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Introduction

Over the past 30 years, many of the unenlightened barri-
ers preventing gifted women from achieving educational
credentials and occupational status commensurate with
their abilities have been removed. In many educational
programs, comparable gender representation quickly
ensued, especially in areas like law where many kinds
of 4-year cizgrees are acceptable for admissions. Excep-
tional performances by women on bar exams, law school
grades ancl honors followed, just as the protagonists
who worked so hard to remove the aforementioned
barriers ha 1 predicted all along. Gender-comparabilities
in medical schools, both in representation and in perfor-
mance, followed shortly thereafter. This trend served
to reinforce further the well-grounded arguments for
removing gender-discriminating educational barriers to
begin with. That is, arguments initially stemming primar-
ily from pclitical-ideological concerns now became but-
tressed by economic and psychological justification: not
only were women performing admirably in these areas,
the disciplines themselves were benefiting from a more
able stud:nt population. As a consequence of the
greater number of women with exceptional academic
credentials entering law and medicine, both disciplines
have insur:d that their future leaders and practitioners
will have greater competencies and sophistication.

With such progress in mind, the attention naturally
has shifted to the physical sciences (our area of con-
centration’, where pronounced gender disparities still
remain (Dick & Rallis, 1991; Eccles & Harold, 1992;
Maple & Stage, 1991). Could similar benefits accrue for
these disciplines if more women entered and maintained
a commitinent to physical science educational/voca-
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tional tracks? Why has comparable representation in
the math/science pipeline not been achieved? Have
we completely removed from the physical sciences
the barriers that previously prevented women from
entering law and medicine? Are there factors unique
to the math/science pipeline that discourage women
from entering and excelling within it? These questions,
among many others, are being investigated through
our research. Here we focus specifically on factors
relating to educational/vocational choice, exceptional
educational/vocational achievements and gender dif-
ferences within the gifted population. Our research,
however, is also aimed at program experimentation and
refinement of well-known educational interventions.
That is, in working with intellectually talented students,
individually and in groups, we attempt to find and
provide environments wherein their talents can best
blossom and come to their full fruition. Understanding
what those environments consist of and learning how
to provide them are two of the more central goals of
our applied research. We shall draw upon that work
as well.

Our work with mathematically and verbally preco-
cious youth is particularly relevant to ascertaining the
critical determinants of gender differences in math/sci-
ence achievement. Noteworthy professional achieve-
ments in the sciences tend to be within the exclusive pur-
view of the highly able—people located within the top
few percentage points of the distribution of intelligence.
Given this, our Study of Mathematically Precocious
Youth (SMPY) provides a data bank especially well
suited to speak to male/female differences in educational
achievement and choice, inasmuch as it contains large
proportions of individuals, of both genders, who possess
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the intellectual potential for educational and career
excellence in engineering, mathematics and the physical
sciences, as well as for a variety of other distinct
professional careers.

It is the thesis of this chapter that the theoretical
model guiding our research with the gifted, which is to
be explicated, has implications for analyzing and better
understanding the under-representation of women all
along the math/science pipeline. Indeed, our empiri-
cal studies have revealed unique factors operating to
preserve gender-disparities in math/science careers and
these factors relate to choice. We propose here that
gender differences in achievement are a reflection of
choices and that these choices naturally emerge from
a number of gender-differentiating attributes critical
for a commitment to, and excellence in, math/science
careers. Further, we suggest that it might be profitable
to reconceptualize the professional and the public view
of gender differences in math/science achievement,
namely, as consequences of the different perspectives
and personal qualities that males and females bring to
situations.

In what follows, we shall draw on the longitudinal
findings from SMPY to illustrate key antecedents to
gender differences in the physical sciences. We shall
first describe the design of our study and its theoreti-
cal framework. This is followed by a discussion of
gender differences in actual achievement among the
mathematically talented and some empirical findings
involving gender differences on familiar as well as
underappreciated variables critical for choosing to excel
in math/science domains. Finally, we close with a brief
discussion of the implications of our current state of
knowledge and how these implications might be used to
both guide and organize the direction of future research
on gifted females (as well as males).

Study of Mathematically Precocious Youth (SMPY)

SMPY was founded by Julian C. Stanley in September
1971 at Johns Hopkins University and predicated on
the philosophy of conducting research through service
to intellectually talented students. SMPY was interested
in first identifying adolescents who possess exceptional
intellectual abilities and then to ascertain the factors
that contribute to their optimal educational and voca-
tional development. Special attention always has been
devoted to math/science disciplines. One intervention,
implemented from the start, was to provide these
students, through acceleration and special classes, with
better opportunities to develop their already exceptional
quantitative skills. To facilitate the uncovering of other
beneficial interventions and to answer basic research
questions about intellectual giftedness more generally,
SMPY established in 1972 a planned 50-year longitudinal
study, now being conducted at Iowa State University.
Through this study, which currently includes about 5000
talented individuals identified over a 20-year period,
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SMPY is beginning to bring into focus the factors that
contribute to gifted students’ educational, intellectual,
personal, and vocational development.

Participants in SMPY were identified through a talent
search, a concept developed by Stanley and initially
limited to mathematical talent (cf. Cohn, 1991; Keating
& Stanley, 1972; Stanley, 1973; Stanley, Keating, & Fox,
1974). The concept of a talent search has been refined
over the past 20 years and extended from 450 students
in 1972 to well over 140,000 on an annual basis and
from a focus on mathematics only to include verbal
and overall intellectual abilities. Yet the basic premise
of the talent search has remained the same: students in
7th or 8th grade (12- to 13-year-olds) who are already
known to have scored in the top 3% on national norms
on standardized achievement tests (e.g., the Jowa Test
of Basic Skills) administered routinely by American
schools are invited to take the College Board Scholastic
Aptitude Test (SAT) at regular administrations. The
SAT measures mathematical reasoning (SAT-M) and
verbal reasoning (SAT-V) ability and is designed for
11th and 12th graders who are planning to attend college.
(This form of assessment is known as above-level testing
(Stanley, 1990), inasmuch as the SAT was designed for
students 4 to 5 years older than SMPY nparticipants.)
Nonetheless, the score distributions manifested by these
gifted 7th or 8th graders are similar to those observed in
random samples of high school students (Benbow, 1988;
Keating & Stanley, 1972). It is through this mechanism,
the talent search, that the SMPY subject pool for the
longitudinal study was formed; all 5000 subjects, except
for one group, were selected for high SAT scores that
place them in at least the top 1% in intellectual
ability. Although several “types” of gifted students
are being studied, SMPY’s emphasis has remained on
the math/science disciplines.

SMPY’s Longitudinal Design

Four SMPY cohorts of gifted students, initially identified
at age 13, are being tracked longitudinally, as well as
a fifth cohort comprised of graduate students in this
nation’s top math/science departments (see Table 1).
Each cohort is separated by a few years. Collectively,
the five cohorts span 20 years. Also, several comparison
groups consisting of less able students are contained
within the longitudinal study. Because the students in the
first four cohorts were identified over a 20-year period,
using the same criteria, our design allows us to assess
historical influences to a degree (cf. Grinder, 1985).
This is a great advantage. Lack of historical control is
a problem associated with most longitudinal studies.
Another unique feature to the design of this present-
day longitudinal study is the continued augmentation of
Cohort 4, which is in the process of being formed. The
influx of new students into the longitudinal study allows
us to ask questions that were not possible in 1972 when
the study began. The currency of the study is, therefore,
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TABLE 1

The SMPY Longitudinal Study.
Its Cohorts of Subjects

When Age when Ability
Cohort N identified  identified SAT criteria level
Verb. = 370 or 1%
1 2188 1972-1974  12-13 Math = 390
Top 1/3 of Talent 0.5%
2 778 1976-1979 12 Search Participants
Math = 700 0.01%
3 423 1980-1983 <13 Verb. = 630
1983 12 SAT-M + SAT-V = 540 5%
Comparison Group
1982 12 500-590 Math 0.5%
600-690 Verb.
Math = 500 or 0.5%
4 =750 1987 12 Verb. = 430

Cohort 5 includes 750 students enrolled in top-ranked graduate departments in the
U.S. in various scientific disciplines; they were surveyed at age 23-25 in 1992.

maintain: d. Finally, as a validity check on our selection
procedures, as well as enhancing the longitudinal design
features of SMPY, we are conducting a retrospective
study of the characteristics and developmental paths of
graduate students in the top math/science departmentsin
the U.S. As noted earlier, this is our Cohort 5. Do such
students differ in substantive ways from the students in
the SMP'Y longitudinal study? If so, we soon will be in
a position to detect how.

Thus, over 5000 students are currently participating
in the SMPY longitudinal study and soon will increase
to over %000. All of the students in the five cohorts
are being surveyed at critical junctures throughout their
youth and adult lives. Moreover, each cohort will be
surveyed at the same age to ensure developmental
comparalility of our cross-cohort findings. This serves as
arough sketch of the composition of the SMPY database
and how :t constructed.

The Theoretical Structure Guiding SMPY Research

The conceptual framework for our research draws on
three alrsady existing theoretical perspectives (e.g.,
Dawis & Lofquist, 1984; Tannenbaum, 1983, 1986;
Zuckerman, 1977). We also incorporate some of what is
already k nown about the development of talent and per-
sonal pre-‘erences for contrasting educational/vocational
paths. Prmarily, our work is based upon a well-known
model of vocational adjustment, the Theory of Work
Adjustm:nt (TWA), a model that has been developed
over the last 30 years by Rene V. Dawis and Lloyd
H. Lofquist (Dawis & Lofquist, 1984; Lofquist &
Dawis, 1969, 1991) at the University of Minnesota.

One especially attractive feature of this model is that it
is readily extended to critical antecedents of vocational
adjustment, such as choosing a college major.

According to TWA, to assess optimal learning and
work environments it is useful to parse an individual’s
work personality and the environment into two broad,
but complementary, subdomains. An individual’s work
personality is primarily comprised of his/her: (1) rep-
ertoire of specific skills or abilities and (2) personal
preferences for the content found in contrasting edu-
cational/vocational environments. In contrast, differ-
ent environmental contexts (educational curricula and
occupations) are classified in terms of: (1) their ability
requirements and (2) their capability to reinforce. Opti-
mal learning and work environments are then viewed
as requiring two levels of correspondence, labeled
satisfactoriness and satisfaction.

Satisfactoriness denotes the degree of correspondence
between abilities and the ability requirements of a
particular environment (viz., occupation or educational
curriculum), whereas satisfaction denotes the degree
of correspondence between the preferences and the
types of reinforcers provided by an occupation or
educational track. Collectively, satisfactoriness (how
the environment will respond to the individual) and
satisfaction (how the individual is likely to respond to the
environment) are useful for predicting the length of time
individuals are likely to remain in various educational
or career tracks. They are continuous as opposed to
discrete concepts and one’s psychological adjustment
to any given environment at any point in time is, to
a large degree, a joint function of these two broad
correspondence dimensions (see Figure 1). One impli-
cation of the model is that assessing the environment
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FIGURE 1. The theory of work adjustment — a depiction

for its requirements and reward capabilities is just as
important as assessing the individual’s learning and work
personality (i.e., abilities and preferences). This model
also stresses the importance of assessing both abilities
and preferences, concurrently, to ascertain the readiness
of a given individual for a particular educational or
career track (cf. Lubinski & Thompson, 1986).

Personality Structure: Assessing Critical Dispositions
Jfor Learning Readiness and Efficient Work

ABILITIES

Before assessing abilities, one needs to determine how
intellectual abilities are best conceptualized. There is
actually a remarkable degree of consensus that intellec-
tual abilities are quite adequately depicted by Guttman’s
(1954) early formulation of the Radex (cf. Ackerman,
1987; Carroll, 1985; Humphreys, 1979; Lubinski &
Dawis, 1992; Snow et al., 1984); a Radex representation
of intellectual abilities, taken from Snow’s work, is pro-
vided in Figure 2. In this organization, cognitive abilities
are differentiated along two dimensions, complexity
(viz., sophistication of the intellectual repertoire, gen-
eral intelligence, or “g*) and content (viz., lower-order
factors composed of three relatively distinct symbolic
systems: verbal/linguistic, numerical/quantitative and
spatial/pictorial). Both are important to assess. In our
work with the gifted, for example, we have found it
useful to assess the complexity dimension to determine
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the extent to which educational acceleration is warranted
(to provide a more correspondent learning environ-
ment), plus lower-order factors to ascertain the precise
nature of the acceleration required (thus providing a
more individualized and optimal learning environment,
responsive to students’ unique strengths). Different
“types” of gifted students, for example, verbally vs.
mathematically precocious, assimilate certain course
work at different rates and more optimal learning
transpires if curricula are responsive to such individual
differences.

PREFERENCES

In our research (and as part of our summer programs),
the assessment of personal preferences is teamed with
ability assessment to paint a more comprehensive pic-
ture of the unique aspects of each student and of
how these features of their personality might factor
into educational and career decision making. Students
also have found this information useful in consid-
ering educational and career possibilities with high
school counselors and parents. Two of the more use-
ful schemes for analyzing educational/vocational inter-
ests and values are Holland’s (1985) hexagon (con-
sisting of Investigative, Artistic, Social, Enterprising,
Conventional, and Realistic vocational interests; see
Figure 3) and the Allport, Vernon, and Lindzey’s (1971)
Study of Values (SOV), which is comprised of six value
dimensions (or evaluative attitudes), sharing appreciable



Reconceptualizing Gender Differences

Auditor Letter Span
Visual Number Span
W-Digit Span Forward
W-Digit Span Backward

= Quantitative
Achievement

Letter
Vocabulary|Vocabularyl Series

Verbal

Listening
Comprehension

Code

Learning Paragraph

Recall

Reading
Comprehension

Word Beginnings
and Endings
Prefixes Suffixes
Synonyms

Addition-
Multiplication Subtraction

Division
Numerical Judgement

Arithmetic Reasoning
Number Series

Necessary
Arithmetic
Operations
Number Analogies

Raven Surface Development Form

Anagrams ™ L i Board
Recognition| Definition Verbal Paper Folding /
Verbal \Analogies !
Concept Geometric CIC Plotting
Formation

Achievement |
i

Number Comparison
W-Digit Symbol
. Finding A's
= 7 ldentical Figures

Paper

Breech
Block

W-Object
Assembly

W-Picture
Completion

FIC'URE 2. Hypothetical radex map showing suggested ability and learning simplexes and the content circumplex
“w” identifies subtests of the Wechsler Adult Intelligence Scale. (After Snow, Kyllonen & Marshalek, 1984.)

overlap with Holland’s model (viz., theoretical, esthetic,
social, economic, religious, and political). We assess
these attri»utes as they are useful for identifying optimal
learning environments (those likely to be most enjoy-
able and rewarding) for gifted students of comparable
abilities ut who differ in nonintellectual attributes
ultimately related to career choice.

Environment Structure: Assessing Critical Features
of Environmental Ecologies for Learning and Work

Up to this point we have talked about the person-
ality structure of the individual (abilities and prefer-
ences). School and work environments also can be
analyzed using analogous dimensions. Educational/vo-
cational environments may be construed as molecular
ecologies efined by: (1) their capability to reinforce cer-
tain prefe-ences and (2) the response requirements (or
the abilitics) that they demand of individuals. In physical
science environments the response requirements par-
ticularly irvolve high mathematical and spatial/mechani-
cal reason ng abilities but also strong verbal ability, while
investigative interests and theoretical values are among
the most salient personal preferences for gravitating
toward sc.entific environments, finding the content of
these disc: plines reinforcing (for developing one’s intel-

lectual talent) and maintaining a commitment toward
such disciplines (Dawis & Lofquist, 1984; Holland, 1985;
Lubinski & Benbow, 1992; MacKinnon, 1962; Roe,
1953; Southern & Plant, 1968). These environments
require intense abilities and preferences for manipulat-
ing and working with sophisticated things and gadgets
for lengthy periods of time. Individuals with pronounced
or relatively higher social values (or stronger need for
people contact), in contrast, are not as readily reinforced
in such environments.

The above is what we and others have found to be
the person—environment correspondence structure for
engineering and the physical sciences (Dawis, 1991;
Dawis & Lofquist, 1984; Lubinski & Benbow, 1992;
Holland, 1985; Roe, 1953). Although students are not
formally selected for advanced scientific training based
on their theoretical values, their investigative interests,
or their spatial and mechanical reasoning abilities (but
they are on mathematical reasoning ability), they appear
to self-select scientific careers based on all of these
attributes, whether they are explicitly aware of their
abilities and preferences or not (Humphreys, Lubinski,
& Yao, 1993). Moreover, an individual will remain in
the sciences to the extent that congruence is established
between (1) his/her abilities and preferences and (2)
the skill requirements and reinforcers provided by
the scientific environment, respectively. Satisfaction
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* The World-of-Work Map arranges job families (groups of similar jobs) into 12 regions.
Together, the job families cover all U.S. jobs. Although the jobs in a family differ in their
locations, most are located near the point shown.

* A job family's location is based on its primary work tasks—working with DATA, IDEAS,
PEOPLE and THINGS. Arrows show that work tasks often heavily involve both PEOPLE
and THINGS (=) or DATA and IDEAS ( 1 )

¢ Six general areas of the workworld and related Holland types are indicated around the edge of
the map. Job Family Charts (available from ACT) lists over 500 occupations by general area
job family, and preparation level. They cover more than 95% of the labour force.

FIGURE 3. World of work map






























