
41.7

Ry 16 Variables

By

6 Variables

Ps

60.7
62.0

37.7

55

24,9
2W2.4

A E TOT.
340 440 409
237 204 3540

Table 5. Means on 18 Variables of Two Samples of 400 Cascs Each, Drawn Proportionately From the Five
Fields of Physical Sciences

Variable Mathematics Physics Chemistry Ceo-sci. Engineering

S5-I §5-2 5-1 5-2 5-1 5-2 81 5-2 5-1 5-2

Ne. Name N 37 ar 79 79 150 150 31 31 103 103
T Int. test T0.27 68,11 6908 70.19 66.21 66.08 65,68 6642 67.51 66.05
2 Rank 683.62 65.65 65.16 6623 62.62 63.63 5835 S58.63 63.94 64.28
3 Math GPA .34 8.38 §.19 8.32 7.61 7.70 6,78 G.70 8.06 794
4 Sci. GPA 7.63 8.24 8.11 8.16 7.84 8.03 T.48 T.A7 8.21 8.1
5 Math A-N-T B3 Rri)] 33 33 .39 41 52 BB .52 43
6  Seci. ANT .32 .35 .24 .30 41 2T i) .63 39 28
7 Class size 614  6.03 592 528 535 5232 561 532 580 550
8 Elalg. 1.00 .95 95 .92 a7 a7 94 1.00 96 97
9 Pl geom. 1.00 07 09 96 .08 97 1.G0 1.00 99 99
10 Int. alg. a7 1,00 o4 .95 .93 93 87 94 94 92
11 Trig. 78 95 .86 81 .74 81 71 .53 .85 56
12 Coll. alg. .41 49 &7 33 .21 21 39 06 35 .29
13 Sol. geom. 76 B0 B0 q6 71 .73 61 a2 B3 &0
14 Gen. sci. K2 62 .62 B7 61 .57 .85 45 .64 a7
15 Biology .68 .41 75 .58 72 .68 .65 52 31 54
16 Chemistry B9 86 35 86 91 .95 94 00 81 90
17 Physics .86 1.00 97 87 92 85 94 .90 .92 .98
18 Other sci. 22 16 13 14 12 11 .10 10 A7 17
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Table 8. Classification Matrices, Five Physieal Science Fields

Sample 1 = 400 Caser

Sample 2 — 400 Cases

Buasis of Classifi- Actuel fields TOT. Actual fields TOT.
classification cation M r c G E N M P c G E N
M 12 9 23 3 14 61 18 19 20 1 28 86
P 11 35 20 4 21 01 3] 28 27 4 11 76
By 16 variables c 7 13 48 3 18 89 3 13 50 53 24 95
G 3 6 34 15 17 75 4 10 a7 17 16 T4
E 4 16 25 [ 33 84 6 ] 26 4 24 69
%C 324 443 32,0 48.4 320 358 486 354 333 54.8 233 343
M 19 20 14 3 13 69 19 24 a8 3 23 99
F 12 22 37 2 26 o3 5 29 27 5 24 93
By 7 variables C 2 13 37 5 12 69 2 5 33 4 16 60
G 2 3 34 14 22 80 4 9 33 13 18 79
E 2 16 28 ki 36 53 4 12 29 4 20 69
%C 51.4 27.8 24,7 45.2 29.1 305 514 36,7 220 484 104 2990
M 18 21 13 4 13 69 11 16 23 5 22 7
P 12 26 40 1 29 108 13 33 26 5 24 101
By 6 variables C 1 a 26 3 8 44 3 6 22 3 11 45
G 2 9 33 16 22 3 3 9 32 14 19 T7
E 4 17 38 T 31 97 K 15 47 4 27 100
%C 48,6 329 17.3 51.6 30.1 293 29.7 418 14.7 45.2 26.2 268

M = Mathematics, P = Physics, C = Chemistsry, G =

rectly

Geo-sciences, E = Engineering, %C = Classified cor-

Percent Correct Classification, Average of Samples 1 and 2

M P
By 16 Variahles 40.5 30,9
By 7 Variables 514 323
By 6 Variables 392 374

degrees of freedom, the minimum value of
x2 is 28.7, with eight degrees of freedom, for a
probability of 001. When the number of dis-
criminators is dropped to six, omitting size of
graduating class, the x? value drops somewhat,
the minimum value being 27.3 for the com-
hination of the two replicated samples, with a
probability of .001. It is thus apparent that
even with only six discriminating variables, the
individual columns, as well as the table as a
whole, are significantly different from random
distributions.

Tuming tc the five sub-fields of the physi-
cal seiences, whose classification matrices are
given in Table 8, it is found that the individual
rows are somewhat less well-differentiated, al-
though the whole matrices are clearly not ran-
dom. The field that is least well-differen-
tiated from the others is engincering. Here,
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c G E TOT.
325 s16 27.7 350
23.4 468 243 298
160 484 282 2390

even with 16 variables, the abtained x® values
had probabilities as high as the 10% level, and,
combining samples, the probability was still
4.4%. This suggests strongly that engineering
is not clearly differentiated from the others in
terms of the high school grades, courses, intel-
ligence tests, and class size. One might recall,
in this connection, that it is probably the
rare high school student who in his own mind
clearly distingnishes between engineering and
physical scicnce, in terms of career possibili-
tes, while fields which have course content
names, such as mathematics, physics, chem-
istry, and geology can probably be more clearly
perccived as different, from the standpoint of
the high school student, Also, engineering
necessarily involves, in college and graduate
training and on the job, the study and appli-
cation of mathematics, physics, and chemistry,
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while, as vocational fields, mathematics, phys-
ics, and chemistry are often more highly spe-
cialized than engineering, involving less exten-
sive excursions into their sister diseiplines.

“THROUCH THE LOOKING CILASS”

Having established the fact that people
who eventually attain doctorates in various fields
are, as groups, distinetly different in their pat-
terns of high school experiences and achieve-
ments, it is interesting to take a look at the data
ay if these discriminant functions had been
available at the time these people were actually
in high school. Assaming that it could be
known that these samples of people would
cventually attain the doctorate, the question
would be to predict the field of doctorate from
the data involved in the present study. What
could one say about the probability of correct
prediction under these hypothesized condi-
tions? To summarize the data required for
consideration of this question, Table 7 was pre-
pared. In Table 7, the two samples are com-
hined for greater reliability, and only the anal-

yses based on 16 variables are used. The top
portion of the table presents the data for the
five gencral ficlds of doctorate, with the propor-
tiona] samples and equal samples presenied on
alterpate lines for ready comparison. In the
bottom portion of Table 7, data for the five
sub-fields of the physical sciences are given.
There were only the proportional samples in
the physical science fields.

The ficst data column in Table 7 gives the
number of cases actually drawn in each field,
combining samples 1 and 2. The second col-
umn gives the number elassified into each field
by the computer program—again the sum of
the two samples. The third data column gives
the summed number of hits in each field, and
the fourth column gives the percentage of hits.
The fifth column provides a ratio of the num-
ber elassificd into each field divided by the
actual number in that field. The sixth and final
column gives the “quasi-hit” ratéo, that is the
number of hits in a given field divided by the
number classified into that field by the com.
puter program. This final column may be
thought of as the ratio of correct predictions, if

Table 7. Summary Data From Classification Matrices: Average of Two Samples Based on 16 Variables,

With Derived Ratios

A. The Five General Fields of Doctorate

Sarrple Actual Classif. Claseif. Quasi-hit
Field design rumbers numbers Hits Hit rate actual rale
Fh s Prop. 300 362 183 .61 1.21 Sl
¥s. s Equal 300 408 182 61 1.36 43
Biol. sci Prop. 251 216 92 37 56 43
ial. seb. Ecqual 300 312 125 42 1.04 40
Social sci Prop., 200 207 106 35 .69 WSl
ocial sel. Equal 300 223 72 24 74 32
» Frop. 158 184 71 .45 1.20 38
Arts and prof, Equal 300 247 102 34 82 Al
. Prop. 158 193 &7 43 1.22 a5
Education Equal 300 310 132 A4 1.03 43

B. The Five Fields of Physical Science

Sample Actual Classif. Classif. Quasi-hit
Field design numbers numbers Hits Hit rate aotugl rate
Mathematics Prop. T4 147 30 41 1.9 .20
Physics Prop. 158 167 63 A0 106 .38
Chemistry Prop. 300 154 98 .33 61 .53
Geo. sci. Prop. 62 149 32 52 2.40 21
Engineering Prop. 206 153 57 98 74 37
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one were to base his predictions on the num-
ber of people who, at the high school stage,
“looked Iike” the people in a given field. “Look-
ing like” such a group is, operationally, having
a pattem of attributes matched most closely
with the typical pattern of people who even-
tually attain doctorates in that field.

Reading across Table 7, it can be seen that
the “quasi-hit™ rate, in the proportional sam-
ples, is Iower than the actual hit rate in the
fields where the computer program assigned
more people to a field than occwred there in
actuality, ie., where the classification/actual
ratio is greater than 1.00. Where this ratio is
less than 1.00, the quasi-hit rate exceeds the
actual hit rate. This is true in both the five
general fields and in (he physical science sub-
fields. This can most simply be interpreted in
terms of “target size.” The larger the target,
the greater the percentage of hits, when one
looks forward in time from the stage of high
school graduation to doctorate attainment. It
mav be observed, in this conncetion, that there
is less variability in the quasi-hit rate than the
actual hit rate, for the proportional samples,
Suppose, however, that the actual “targets” are
artificially constrained to the same size: What
happens to hit rate and quasi-hit rate? This can
be exarmined by looking at the data for the
equal-size samples. It is found, as was noted
earlier, that the hit rate tends to drop off some-
what, presumably because the natural “struc-
twe” of these vocational fields and their rela-
tious with one another is violated by the
artificial restriction to equal size. This effect
on the quasi-hit rate is two-fold: there is the
general tendency to lower values, but theve is
also much less varinhility in the quasi-hit rate.
The simplest and most straight-forward inter-
pretation here is that the several fields, when
thus artificially constrained in size, present
more pearly uniform targets. Although more
elaborate explanations, either mathematical or
psvchological, might be involved, it is difficult,
witlh the present data, to sustain any more re-
condite hvpotheses,

SUMMARY AND CONCLUSIONS

The present report is an outgrowth of a
larger study of the high school backgrounds of
the doctorates of 1958, For the present anal-
vses, samples were drawn from several thou-
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sand cases upon whom eomplete data were
available on 18 variables descriptive of the high
school grades, test scores, and high school grad-
vating class size for the 1958 doctorate grad-
uates. The samples averaged somiewhat over
100 cases per field for the five general ficlds of
doctorate, drawn proportionately from these
fields, and slightly smaller samples drawn from
the five sub-fields of the physical sciences. An-
other set of samples, all equal in size, was
drawn from the five general doctorate fields for
a supplementary analysis.

All samples were subjected to analvsis by
a multiple discriminant analysis technique
which isolates the characteristic pattern of
traits for members of a particular field. The
computer program then matches all members
of all samples with each of the feld profiles
isolated in the discriminant analysis, and clas-
sifies each individual into a quasi-field which
matches mast closely his individual profile. The
result is a “classification matrix” which shows
how many members of each actual field are
classified into each of the quasi-fields, includ-
ing their own, The proportion zllotted to their
own actual field constitutes the “hit rate” for
the program. In the present study it was found
that by emploving 16 variables in the diserimi-
nant analysis, the hit rate could reach shout
40%, or twice the number who could be as-
signed to each field on the basis of chance
alone. Analysis of these results by the Chi-
squared technique showed that all of the classi-
fication matrices were reliably different from
chance distributions, and that most of the indi-
vidual fields also were reliably discriminated.
Least well-differemtiated from the others of its
group was engineering, as distinet from the
other sub-ficlds of the physical sciences. This
was interpreted as due in part to the fact that
engineering, an applied field, draws heavily
upon the disciplines of all the basic sciences,
which themselves were more highly differenti-
ated from each other, All of the general doctor-
ate fields—phvsical sciences, bio-sciences, so-
cial seiences, arts, and education—were reliably
diflerentiated from each other.

It is concluded that there are character-
istics observable at the high school Tevel which
clearly distinguish as groups people who will
eventually attain doctorate degrees. Although
these groups can he distinguished with a fre-
quency twice that of a random assignment pro-
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cedure, it cannot be held that individual cases
are reliably assigned to eventuzl doctorate
fields. When the groups who, at the high school
stage “looked like” characteristic people in the
several doctorate fields were sorted out, and
then re-sorted into their actual eventual fields,
it was found that the “quasi-hit rate” so de-
rived was somewhat Jess than 40%, on the aver-
age, and that this rate depended in appreciable
degree on the particular experimental sam-
pling design, being less satisfactory when
equal-sized samples were drawn than when the
samples were drawn in proportions approx-
imating the actual field sizes,

The present results are not regarded as
being sufficiently definitive to permit the de-
scription of typical profiles which would be
useful at the high school level in predicting
which members of a given class would even-
tually attain doctorates in a particular disei-
pline, even when that discipline is broadly de-
fined. It is found, however, that differences

characteristic of groups do exist. The charae-
teristies of these group differences, at the high
school level, can be more adequately studied
by means of the data presently being assembled
in a further study of the high school back-
grounds of 2 large number of doctorate-hold-
ers of the period 1959-1962. The new study,
which will anulyze the entire record of each
student, rather than just the science and muth
portions, should yield a more balanced and
more discriminating profile. It is expected that
it will improve upon the “hit rate” found in
the present study. It is to be noted further that
statistical techniques have advanced in the
meantime, permitting a more meaningful de-
scription of the typical field profiles. The final
recommendation is that these improved statis-
tical techniques be employed with a wider
range of data on larger samples from the 1859-
1982 doctorates, with the confident expectation
that results of wider applicability will be forth-
coming,

Undergraduate Origins of American Scientists

John L. Holland

The role of undergraduate institutions in
the production of scientists and scholars is am-
biguous, despite two comprehensive studies by
Knapp et al. (1, 2}. These studies suggest that
certain colleges and universities are more pro-
ductive of scientists and scholars than others
—a kind of “institutional productivity” hypoth-
esis. The results of the present study, how-
ever, argue for an opposed hypothesis, or a
“student quality and motivation”™ hypothesis;
namely, differential institutional productivity
appears to be a function of the concentration
of bright students at certain institutions and of
differences in student motivation for scientific
and scholarly achievement. Specifically, bright
students congregate in institutions with high
indices of scientific productivity; their explana-
tioms for their choice of college seem consistent
with 2 need for scientific achievement, and
they have fathers whose choice of occupation

Reprinted with permission of the author and the
publisher from Science, 1957, 1£6:433-437, Copy-
right 1957 by the American Association for the Ad-
vancement of Science.
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appears conducive to intellectual achievement,
In contrast, bright students attend institutions
with low indices of productivity in fewer num-
bers; they give explanations for their college
choice which are suggestive of a more external
or practical orientation to education, and they
have fathers whose occupations suggest a {os-
tering of persuasive or leadership skills and
achievement,

The first study of this problem, by Knapp
and Goodrich (I}, implies that certain colleges
and universiies are more productive than
others of men who are later listed in American
Men of Science. The 50 colleges in this group,
for the period 1924-34, are characterized by
their small size, liberal arts orientation, and
geographic location~Middle and Far West, In
a second investigution, Knapp and ‘Greenbaum
studied the undergraduate origins of promising
young scholars (2). For this study, the cri-
terion of productivity is the number of gradu-
ate fellowships and scholarships and of Ph.D.
degrees awarded per institution in proportion
to the total number of their graduates for the
period 1946-51. Taken together, these analyses
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imply that the scientist who has achieved dis-
tinction and his younger counterpart, the
promising scholar in science as well as in other
fields, originate the most frequently in two se-
lect sets of 50 colleges and universities and that
the special qualities of these institutions facil-
itate achievement in science or scholarship in
general.

The present study reexamines the “institu-
tional productivity” hypothesis in the light of
some new evidence obtained in the course of
the National Merit Scholarship program. This
scholastic talent search vielded several national
samples of scholastically superiar high-school
seniors, with sufficient background data to ex-
plore three fundamental questions concerning
institutivnal productivity. (i) Are differential
rates of college productivity a function of dif-
ferential attendance rates by scholastically
superior students? (ii) Are differential rates of
college productivity a function of student socio-
economic status? (iif} Are differential rates of
productivity a function of paternal vocational
motivation and the implied attitudes and values
concerning scicnce, scholarship, and achieve-
ment?

BASIC DATA

The high-school senior samples studied
in the following sections include four similar
groups obtained in the National Merit Scholar-
ship program for the years 1955 and 1956: (i}
The winners in the 1955 program, 556 Na-
tional Merit Scholars; (ii) a 10-percent sample
of the Certificate of Merit students, or 430 near
winners for 1955; {iii} a 73-percent sample,
or 3000, of the 4228 Certificate of Merit
winners who replied to a guestionnaire con-
cerning present college attendance and schol-
arships (this sample overlaps sample ii}; and
(iv) a 10-percent sample of the 7500 finalists
for 1957, or 750 Merit Scholars and Certificate
of Merit students. Groups i, ii, and iii represent
the survivors of a nation-wide testing program.
All students ranked at least in the top 5 percent
of their gradnating clags, Their average verbal
and mathematical aptitude scores place them
in about the top 2 percent of the graduating
high-school population. Group iv represents a
sample of the survivors of the 1956 program,
in which 162,000 high-school senjors partici-
pated. The average scholastic ability score for
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this sample places them in about the top 5 per-
cent of the high-school graduating population,
Within these samples, more than 71 percent of
each male sample have chosen a scientific ca-
reer. The concentration in science for females
is about 35 percent. More explicit descriptions
of these populations are provided in several
other reports {3).

All four samples are biased, since school
participation in this program varies from state
to state (22 to 80 percent) and since urban
and larger schools participate more frequently
than rural and smaller schools. No exact esti-
mates of bias exist, but census estimates sug-
gest that about 88 percent of the 1955 senior
population did participate (4). The sampling
for the 1956 program is indeterminate with re-
spect to scholastic ability, since students could
be nominated by their principal or could enter
the program by nominating themselves with-
out regard to their class rank,

RESULTS

Are differential rates of college productiv-
ity a function of differential attendance rates by
scholastically superior students® A first test of
this hypothesis was made by calculating the
“expected” percentages of student attendance
for both the Knapp and Goodrich and the
Knapp and Greenbaum “high productivity” in-
stitutions. These estimates were obtained by
totaling the college population lor each of the
two criterion lists of 50 colleges and determin-
ing what percentages they represent of the
total wndergraduate population for the United
States (3). This simple method yielded “ex-
pected” percentages for groups of “high” and
“low” productive institutions. These percen-
tages were then compared with the “observed
or actual” percentages of attendance for the
Merit Schelar and Certificate of Merit sam-
ples of the 1955 program (groups i and iii).
This analysis is contained in Table 1,

The data in Table 1 reveal that these tal-
ented groups attend “high” productive schools
in frequencies which are 3 to 15 times the “ex-
pected” frequencies. For example, 7.3 percent
of the Certificate of Merit males would be “ex-
pected” to attend the 50 Knapp and Green-
baum “high” productive colleges, and 92.7 per-
cent would be “expected” to attend all other
“low™ productive colleges. Their actual attend-
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ance, however, at “high” and “low” productive
colleges is 42.8 and 57.2 percent, respectively.
Their actual attendance, then, at “high” pro-
ductive colleges (428 percent) iz azbout 8
times their expected attendance rate (7.3 per-
cent). Similarly, their attendance at “low” pro-
ductive colleges is less than their expected
attendance. These results are consistent and
statistically significant for both criterin. It is
interesting to note that these trends hold even
when the Knapp-Goodrich criterion is applied
to female samples, although that criterion was
devised to assess the institutional productivity
of male scientists only.

Tt appears significant, too, that the produc-
tivity ratios for “high” productive schools ap-
proximate the ratios of students which they at-
tract beyond their expected quotas. For the
Knapp and Goodrich criterion, the median
productivity ratic of “high” to “low” produe-
tive schools is about 4 to 1. High-ability stu-
dents are attracted to these colleges in ratios of
abont 3 and 4 to 1. For the Knapp and Green-
baum criterion, the median productivity ratio
of “high” to “low” productive institutions is
ahout 4 to 1 for males and about 11 to 1 for
females. The corresponding ratios of “observed
attendance” of high-ability students to “ex-
pected attendance” are about 6 and 12 to I for
males and females, respectively.

The present results are in agreement with
the finding of Knapp and Coodrich {1}, who
report a correlation of 0.39 between scholastic
ability and institutional indices of productivity
for a sample of 30 colleges. Their limited data
did not pennit, liowever, a more complete ex-

ploration of this relationship or an estimate of
the concentration of bright students in institu-
tions with high indices.

It iz possible that student knowledge of
the colleges’ productivity indices may have a
matked effect on their choice of college, so that
talented students shop for colleges with high
indices. Accordingly, a sample of 7500 finalists
(group iv) in the 1956 National Merit Scholar-
ship program was studied in order to explore
this ponssible bias.

The data for this analysis were obtained
from scholarship application blanks in response
to the query, “Why have you selected the col-
lege named on page 1 [the student’s choice]?”
The students who had sclected one of the 50
institutions that ranked highest in produc-
tivity in the Knapp and Goodrich study were
contrasted with an equal, random sample of
students who had selected other colleges and
universities. The blanks were reviewed for in-
dications that the students had any knowledge
of the productivity studies that are reported
here or of similar information, the implication
being that such information might have influ.
enced their choice. This search was negative.

To judge from their verbal reports, stu-
dents select colleges largely from considerations
of convenience, cost, {amilial affiliations, aca-
demic reputation, and so on. No student men-
tiened the productivity articles, but one of the
1,828 students sampled appeared to have some
secondhand knowledge of this material It ap-
pears, therefore, that the differential attend-
ance of high-ability students at the 50 selected
institutions was not influenced by publication

Table 1. Percentage of Expected and Actuil Attendance of High-Aptitude Students at “High” and “Low”
Productive Institutions. Each 2 by 2 Table is Significant beyond the 0,001 Level of Significance

Muales

Females

Cert. of Merit
college attendance

Merit Scholars
college attendance

Cert. of Merit
college attendance

Merit Scholars
college attendance

Criterion Expected Obseru;;!_

Expected Observed

Expected Observed  Expected Observed

Knapp and Greenbaum

High productivity 7.3 428 7.3
Low productiivty 92,7 57.2 92.7
Total 100.0 100.0 100.0

Knapp and Goodrich
High productivity 3.9 13.4 3.9
Low productivity 96.1 86,5 06.1
100.0 100.0 100.0

Total

43.3 1.6 16.2 18 24.7
56.7 98.4 §3.8 98.4 75.3
1000 100.0 1000 100.0 104.0
16.2 3.9 149 3.9 17.5
83.8 95.1 85.1 96.1 825
100.¢ 100.0 100.0 100.0 100.0
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of the Knapp studies; an cxplanation of the
differential rate must be sought elsewhere.

Are differential rates of institutional pro-
ductivity a function of differential socioeco-
fiomic status among student poprlutions?® Since
earlier work by Knapp and Goodrich (1} sug-
gests that scientists may originate more fre-
quently in “lower,” rather than in “higher,”
socioeconomic groups and that conceivably,
then, institutions with high indices of produc-
tivity may attract larger proportions of students
of lower socioeconomic status, a test of this
hypothesis appeared desirable.

For 1his test, the socioeconomic status of
groups i, ii, and iv was determined hy means
of the Minnesota Scale for Paternal Oceupa-
tions. For males, the distributions of fathers’
oceupations were found to be not significantly
different for "high” and “low” productive insti-
tutions. For females, the differences within
groups i and ii are not significant. The distri-
hutions of status for group iv—a 10-percent
sample of 1956 finalists—reveal statistically
significant differences. Students selecting “high”
productive schools come from higher sacioeco-
nomic status than those selecting “low” produe-
tive schools. The efficiency of this discrimina-
tien is moderate. However, since five out of six
tests are clearly negative, there is little cevidence
that difterences in institutional productivity are
due 1o different levels of socioeconomic status
among student bodies.

Are differential rates of institutional pro-

ductivity a function of parental vocational mo-
tivation and their implied attitudes and values
congerning science, scholarship, and achieve-
ment? Restated, students attending “high” and
“low” produetive colleges may represent differ-
ent, socially derived familial vocational motiva-
tions which might account for the differential
preductivity of scientists between these groups,
and, by implication, “high” and “low” produc-
tive colleges may attract dilferent kinds of peo-
ple, or personalities,

Groups i, ii, and iv were employed to test
this hypothesis. The fathers’ occupations for
these samples were classified in one of the fol-
lowing six vocational interest groups: physical
activity (manual and skilled trades), science,
welfare or social service, clerical or business de-
tail, persuasive or verbal activity (oral lan-
guage occupations, including selling, law, and
supervisory cccupations), and esthetic or artis-
tic oceupations (6),

Distributions were then formed for insh-
tutions with high and low indices of productiv-
ity for each sample. The Knapp-Goodrich
eriterion was emploved in this analysis, since
it appears to be the more valid of the two cri-
teria—valid in the sense that it represents an
ultimate, rather than an immediate, criterion.
The results of this classification for males are
shown in Table 2, The results for females are
clearly negative for all samples and are not
reported.

Table 2 displays two meaningful trends in

Table 2. Percentages of Fathers' QOccupations Falling in Various Fields of Work for Students Selecting

“High” and “Low” Productive Institutions {Males)

Group i Group i Croup iv
Merit Scholurs Cert. of Merit finalists
{No. = 65) {(No.= 337} {No. =47} (No. = 261) {No.=76) (No. =440
Field of work HEP L.P. H.P L.P. H.P, L.P.
Fhysical activity 24.6 18.7 13.0 15,5 21,1 17.8
Science 16.9 12.2 21.4 15.5 15.8 127
Welfare 12.3 10.9 16.7 9.1 14.5 7.13
Clarical 12.3 10.7 4.8 8.3 6.6 7.5
Percunasive 21.5 40.1¢ 28.6 44.2% 27.6 46.1°
Esthetic 3.1 29 4.8 0.0 0.0 11
Unclassified 8.2 4.5 4.7 7.4 14.4 7.3
Total percentage 99.9 100.0 1000 100.0 106.0 99.9

* Difference between percentages significant at 0,01 level.
1 Difterence between percentages significant at 0.06 level.
{ Difference between fathers' ocoupations for students selecting institutions with “high” and “low” indices of

produstivity is significant at (L05 level of significance.
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all three samples. Students attending or select-
ing “high” productive colleges tend to have fa-
thers who are engaged in occupations charae-
terized by their physical-activity, scientifie, or
sacial-service aspects, In contrast, students in
“luw” productive colleges have fathers who are
engaged in occupations which ure characterized
by their persuasive, sales, supervisory, and
leadership orientation, The differences for the
“persuasive” category are statistically signifi-
cant at the 0.01 level for groups i and iv and at
the 0.06 level for group ii. The remaining cate-
gories are not statistically significant; however,
the grouping of the physical-activity, scienee,
and welfare occupations and of the derical,
persuasive, and esthetic categories for an over-
all test is significant beyond the 0.05 level for
all three samples, It should be emphasized, how-
ever, that the total difference between “high”
and “low” productive samples is largely due to
differences found for the “persuasive” category.

The implications of these findings are sev-
eral. They suggest that the “high” and “low”
productive colleges attract somewhat divergent
student populations among male, high-aptitude
high-school seniors. On the one hand, “high”
productive colleges attract students whose fath-
ers work with their hands {machines or tools),
with scientific ideas or apparatus, or with peo-
ple in a social-service sense {especially teach-
ing). Such a hackground appears conducive to
achievement in science or to an emphasis on in-
tellectual attainment. In contrast, “low” pro-
ductive schools attract students whase futhers’
work is characterized more by its oral, persua-
sive, or leadership activities (in particnlar,
supervisory and ownership positions in busi-
ness, law, and government). Correspondingly,
these backgrounds appear to be less fertile for
the development of young scientists,

These parental vocational differences also
suggest dillerential values and attitudes toward
achievement in American society. Earlier psy-
chometric analyses indicate that interest in
science is assaciated with theoretical values,
with a relative deemphasis on political and
econcmic values; business interests are posi-
tively correlated with political and economic
values, with a deemphasis on theorctical and
scientific values, This evidence has been sum-
marized recently by Roe (7).

The verbal and social quality of the “per-
suasive” occupations suggests another area of
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disparity in the backgrounds of students se-
lecting “high” and “low” productive colleges.
Studies by Stern et al. (8), Roe (7}, and others
conyistently reveal that scientists as a group are
less social than many other occupational
groups, especially men in sales and leadership
occupations. It seems reasonable to assume,
then, that the children of scientists and work-
ers would acquire somewhat sirnilar social skills
and interests and experience which, in some
measure, would impel them toward achieve-
ment in relatively nonsocial pursuits. Con-
versely, the children of fathers who have oral
and leadership skills may have their verbal and
social skills fostered s0 that their achievement
is directed toward verbal or language ficlds.
Such a formulation implies that good business
and government leaders may originate the most
[requently in institutions which produce rela-
tively few scientists, and vice versa (8).

This loose theorizing suggested the need
for a more claborate analysis of the college-
choice evidence reviewed previously for infor-
mation sbout productivity only; that is, stu-
dent explanations of college choice for groups
selecting “high” and “low” productive colleges
should contain differences which are consonant
with the foregoing fermulations. The test of
this Formulation follows.

Yerbal Explanations of College Cheice

For this analysis, the verbal explanations
of eollege choice for all 1956 finalists {group
iv) selecting “high” productive colleges were
compared with those of an equal random sam-
ple of students selecting “low"” productive in-
stitutions. Male student statements were clas-
sified by two graduate student judges having
no knowledge of either this report or of similar
reports, Female statements were classified by a
single judge. The diserepancies in the two
judges’ coding of verbal reports range from 0.4
to 6.6 percentage points.

For males, the statistically significant dif-
ferences in Table 3 reveal that a college of
“academic standing, small size, research repu.
tation, or liberal arts orientation” is desired
more frequently by students selecting institu-
tions with high indices of productivity. Stu-
dents choosing institutions with low indices are
less concerned with these qualities and are
more concerned with attending a “good college,
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one which is close to home, or in a desirable
location.”

The differences for females form a similar
pattern. Women selecting “high” produective
colleges prefer a college of “small size” and a
“liberal arts orientation.” Among women select-
ing a college with a low index, these qualities
are less valued, and attending a “good college,
or ane of prestige” is held more valuable,

In all, the significant differences in Table
3 appear consistent with the formulation out-
lined earlier. To interpret, the selection of in-
stitutions with high indices appears to be a
functien of nceds for a small social group or
organization and a broad, intellectually

achievers with respect to scientific and schol-
arly eminence. And while these criterion col-
leges may have beneficial and nurturing qual-
ities, the student talent and motivation they
reccive by virtue of their reputation and orien-
tation may outweigh the college influence it-
self. In short, differential student populations
among colleges appear as a more probable ex-
planation of differences in productivity than
the special gualities of individual institutions.

DISCUSSION

The validity of this study rests largely on
its sampling of high-school seniors in the

Table 3. Summary of Verbal Reports of College Choice by High-School Seniors Selecting “High”

and “Low” Productive Institutions

Females

Reported reasons Muales Significant - Significant
for choice of {No. = 10588) difference {No, = 544) difference
institution H.P. LP. P H.P. L.P. P
Good college 47.9 55.1 < 0.05 35.6 43.6 < 0,05
Close to home 14.3 18.4 < Q.07 12.9 100
Low cost 3.9 5.5 2.9 5.9
Academic standing 20.6 15.6 < 0,05 33.3 27.4
Small size 27.9 8.5 < 0.1 3858 152 < 0,001
Recommended by friends
and others 15.1 158 12.6 11.5
Grod Facully 10.3 B.5 41 8.7
Prestige of college 6.3 5.1 Q.0 5.2 <0001
Desirable lecation 09 13.6 < (.06 9.6 10,7
Religious atfiliation 4.2 6.3 8.9 11.1
Physical facilities 6.5 8.1 0.7 1.9
Research reputation 2.0 0.2 < 0.01 0.4 0.4
Liberal arts orientaiion 171 11.2 <0.01 222 100 < 0,001
Miscellaneous 25.2 18.6 15.9 29.6

oriented educational experience. In contrast,
the selection of institutions with low indices ap-
pears to reflect confidence in living in a large,
social group and a more external—perhaps
more practical—orientation, inchiding consid-
erations of “prestige” and a “good college.”

This evidence also tends to negate the as-
sumed effects of the small, liberal arts college
strongly implied by the Knapp studies. The
student concentration and motivational hypoth-
esis appears more probable; that is, small,
liberal arts colleges may attract a dispropor-
tionate number of students who are consciously
seeking a small, liberal arts college and are rela-
tively homogeneous and potentially high

United States and on several psychological as-
sumptions concerning the relationship of scien-
tific eminence or scholarship to scholastic apti-
tude and achievement at the high-school senior
level. For 1935, the high-school senior samples
appear to be approximately represeniative of
high-aptitude seniors, since an estimated 88
percent of the eligible seniors did participate.
Census estimates reveal that the nonpartici-
pating 12 pereent is coneentrated largely in 13
southern states, a bias which suggests the effect
of 4 more representative sample.

It is likely that the concentration of high-
aptitude students in “high” productive colleges
revealed Dby this study would he unaffected by
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a complete sampling, since these institutions oc-
cur very infrequently in the South and with
great frequency in the Far West and Middle
Woest. This possibility is reinforced by a pre-
vious report which reveals a marked tendency
for students to attend colleges close to home
or in their own geographic region {10).

With respect to psychological assump-
tions, it is assurmed that scientists and scholars
are drawn generally from students who are
characterized by their high academic achieve-
ment in secondary schools and by their high
scholastic aptitude and verbal and mathemati-
cal aptitudes. This assumption is supporied by
extensive studics reviewed by Wollle (11).

This study assumes Further that early
academic achievement is predictive of later
scientific eminence {achievement) and schol-
arship in other areas. For this assumption there
is also extensive support. Studies by Cox (12},
Terman (I3), and others reveul that later
achievement has many forerunners of which
academic achievement is only one.

The present study militates strongly
agamnst the “institutional hypothesis.” In oppo-
sition to the latter formulation, the present
evidence suggests that differential productivity
is probably a function of differential student
populations which may be characterized by
{i) their divergent proportions of high-apti-
tude students and {ii} their differences in moti-
vation (scientific and intellectual activities as
contrasted with business and oral activities) as
well as by a number of implied differences in
attitudes and values. The second hypothesis
appears to parallel the work of Stern, Stein,
and Bloom (8), who report marked variability
in percentages of personality types or patterns
within five divergent institutions. Briefly, high
productivity appears ta be an expected result
of working with an intellectually well en-
dowed student body which tends coincidentally
to have a modal orientation toward scientific
and scholarly goals. It appears more probable
that college productivity indices should be at-
tributed to student characteristics rather than
to institutional influences.

This formulation might be modified fur-
ther by the time dimension. Tt appears possible
that some institutions in their early history may
have stimulated in a substantial manner stu-
dents who later achieved the Ph.D, degree and

eminence in science and in other areas and
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that through such activity these institutions ac-
quired reputations which differentially at-
tracted desired student groups and repelled un-
desirable ones. As an end-result, investigators
are faced with the problem of disentangling
the influence of an institution from the quality
and character of its student body, both of
which arc probably changing. In addition,
there may be a snowballing effect of college in-
fluence, which may be out of proportion to its
real effects. This sequence might accur in the
following manner. (i} A college influences stu-
dents to achieve in areas of science and scholar-
ship; (ii} a few talented students respond by
attaining Fellowships and Ph.D. degrees, and
perhaps one becomes a recognized man of sci-
ence; (Hi}) prospective students are im-
pressed, possibly by these achievements but
more probably by such evaluations as “tough
school” and “high standards”; {(iv) brighter
students with high intellectual goals enroll in
great numbers; {v) the odds for the success of
college influence are now greater; (vi} there is
more achievement; (vii} more bright students
enroll, with science or other appropriate schol-
arship orientation, and students with low aca-
demic motivation or motivation for goals which
represent the minority of the student body find
more suitable institutions; (viii) and so on.
This oversimplified analysis suggests that
teacher influence may have marked cffects on
scholar productivity in the early years of the
history of a college, but that this influence may
decrease to the point where the level and char-
acter of the student population become of
much greater importance as the institution de-
velops in time.

SUMMARY

An analysis of the college attendance or
college choice for four high-aptitude, high-
school senior samples suggests that the differen-
tial institutional productivity of scientists and
schalars ie a function of the differential college
attendance, paternal vorational motivations,
and their implied correlates among high-apti-
tude students. This formulation appears to be
more probable for males than for females. The
[nstitutional productivity hvpothesis proposed
in previous studies is not supported by the
present evidence.
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Background and Early Training of Psychologists
K. E. Clark

Every psychologist can provide an anec-
dote purporting to indieate how he happened
to get into the field; many of our respondents
did so in their replies to our inquiries about
factors leading to their entry into psychology.!
Attempts to categorize such responses have not
been too successful; our classes have been
crude and numerous. Yet, while our study of
individual responses emphasizes uniqueness, a
bit of sense seems to emerge as we examine
the composite. This in spite of our having de-
voted a relatively small part of our schedule to
these factors. . . .

To what extent is psychology able to cap-
ture the imagination of a person at a fairly
young age, to lead him to think about psy-
chology consistently as preparation to enter the
field, and to what extent does psychology even-
tually capitalizc upon a long-standing dedica-
tion to this area of investigation? As a fairly
voung profession, psychology has had less op-
portunity to fire the imaginations of younger
persons. Since it is only infrequently taught be-
low the college level, it perhaps suffers from a

Reprinted and abridged with permission of the
author and the publisher from Chapter 5, “Back-
groun] and Early Training of Psychologists.™ In K. E,
Clark (Ed.}, America’s Psychologists, pp. 106-119.
Copyright 1957 by the American Psychological Asso-
clation.

t enrrons’ NoTE: Thiz article is an abridgement
of Chapter 5 of the survey undertaken by the Ameri-
can Psychological Association in 1957 to study the
composition of the research Force in psychology and
the research potential of those in training and those
being recruited, To study sitnultanecusty the psy-
chalogists who were research geientists and those whe
devoted themselves to other professional activities,
two groups of subjects were surveyed: 150 significant
contributors to psycholegical science and a random
sample of ather APA members, Of the 150 signilicant
contributors, 50 received their first doctoral degree
during 1930-34; another 50 during 1935-39, and
the last 50 between 1940 and 1944, The persons
embraced by the terms “significant contributors™ were
not selected primarily an the basis of a large amount
of publication, nor an the evalnation of published
work., Rather they had to have published a consider-
able amount or else be known to leaders in the profes-
sion, and needed to acquire a substantial number of
nominations from their cofleagucs who were asked
ter indicate persons they thought to be significant con-
tributers to psycholegical science,
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lack of information ahout the duties and areas
of activity of psychologists. An examination of
motivations and of early vocational plans thus
seems desirzhle. The question asked first of
our respondents was, “At what period in your
life did you first think of psychology as a ca-
reer?” The analysis of responses to this question
are presented in Table 1. Obviously even think-
ing about psychology does not occur very early.
Less than 10 per cemt of any of our groups
began thinking about psycholegy in high
school; the undergraduate program in colleges
does the most to stimulate interest in psychol-
ogy, especially the last two years, and with par-
ticular effect on Significant Contributors. I'ur-
thermore, there is evidence of an increase over
the passage of time in the number of Signifi-
eant Contributors who thought about psychol-
ogy as a career in the first two vears of col-
lege. No such trend exists for the control
group. If the trend in these tables continues,
we would expect that persons who first think
about psychology as a career during their fresh-
man and sophomare years would be more likely
to become Significant Contributors to psycho-
logical science than persons who think about
this at a later time. Responses in Table 1 also
indicate that war or work experiences have a
differential influence, in that those persons who
first think about psychology in the context of a
job or at some time after college pracduation
tend to be less likely to become significant con-
tributors. This peint needs to be related to a set
of data which will be presented somewhat
later, having to do with the amount of timc
between receiving a bachelor’s degree and re-
ceiving a doctoral degree for our Significant
Contributors and the Psychologists-in-General.
The evidence points clearly to the fact that a
person who has a long interval between his BA
and PhDD is quite unlikely to be a significant
contributor to psychological seience, The per-
sems who first think about psychology as a ca-
reer after college graduation or during war ex-
perience or work experience are persens whose
elapsed time between bachelor and PhD de-
gree is likely to be considerably increased. It
may well be also that these are people who are
interested in psychology not as a science but as
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Table 1. Time of First Thinking About Psychology as a Career

Year in which doctoral degree was received

1930-34 1935-39 1940-44

A" B® A B A B
In high school a% 6E 2% 5% 8% 69
In first 2 vears of college 15 20 26 21 29 19
In last 2 vears of college 59 33 44 29 42 38
Shortly after college graduation 20 21 14 28 12 22
During war or work experience 0 9 2 5 2 ]
At another time 4 11 12 11 & i
Na answer o 1 0 2 0 1

* A—Significant Contributors; B—Psychologists-in-General.

a profession or techmology; that, in other
words, they desire to use psychology in its ap-
plications in business or industry or to the solu-
tion of personal problems rather than to work
in psychology to develop & science of hehavior.
Certainly if it is our desire to stimulate the
training of larger numbers of significant con-
tributors 1o psychological science, these data
suggest that the recruiting process ought to oc-
cur in the undergraduate college and that op-
portunities should be provided for students to
continue directly into graduate work. While it
may he quite profitable to attract the attention
of able persons who are otherwise vocationally
engaged after completion of college work for
further training in psychology, the likelihood
that they will make substantial break-throughs

in knowledge and will thereby merit the esteem
of their colleagues is not very great.

It is frequently stated that psychology
draws as students a considerable number of un-
successful medical school applicants. The bet-
ter understanding of the potential resources for
research personnel in psychology requires some
examination of the career possibilities rejected
or discarded by people whe firally decided to
enter psychology. It should be noted that this
presents only half of the picture, since it does
not sample the opinions and experiences of per-
sons wha at one time thought about entering
psvehology as a profession and then decided
against it. The results presented in Table 2,
which have to do with the careers rejected by
persons who did enter psychology, would yield

Table 2. Career Possibilities Rejected or Discarded When Respondents Finally Made
Decision to Enter Psychalogy (First answer only)

Year in which dectoral degree was recetved

183034 193539 194044
Career A® B¥ A B A B

Grade sehool or high school teaching 4%  10% 6% 8% 102 12%
College teaching 11 8 10 13 17 11
Education, miseellanequs 0 7 4 7 2 ki
Business and related activities 13 14 22 8 14 13
Fine arts and musie 4 3 4 4 6 3
Physical and biological sciences 6 3 3] 4 3 3
Medical sciences 11 8 16 11 10 18
Mathematics and statistics 2 1 2 1 ] 1
Social science and social welfare 2 5 0 4 4 6
Law, gov't. and polities 9 g 12 T 10 3
Engineering and architecture 13 5 10 5 4 8
Farming and forestry 4 0 i} 0 0 2
Skilled trades o 1 0 0 0 0
Miscellaneous 11 7 0 b 4 3
None or undetermined Il 19 10 16 2 11

® A—Significant Contributors; B—Psychologists-in-General,
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much more understanding of the process of
career choice if they also showed which occu-
pations or careers were accepted at the time
psychology was rejected.

Those who obtain PhD’s in psychology are
obviously not, on the whole, persons who failed
to get into medical school or who decided
against it. Table 2 suggests that there is no sin-
gle major source of persons who enter psy-
chology. As many as any other single group
were those who wanted college teaching {and
who perhaps found it unnecessary to dis-
card this possibility when entering psychol-
ogy). Grade school or high school teaching had
previously attracted a fair number. Business
and related activities are about the most fre-
quent of the discarded career possibilities.
These data do not indicate any consistent
trends with time nor any meaningfully consis-
tent differences between the Significant Con-
tributers and Psychologists-in-General. They
do, however, emphasize the point that the
sources for psychologists are very diverse in-
deed.

One question related to factors considered
by the respondent to be most important in lead-
ing him to decide to enter psvchology. This
question had been asked in a pretest form of
our questionnaire with a series of responses to
be checked and with an opportunity for the
person to add additional categories of response.
As a result, at the time the final questionnaire
was prepared it was possible to present a fairly
long list of motivational factors which might
have influenced a person to enter psvchology.
{Since these data are retrospective they permit
only conjectures about the types of statements
a person might have made at this earlier date.)
This list is presented in Table 3, with the per-
centage of each group who checked each item
on the list.

The proposition being examined in using
a question of this sort is that a psychologist
who enters the field because of strong motiva-
tions in sciences is much more likely to become
a significant contrtbutor than is a person who
enters with motivations primarily of a service
nature, A number of specific items of Table 3
tap these particular points. Thus the item,
“Desire to work with individuals or groups”
is probably more service than science oriented,
whereus the item, “Interest in human behavior
as a field for scientific investigation,” is a
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science item with very little service overtone.
It is quite interesting to note that the former
item differentiates quite well between the Sig-
nificant Contributors and the Psychologists-in-
General, whereas the latter itemn is one which
is subscribed to by substantial, and about
equal, numbers of both groups. Furthetmore,
items having to do with applications of psy-
chology in various areas make sharp differ-
entiations between the Significant Contribu-
tors and the Psychologists-in-General. An ftem
doing this particularly well is “interest in the
application of psychological techniques in such
areas as clinical, educational, or industrial psy-
chology.” If we may summarize the contents of
Table 3 in terms of the motivations of Signifi-
cant Contributors, it would be approximately
as follows. A person was more likely to become
a Significant Contributor if he entered the field
of psychology with a desire for doing research
in the area, with an interest in quantitative
analysis of psychological data, and if he had
been influenced by having heard or read about
rescarch in this arca. He need not have had any
particular desire to work with individuals or
groups, nor have had an interest in the appli-
cation of psychological techniques in such areas
as clinical, educational, or industrial psychel-
ogy and perhaps ought not to have had as a
major factor of influence having the field rec-
ommended to him by a counselor or friend. It
also appears that among persons getting de-
grees in more recent years it is desirable for
someone to have offered him a job or an as-
sistantship and for this, and a desire to do re-
search in this field, to have been important
factors in leading him to his decision.

These motivational factors need to be re-
viewed not only in terms of the differential
responses of the Significant Centributors and
the Random Control group but also in terms
of the general level of percentage response to
each. One of the most important of the factors
leading persons to select psychology as a field
is being interested in human behavior as a field
for scientific endeavor. Another is having be-
come interested in the field through the content
of courses in psychelogy, and hearing or read-
ing about research in the general area. Another
is wanting to know more about human be-
ings and their behavior. Thus psychologists,
whether Significant Contributors or not, have
as primary motivation an interest in people,
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Table 3, Factors Considered as Most Bmportant in Leading to the Decision to Enter Psychology

Year in which doctoral degree was received

1930-34 I1935-3% 1940—d4
Factor AY Be A B A B
Being influenced by a particular teacher of psychology 50%  60% 48%  48% 58%  54%
Courses were easy for me 20 17 24 28 a1 29
Becormning interested in the field through reading books
in psychology 37 36 38 32 40 44
Hearing or reading about research in this fietd 26 22 30 25 44 23
Need to understand myself 17 12 10 21 17 19
Tnfluence or example of relative or friend 9 13 16 8 15 9
Desire to work with individuals or groups 15 34 10 29 10 32
Interest in human behavior as a feld for scientific
investigation 59 33 52 59 52 47
Doing research in this field 37 26 28 22 48 25
Intexrcsk in the application of psychological techniques
in such areas as clinical, educational, or industrial
psychology 15 46 20 44 iz} 43
Inability to get training in an area that intcrested me more 4 2 2 3 4 5
Having a field recommended to me by a counselor or friend 4 11 14 6 4 =
The prestige of psychology 2 2 0 4 4 5
Becoming interested in the ficld through the content
of ¢ourses in psychology 43 47 50 46 50 46
Having been helped in personal problems by a
psychologist 2 4 0 2 6 4
Desire to solve society’s problems 29 11 10 Il 19 16
Someons offered a job or assistantship 17 20 22 13 35 18
Desire to enter a profession of some type 15 13 26 13 12 14
Interest in the quantitative analysis of psychological data 26 13 28 12 29 12
Difficulty in getting support for work in another
department 1] 1 6 3 6 2
Desire to enter a field which seemed to offer Fairly
lucrative rewards 2 2 2 4 2 1
Wanting to know more about human beings and
their behavior 52 52 44 54 40 56
Other 13 15 0} 22 21 17

* A Significant Contributers; B— Psychologists-in-General,

and a desire to work with problems of human
hehavior. They seem to learn about psychology
primarily through teachers, through courses
and through general reading. Very little of
their contact seems to be through having been
helped with personal problems by psychol-
ogists, having the field recommended by a
counselor or friend, or by need to understand
themselves, “Desire to enter a field which
seems to offer fairly lucrative rewards” is an
item which is not selected by very many per-
sons, nor were the items, “Difficulty in getting
support for work in another department,” and
“Inability to get training in an area that inter-
ested me more.”

The importance of being offered a joh or
an assistantship as a differential factor in the
recruitment of Significant Contributors to psy-
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chological science has already been mentioned,
Table 4 presents more specific evidence on this
point. Each respondent was asked to indicate
whether or not at the time he made Rrst appli-
cation for graduate work in psychology he was
offered a job or an award, and the nature of
the award. A considerably greater proportion
of the Significant Contributors were subsidized
on their entry into psychology. Furthermore,
the extent of subsidy apparently increased
from the period 1930--34 to the period 1940-
44 so that by the last period 71 per cent of the
Significant Contributors and almost half of the
controls received some kind of financial support
for their graduate work. The nature of this
suppart is also indieated. Scholarships, fellow-
ships, and teaching assistantships were the
most popular means for subsidizing graduate
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Table 4. Was a Job or an Award Offered at the Time of First Application for Graduate

Work in Psychology?

Year in which doctoral degree was received

193034 1935-39 194044
A® b= A B A B
Yes 52% 30% 60%  34% 71% 49%
Mo 48 56 44 65 29 27
No answer 0 5 0 1 0 1
If “yes,” kind of award:
Scholarship or fellowship 23 16 12 10 27 9
Teaching assistantship or fellowship
in psychology 17 19 36 18 29 22
Research assistantship or fellowship
in psychology 6 2 4 3 10 7
Related oulside work 2 1 0 2 C 2
Unrelated outside work 0 1 & 1 2 )
Clinical or counseling appointments
{not VA 4 1 2 0 2 2

® A—=Significant Contributors; B—Psychologists-in-General,

students in psychology thiough all of the fif-
teen-year period. . . .

Are persons who are attracted into psy-
chology outstanding students as undergrad-
uates? Table 5 provides rather reassuring data
on this point, although it is only a retrospective
self-evaluation. Three out of four of our Sig-
nificant Contributors rate themselves as hav-
ing heen in the top 5 per cent in their under-
graduate major subject. This proportion is
somewhat lower for the contrals. Somewhat
more than 50 per cent of our Significant Con-
tributors rate themselves as having been in the
top 5 per cent of their college undergraduate
¢lass in all courses. Only about one put of three
of the contiols so rate themselves. Thus while

we remain in ignorance about the actual under-
graduate record, the achievement as recalled
now by our rescarch psychologists and their
contemporaries was substantially different for
the two groups.

Both groups rate themselves well above
average for general college undergraduate
populations. This may be due, of course, to a
somewhat “mellow” recall and interpretation
of one’s undergraduate record. Even so, it
seems wnlikely that these groups as a whole
were anything like an average college group,
since each one of these persons did receive a
doctoral-level degree.

A question frequently asked is whether or
not a psychologist can prepare himself better

Table 5. Present Estimate of Standing in Undergraduate College Work

Year in which doctoral degree was received

193034 1935-39 1040 44
Standing A® B* A B A B
In Major Subject
Top 5% 768 55% T0% 66% 85%  62%
Next 20% 20 34 22 24 & 32
Next 30% 4 5 2 4 2 4
Bottom 30% 0 1 4 1 4 1
In all Courses
Taop 5% 57¢  34% 529 32% 65% 374
Next 20% 33 45 32 54 19 46
Next 30% 4 14 & 9 8 11
Bottom 50% 2 1 4 1 4 2

¢ A—Significant Contrilmtors; B—Psychologists-in-General.
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by taking an undergraduate major in mathe-
matics, or hiology, or zoology, or philosophy, or
sociology rather than taking an undergraduate
major in psychology. Many persons make such
recommendations or hold such beliefs. Ob-
viously it is impossible to give any kind of de-
finitive answer to questions of this sort or to
make a general statement that would apply to
any substantial and identifiable group of un-
dergraduate students, However, we can say
that a very substantial proportion of our PhD
groups had undergraduate majors in psychol-
ogy. This amounts to a percentage between 47
and 60 for our Significant Contributor group
and between 29 and 37 for their random con-
trols. There is a larger number of persons with
undergraduate majors in psychology in our
samples than in any other single area. The
Significant Contributor group is made up to a
much larger extent of persons who did have
undergraduate majors in psychology. If these
historical data have any predictive value, they
would indicate that a person has a greater like-
lihood of attaining eminence in psychology if
his undergraduate major is psychology. On the
other side of the cein, a person whose under-

Tahle 6. Undergraduate Major Subject

graduate major is in the humanities is less likely
to become a Sigaificant Contributor than he is
if his major is in almost any other feld.

These data are shown in Table 6. No sup-
port is given for the frequently stated proposi-
tion that the ideal undergraduate major is
mathematics. Only a small proportion of either
the Significant Contributor group or the con-
trol group has such an undergraduate major,
and there is no differential in favor of the
Significant Contributors as far as this variable
is concerned. Likewise Table 6 does not lend
any support for the feeling that a substantial
number of PhD’s in psychology started out as
premedical students, The number of persons
who were either in medical seiences or in pre-
medical programs is infinitesimal. An additional
feature worth noting is the especially high (860
per cent} figure for psychology majors in the
1940-44 Significant Contributor group. This
increase suggests that as psychology majors be-
come more frequent, and psychology more con-
spicuous, fewer ultimate potential Significant
Contributors will fail to be caught as under-
graduates.

Year in which doctoral degree was received

193034 1935-39 194044
Major subject Av Be A B A B
Psychalogy 47%  29% 48¢ 37% 60%  37%
Humanities 21 30 14 25 19 26
Soeial sciences 9 10 4 7 4 a
Natural sciences 9 10 8 3 4 10
Mathematics 4 4 8 8 4 4
Business 4 2 2 a 4 2
Engineering 2 1 2 Q 0 2
Educatien 4 6 8 6 4 9
Mise. or no answer 0 7 8 7 a 3

¢ A—Significant Contributors; B—Psvcholagists-in-General,

Undergraduate Instirutions and the Production of Scientists

Alexander W, Astin

The number of undergraduate students
who abandon plans to pursue a career in

Reprinted with permission of the author and the
Anierican Association for the Advancement of Science
from Science, 1963, [41:334-338.
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science far exceeds the number whe decide to
enter science from other fields. Hence, the
number of qualified individuals who are avail-
able to enter fields in which there is already a
shortage of trained manpower tends to he re-
duced. The factors in the student’s undergrad-
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uate college experience which affect his mo-
tivation to pursue a career in science therefore
seem worthy of investigation.

Among the factors which may influence a
student’s decision to pursue a career in science
at graduation are his personal characteristics at
the time he enters college and the type of col-
lege he attends. But it is difficult to study the
influence of the institution, since students are
net distributed randomly among different types
of colleges, Under these conditions, variations
among institutions with respect to the career
plans of their graduates may reflect differences
in the kinds of student bodies initially re-
ernited, differences in the effects of the insti-
tutions themselves, or some combination of
these twa factors,

The importance of using rigorons research
designs in attempting to compare the effects
of different types of colleges on student per-
formance is clearly illustrated by the history of
the “Ph.D. productivity” problem. In the
earliest studies (1) it was found that under-
graduate instilutions differed markedly in the
praportions of their graduates who eventually
obtaincd Ph.D. degrees. Such differences were
“explained” in terms of the college’s character-
istics: type of control, level of training of the
faculty, geographical region, laboratory facil-
ities, and so on, However, in subsaquent stud-
ies (2} it was found that these differences in
output of Ph.I}s could be attributed at least
partially to the characteristics of the entering
students, rather than wholly to the effects of
the institutions themselves, Two recent studies
(3. €) have, in fact, shown that many of the
institutions  which were classified previously
as “highly productive” turn out to be among
the most “underproductive” when selected
characteristics of their student inputs are con-
trolled.

The study discussed in this article com-
pares the effects of different types of colleges
on the motivation of high-aptitude students to
pursue ¢areers as scientists. The technigque used
ta contrel student input, which is described for
each section, was an adaptation of the mcth-
ods used in recent studies of Ph.D, productiv-
ity.

SUBJECTS
The sample of 6254 Merit finalists and re-
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cipients of the letter of commendation from the
National Merit Scholarship competition in-
cluded 4235 boys and 2019 girls who entered
college in the fall of 1957, Shortly after enroll-
ment, each student completed a questionnaire
on his intended cowrse of study in college, his
educational and vocational plans, his secioeco-
nomic background, and miscellancous related
matters. Data from thesc questionnaires, to-
gether with scores on aptitude tests and class
ranks in high school, which had been obtained
1 vear earlier in conmection with the Merit
scholarship competition, were used as input
(control} data. Twenty-one control variables
were selected :

1) Career choice in 1957,

2) Major field of study in 1957.

3) Sex.

4} Highest degree sought in 1937
{three-point scale: bachelor's, master'’s, or
doctor’s).

5) Verbal aptitude (Scholarship Quali-
fying Test, or SQT}.

8) Mathematical aptitude (SQT}.

7) SQT selection score: Mathematical ap-
titude score plus twice the verbal aptitude
score,

8) High school grades {percentile rank),

9) Decgree of satisfaction with career
cheice (dichetomy: “very satisfied” versus all
other degrees of satisfaction).

10} High school curriculum {dichotomy:
academic versus all others).

11} “Drop-out” predictor, a scale devel-
oped in a previous study (5) to predict
dropping out of college.

12) Number of semesters of mathematics
taken in high schaool.

13} Number of scholarships applied for in
1957,

14) Number of schelarship offers received
in 1957 (dichotomy: none versus ome or
more).

15) Distance from home (0 college.

16} Commuter versus resident in 1957,

17) Percentage of high school peers at-
tending college in 1957,

18) Father's occupation (dichotomy: ex-
ecutive and professional versus all others).

19) Father's cdueational level.

20) Mother’s educational level,

21) Number of books in the home.
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During the late spring of 1961—approx-
imately at the time of graduation—the stu-
dents completed a sccond questionnaire in
which they again reported their career plans.
Students who indicated that they intended to
do scientific research or to teach science at the
college or university level were designated as
pursuing a “career in science,” This dichot-
omous criterion served as the dependent varia-
ble for the study.

COLLEGE VARIABLES

A subsample of 1548 students was selected
for the analyses of the differential effects of col-
lege. Only students who attended one of the 82
colleges and universities which enrolled 15 or
more students from the total sample of 6254 in
the fall of 1957 were included in the subsam-
ple. To minimize the contribution of any sin-
gle institution, not more than 25 students from
any single college were chosen. If a college en-
rolled more than 25, the students for the sub-
sample were selected at random.

Ten measures of institutional character-
istics or “traits” were used to assess the college.
Four were pgeneral characteristics (affluence,
stze, homogeneity, and masculinity), for which
measures were taken from a recent factor analy-
sis of 335 institutions {6), and six were “per-
sonal orientations”™ (realistic, intellectual, so-
cial, conventional, enterprising, and artistic},
measured according to the Environmental As-
sessment Technique. Scores ot these “personal
orientations” are obtained by determining the
percentage of baccalaureate degrees awarded
by the institutions in each of six broad felds.
Recent studies (7) have shown that these per-
centages yield valid information about the psy-
chological climate at the institution.

The 82 institutions were also classified ac-
cording to five a priori “type” characteristics:
coeducational liberal arts colleges, men’s col-
leges in the Northeast, women’s colleges, pub-
lic universities, and technological institutions.
Each of these “type” characteristics was scored
as a dichotomy,

TRENDS IN CAREER CHOICE

Data for the remaining 4706 students were
used to study trends in career choices and to
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obtain weights fur two of the input variables,
Table 1 shows the distribution of students” ca-
reer choices at the time they entered college in
1957 and at the time of their graduation in
1961. In absolute terms, the net change in the
proportion of studeuts intending to pursue
careers as scientists is not large {a loss of about
4 percent}, but in relative terms this trend rep-
resents a decline of approximately 17 percent,
The decrease in potential engineers is much

Table 1. Trends in the Distribution of Career
Choices of High-Aptitnde Students {N = 4706)
During the Undergraduate Years

Proportion of
total sample

Career Percentage
choice 1957 1961 charige
Scientist 0.220 0.182 —17.3
Engincer 190 091 —52.1
All other 590 727 +23.2

more pronounced, with less than half as many
students planning to be engincers as seniors
than as freshmen. It should be remembered
that these students are among the top 4 per-
cent of the natiomal population in academic
ability., To people interested in increasing the
supply of qualified manpower in science and
engineering, such trends are a source of con-
cern.

Since it was expected that the students’
initial choices of careers and major Helds of
study would have a considerable bearing on
their final career plans, the 4706 students were
separated into several groups on the basis of
their choices, as freshman, of careers and ma-
jor fields. Table 2 shows the proportions of stu-
dents in each of these groups who were as-
piring to a career in science 4 years later,

As might have been expected, students
who initially planned careers as scientific re-
searchers or as college teachers of science were
the most likely to aspire to careers in science
after 4 years. Yet, even among those who ini-
tially planned te be research scientists, there
were marked differences, as a function of the
major field initially chosen, in the proportions
who later aspired to be scientists. For example,
among the male students who initially planned
to be research scientists, those who majored in
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natural sciences wetre about twice as likely to
pursue a carcer in science after 4 years as those
who majored in engineering.

Tt is clear from Table 2 that, for students
who choose nonscientific careers as frechmen,
the probability of aspiring to a career in science
after 4 vears is extremely low. In fact, among
the students of our sample (both boys and
girls) who, as freshmen, chose the carcer of art-
ist, diplomat, joumnalist, lawyer, or military
officer, none aspired to a career in science at
the time they gradnated,

Of the students whose initial choices of
career and major field are in some area other
than science, those who major in English or his-
tory are particularly unlikely to pursue a carecr
in science at graduation.

Some of the general trends shown in Table
1 can be accounted for in terms of the prob-
abilities given in Table 2. For example, about

one-third of the students who abandoned engi-
neering as a career ended up pursuing a ca-
reer in science, Thus, the net loss in the propor-
tion of students pursuing careers in science was
not great, even though about half of the stu-
dents who initially chose careers in science
changed to other careers. The data in Table 2
also make it clear that, while many students
leave science to enter other fields, “recruit-
ment” of scientists from other fields is very un-
likely to occur at the undergraduate level, For
example, 92 percent of the 854 students who
ended up pursuing careers in science began
their undergraduate careers either with plans
to become scientists or with majors in science
or engineering, whercas only about 2 percent
of the 1631 students who entered college plan-
ning to pursue nonscientific careers and to
major in fields other than science ended up
pursuing careers in science.

Table 2. Probability of Aspirving to a Career in Science at the Time of Graduation from
College (1961} as a Function of Career and Major Field Chosen as a Freshman (1957)

Males Females
Probability of Probability of
aspiring to asHring to
Career choice Major field scignce career science career
in 1957 choice in 1957 N in 1961 N in 1961
Scientific researcher Chemistry 156 .61 101 47
Scientific researcher Physics 315 58 31 .61
Scientific researcher Biology 16 .56 20 33
Seientific researcher Mathematics 87 .46 49 37
Scientific researcher Engineering 32 29
Seientific researcher Cther fields GR 43 a7 A7
College professor All sciences 53 AT 19 42
College professar History or
philosophy 35 Kili]

Callege professar Other fields 62 10 64 .03
Engincer All seiences 39 36
Engineer Engineering 783 .16
Engineer _ Other Aelds 432 .14 30 .23
Schoo! teacher All sciences 30 33 77 23
School teacher Other fields 48 .00 289 02
Business executive All seiences 26 .12
Business executive Other fields 99 03 18 00
Physician or dentist All sciences 246 Kir
Physician or dentist Other felds 33 03 53 .15
Clergyman All fields 50 .03
Artist, diplomat, journalist,

lawyer, or military officer All Aclds 335 00 108 00
Undecided All seienices 86 27 63 1S
Undecided English or history 51 D2 67 .03
Undecided Undecided 196 .08 145 .08
Undecided Other fields 36 06 20 .10
Other choices All sciences 34 .33 a4 10
Other cheices English or history 21 00 31 .00
Other choices Other fields 73 10 241 03

136



VARIABLES INFLUENCING CAREER CHOICE IN SCIENCE

CONTROLLING STUDENT INPUT

For all students in the subsample of 1548
students, the careers and major fields initially
chosen were assigned scores equal to the prob-
abilities in the appropriate cells of Table 2. All
students whose initially chosen careers and
major lelds were assigned probabilities of .00
on the basis of the data in Table 2 were ex-
cluded from the analyses of differential college
effects, since these students’ “criterion” scores
can be considered to be completely predictable
from input data. Exclusion of these students
reduced the subsample from 1348 to 1332,

Multiple-regression techniques were used
to control the 21 student-input variables prior
to the analyses of differential college effects,
Multiple point-biserial correlations hetween the
dichotomous criterion {choice of science career
versus choice of nonscience career at gradua-
tion} and the 21 input variables were com-
puted by mears of a stepwise lechnique for the
selection of predictors. The student-inpul var-
iables were added to the multiple correlation
until further addition of variables failed to
produce a reduction in the residual sum of
squares which exceeded p = .05. These multi-
ple-regression analvses were performed sepa-
rately for the samples of 976 boys and 356
girls.

The resulis of the analyses of input varia-
bles are given in Table 3. Eight input variables
entered into the multiple-regression eguation
for bovs, and five variables entercd into the
equation for girls. As anticipated, the career
and the major ficld initially chosen carried the
largest weights in predicting final choices of
science careers for students of both sexes.
Other input variables which were common te
the two analyses (that for boys and that for
gitls) were the highest degree sought as a
freshman, the educational level of one parent
{for boys, the father; for girls, the mother},
and academic aptitude (for boys, the SQT se-
lection score; for girls, the mathematical apti-
tude score). All of these input variables carried
positive weights in both analyses.

In short, the entering freshman who is
most likely to pursue a career in science after
college is the one who initially chooses a career
or major field in science or engineering; who
initially hopes to attain an advanced degree;
who has higher-than-average academic apti-
tude; and whose liked-sexed parent has a
higher-than-average level of education.

Next, higher-order partial correlations
{that is, correlations with the input variables
held constant} were computed between the
criterion and each of the 15 college character.
istics {the ten continuous “trait” variables and

Table 3. Results of Analyses in Which the Input Variables Related to the Student’s Decision

to Pursue a Career in Science are Controlled

Partigl R * Probability associated
of variable with reduction in
entering stm of squares due

Variable entering R"

. with criterion to variable entering
Males (N = 976)

Initial career choice and major ficld 576 576 <001
Hizhest degree sought 506 J92 <001
Father's educational level 603 120 <.01
“Drop-out™ predictor 609 (103 <05
SOT selection score 612 095 < .03
Number of books in the home 616 — 054 <05
Schalarship held 619 —.083 < .05
Commuter (versus resident ) 621 — 078 <03
Females {N — 358)
Initial career choice and major Geld 516 516 < 001
Mathematical aptitude 552 233 = .01
Highest degree sought 566 A5R6E < 05
Percentage of peers attending college =Yirk —.135 < .03
Mother's educational level =589 154 < .05

o Multiple point-biserial correlations corvected [or coarse grouping.
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the five dichotomous “type” variables). Table
4 shows the results of these analyses. Six of the
college-characteristic  variables appeared to
have significant {p < .05) effects on the
science-career choices of the male students,
whereas only two college-characteristic varia-
bles appeared to have significant effects on the
science-career choices of the female students.
The two college-characteristic variables
that appear to have the most pronounced ef-
fects on the male student’s choice of a science
career are “type” characteristics: men’s col-
leges in the Northeast {8), which seem to have
a negative effect, and technological institutions
{9), which seem to have a positive effect. A

Table 4. Effects of College Characteristics on the
Student’s Decision to Pursue a Career in Science

Fartial B °
with criterion
College { after control of
characteristic input variables) P
Male students

Northeastern men'’s colleges —.134 <. 0Mm
Technological institutiuns 113 <01
“Enterprising’ orientation —.100 <. 05
Homogeneity of the

environment 088 <.05
“Artistic” nrientation —.079 <.05
Coeducational liberal

arts colleges 079 < .05

Female students

Affluence —.1581 .01
Homgpgeneity of the

environment —.145 < .05

¢ Point-biserial correlations corrected for coarse
grouping,

third “type” variable—coeducational liberal
arts colleges (10)—also appeared to have a
positive effect on the male student’s choice of
a career in science. “Trait” variables which
had significant effects inchided the “enterpris-
ing” oricntation (defined primarily by the de-
gree of emphasis at the institution on business
or law), the “artistic” orientation {defined pri-
marily by the degree of emphasis on music, art,
literature, and foreign languages), and the
“homogeneity of the environment” (de-
fined by the extent to which the institution is
dominated by a single type of curriculum).
When the college-characteristic variables were
permitted to enter into the multiple-regression
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equation after the analysis of the cuntrol varia-
bles, the three “type” variables were selected;
after this, no further environmental variable
produced 2 significant reduction in the residual
sum of squares.

Of the 15 college-characteristic variables,
the “affluence” variable appeared to have the
greatest effect on the fernale student’s decision
to pursue a career in science. This factorially
derived variable, which reflects the institution’s
prestige and financial resources, the level of
training of its faculty, and the quality of the
student body, appeared to have a negative ef-
fect on the motivation of the female student to
pursue a career in science. When the “afflu-
ence” variable was permitted to enter into the
multiple-regression equation after the analysis
of the control variables, no further college var-
iables were selected.

DISCUSSION

Although several significant effects attrib-
utable to the characteristics of the college were
identified in these analyses, the absolute mag-
nitudes of these effects are small, Thus, the
characteristics of the student of high aptitude
as he enters college appear to be mmch more
important than the characteristics of the col-
lege he attends in determining his final choice
of carcer. It must be kept in mind, however,
that our sability to predict the choice of a
science career at graduation is still far from
perfeet; no doubt the individual student has
many unique and important college experi-
ences which we have not seen able to assess.
Nevertheless, with respect to gross effects, par-
ticular colleges and general college character-
istics of the type comsidered in this study
appeur to contribute little to the talented stu-
dent's decision to pursue a career in science.

The results of the college-effects analyses
for the male students are consistent with the
findings of several other studies, In particular,
the findings regarding the men’s colleges in the
Northeast are consistent with results of three
previcus studies, two of them made with sam-
ples unrelated to the samples of this study. In
the first of these three studies {3} it was found
that the men’s colleges in the Northeast tend to
produce fewer graduates who go on to get the
Ph.D. degree than would be expected on the
basis of the intelligence levels, major fields of
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study, and sex of their entering students, Simi-
larly, in another study (4}, made with some of
the students of the study reported here, attend-
ance at these colleges was found to have a
negative effect on the students’ plans to obtain
the Ph.D. The third study (11), of finalists from
the subsequent (1938} Merit Scholarship Pro-
gram, showed that students who attended
men's colleges in the Northeast got lower
scores on the Mathematical Aptitude Test of
the Graduate Record Examination than would
have been predicted from their freshman apti-
tude tests scores, their initial carcer plans, and
their fields of study.

The findings of the present study regard-
ing technological institutions and coeducational
liberal arts colleges also tend to be consistent
with the results of these earlier studies, with
some exceptions. For example, in one earlier
study (I1}, attendance at a technological in-
stitation was found to enhance the student’s
mathematical aptitude, but attendance at a co-
educational liberal arts college failed to have
this effect. Conversely, attendance at a eoedu-
cational liberal arts college tended to increase
the student’s motivation to obtain the Ph.D,,
but this was nnt true of attendance at a tech-
nological institution (4). In the study of Ph.D.
“productivity” (3}, both the technological in-
stitutions and the coeduneational liberal arts col-
leges tended to produce more Ph.D.’s than had
been expected, though these trends were not
statistically significant.

At this time, interpretation of these find-
ings is difficult and at best speculative. For ex-
ample, the men’s colleges of the Northeast
are characterized by prestige, affluence, and a
high “enterprising” orientation; this combina-
tion may result in an environment which dis-
courages the student from pursuing the highly
specialized and technical training required in
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the affluence of the institution attended. The
student’s decision to pursue a career in science
at graduation from college appeared to be
much more dependent on his characteristics as
an entering freshman than on the character-
istics of the college he attended.
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D. Cognitive Resources

Introduction

Just as certain developmental events, b