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Introduction

Overthe past 30 years, manyof the unenlightenedbarri-
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, esyecially in areas like law where many kinds
of 4-year ciegrees are acceptable for admissions. Excep-
tional performances by womenonbar exams,law school
grades anti honors followed, just as the protagonists
who worked so hard to remove the aforementioned
barriers had predictedall along. Gender-comparabilities
in medical schools, both in representation andin perfor-
mance, followed shortly thereafter. This trend served
to reinforce further the well-grounded arguments for
removing vender-discriminating educational barriers to
begin with. That is, argumentsinitially 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 student population. As a consequence of the
greater number of women with exceptional academic
credential: entering law and medicine, both disciplines
have insur2d that their future leaders and practitioners
will have greater competencies and sophistication.
With such progress in mind, the attention naturally

has shifte:i to the physical sciences (our area of con-
centration:, where pronounced gender disparities still
remain (Lick & Rallis, 1991; Eccles & Harold, 1992;
Maple & Stage, 1991). Could similar benefits accrue for
these discilines if more women entered and maintained
a commitment 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.
Thatis, in working with intellectually talented students,
individually and in groups, we attempt to find and
provide environments wherein their talents can best
blossom and cometo 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-
mentsin 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, inasmuchasit contains large
proportionsof individuals, of both genders, who possess
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TABLE1

The SMPYLongitudinal Study.
Its Cohorts of Subjects
 

 

When Age when Ability
Cohort N identified identified SATcriteria 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 variousscientific disciplines; they were surveyed at age 23-25 in 1992.

maintained. Finally, as a validity check on ourselection
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 departments in
the U.S. As noted earlier, this is our Cohort 5. Do such
students differ in substantive ways from the students in
the SMP’'Ylongitudinal 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 surveyedatcritical junctures throughouttheir
youth and adult lives. Moreover, each cohort will be
surveyed at the same age to ensure developmental
comparallity of our cross-cohortfindings. This serves as
a rough 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 already existing theoretical perspectives (e.g.,
Dawis & Lofquist, 1984; Tannenbaum, 1983, 1986;
Zuckerm.in, 1977). We also incorporate someof whatis
already k nown about the developmentoftalent and per-
sonal pre “erences for contrasting educational/vocational
paths. Pr marily, our work is based upon a well-known
model of vocational adjustment, the Theory of Work
Adjustme 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.

Oneespecially attractive feature of this modelis that it
is readily extendedto critical antecedents of vocational
adjustment, such as choosing a college major.
According to TWA,to assess optimal learning and

work environmentsit is useful to parse an individual’s
work personality and the environmentinto 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
requirementsand (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 (howthe individualis 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 modelis that assessing the environment

695



D. Lubinskietal.

 

[correspondencef— t

    
     
 

 
 

Abilities ~ —~ Ability
Requirements

Values |——= Reinforcer

Pattern
 

     
 

 
Correspondence

 

PromoteSatisfactoriness
 

    

  

Transfer

 
  Ability
Requirements 

 

   
  

 

  
   

Reinforcer

Pattern   

 
Satisfaction  

FIGURE1. Thetheory of work adjustment — a depiction

for its requirements and reward capabilities is just as
importantas 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
for 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 consensusthatintellec-
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; Snowet 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 foundit
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 comprehensivepic-
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
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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 but who differ in nonintellectual attributes
ultimately related to career choice.

Environment Structure: Assessing Critical Features
ofEnvironmental Ecologiesfor Learning and Work

Up to ths point we have talked about the person-
ality structure of the individual (abilities and prefer-
ences). School and work environments also can be
analyzed ising analogous dimensions. Educational/vo-
cational environments may be construed as molecular
ecologies defined by: (1) their capability to reinforce cer-
tain prefeences and (2) the response requirements (or
the abiliti:s) that they demandof individuals. In physical
science environments the response requirements par- —
ticularly iivolve high mathematical and spatial/mechani-
cal reasoning 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 periodsof 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 advancedscientific training based
on their theoretical values, their investigative interests,
or their spatial and mechanical reasoning abilities (but
they are on mathematical reasoningability), 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 congruenceis 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 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.  
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(need-reinforcer correspondence) and satisfactoriness
(ability-ability requirement correspondence) are essen-
tial for optimal intellectual development; achieving both
is the central goal of SMPY’s programmatic work with
gifted youth.

OPTIMA!1. EDUCATIONAL CORRESPONDENCE FOR

THE EXTREMELY GIFTED

A proper response to this topic requires, first of all,
a full appreciation of the range of interventions that
need to be considered when creating optimal learning
environments for the exceptionally gifted. That is, if
giftedness is arbitrarily defined as being in the top
1%, individual differences in IQs among the gifted
range from approximately 135 to over 200 (roughly
one-third of the entire IO range). Paralleling this vast
ability rarige is an equally wide spectrum ofideal learning
environments. Because learning environments can range
from discorrespondent to optimally correspondent, a
key component of our research is designed to uncover
unique ways to enhance the learning experiences and
intellectual development of the exceptionally able—to
make it us optimally correspondent as possible. We
suggest that the work of Harriet Zuckerman (1977)
provides lues for how to enhance educational corre-
spondence: among the exceptionally able. For this part
of our thinking, we blend Zuckerman’s theory on the
accumulation of advantage with Tannenbaum’s (1983,
1986) work on the critical elements for world-class
achievement.
Zuckerman (1977) studied the career paths of Nobel

Laureates and occupants of the “forty-first chair” (sci-
entists generally acknowledged to have doneresearch of
Nobel prize quality, but not awardedthe prize). These
individuals almost universally show promise extremely
early in their careers and this evidenced precocity
appears not only to respond to but also to create
greater Opportunities for intellectual development. For
example, most Laureates receive an advantagein gradu-
ate work by attending the most distinguished universities
(10 universities produced 55% of the laureates) and
by studying with the best minds of the day—other
Nobel Laureates or occupants of the 41st chair—thereby
begetting a pattern of eminence’s creating eminence.
Zuckermin claims that the development ofscientific
taste, standards andself-confidence are the most benefi-
cial resul:s of the Laureate’s apprenticeships (cf. Julian
C. Stanlev, 1992). |

Moreover, future Noble Laureates obtain degrees
and start publishing earlier and more copiously than
other scientists. Soon, by the quality of their scientific
contributions, they become distinguished from their
age-equivalent peers. This opens up further oppor-
tunities for their development. Zuckerman suggested
that the descriptions of Nobel Laureates’ careers fits
well with the modelof “the accumulation of advantage:
the spiraling of augmented achievements and rewards
for individuals and a system ofstratification that is

sharply graded” (p. 249). Moreover, almostall future
Nobel Laureates were “active” in creating this beneficial
environment(cf. Scarr & McCartney, 1983).

Thus, among the gifted, it would seem that those

who have the personal potentialities for manifesting
exceptional achievementrequire special encounters with
the appropriate environmentto facilitate the emergence
of world-class accomplishments. Consistent with this
view, Bloom (1985) noted from interviews of talented
performersin a variety of disciplines that special experi-
ences, sometimes interventions, are important for the
developmentof talent. Moreover, Tannenbaum (1983,

1986) postulated that great performance or productivity
results from a rare blend of superior general intellect,
distinctive special aptitudes, the right combination of
nonintellectual traits, a challenging environmentand the
smile of good fortune at crucial periodsoflife. (The first
three components seem to parallel the abilities and pref-
erences discussed in the Theory of Work Adjustment
and the latter two the work of Zuckerman.) According
to Tannenbaum, success depends upon a combination
of facilitators, whereas failure may result from even a
single deficit. By virtue of its “veto” power, then, every
one of the five qualifiers is a necessary requisite of high
achievement and noneof them hassufficient strength to
overcome inadequacies in the others.
The abovediscussion presents the scaffolding for our

work on the dispositional determinants of contrasting
educational/careerpaths of the gifted and, thus, leads to
the conclusion that individuals whoare ideally suited for
careers in the physical sciencesare gifted individuals with
highly developed mathematical and spatial/mechanical
reasoning abilities and intense investigative/theoretical
preferences. It is these individuals who will choose
careers in the physical sciences and engineering and
remain committed to them. Gifted individuals with
other ability and preference profiles will choose careers
in other areas. Given this line of reasoning, a natural
consequence of educational and career counseling based
on abilities and preferences will be disparate male/fe-
male ratios in academic and vocational choices, not only
in the math/science disciplines but other disciplines as
well. Moreover, these differences should intensify at
the higher educationallevels. Evidence supporting these
conclusionsis presented next.

Gender Differences in Abilities/Preferences: Their
Implications According to TWA

Abilities

Recent reports seem to indicate that certain gender
differences in cognitive abilities are steadily diminishing
in normative samples (Feingold, 1988; Hyde, Fennema,
& Lamon, 1990; Rosenthal & Rubin, 1982). Thatis,
males and females appear to be converging toward a
common meanon a variety ofintellectual abilities. These
trends, however, have not been noted among the most
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able (Benbow & Lubinski, 1992, in press; Benbow &
Stanley, 1980, 1983; Lubinski & Benbow, 1992; Stanley
et al., 1992). Amongthegifted, there are sizable gender
differences at age 13, favoring males, in mathematical
reasoning and in spatial and mechanical reasoning
abilities—the very abilities required of the physical
sciences. Moreover, at the end of high school and

college, these differences remain and accompany gender
differences favoring males in math/science achievement
test scores (as well as other test scores), whereas females
tend to doslightly better than males on a number of
verbally oriented achievement tests (Stanley et al.,
1992). Before profiling these differences in somedetail,
we will address first the question: how can normative
male/female means be converging while gender differ-
ences amongthe gifted remain pronounced? There are
at least two possible explanations and probably both
operate to a degree: test construction practices and
genderdifferencesin ability dispersion.

First, Stanley et al. (1992) have remarked thatit is
difficult to assess changes in group performance on
cognitive tests over the last few decades, inasmuch as a
numberoftest publishers may have routinely culled from
their instruments items that characteristically generate
the most conspicuous gender differences—a procedure
that some refer to as correcting for “gender bias” or
“equity in testing.” Thus, it is possible that the apparent
convergence of male/female group meansis duetotest
construction practices as much as, or perhaps even
more than, a genuine changein the cognitive attributes
purporting to be assessed by these measures.

Second,if meta-analytic reviews are indeed detecting
a degree of genuine gender-convergence, consumersof

meta-analytic reviews must keep in mind that thismeth-
odology provides information only on groupdifferences
in overall level of the attribute under analysis. Meta-
analytic reviews do not provide information on group
differences in other statistics such as those indexing
ability dispersion. There are other parameters on which
the genders can differ and a critically important oneis
variability (cf. Benbow, 1988).
Many lines of evidence have converged to suggest

that males are more variable than females on a variety
of intellectual variables and, interestingly, this appears
to hold even for variables on which females have
superior means. This phenomenon has been observed
over several decades in normative samples(cf. Feingold,
1992; Lubinski & Benbow, 1992; Lubinski & Dawis,
1992; Lubinski & Humphreys, 1990a, 1990b). Table 2,
for example, consists of data from Project TALENT
(Flanaganet al., 1962). Project TALENTcontains data
from stratified random sample of U. S. high schools,
collected back in 1960; this data bank contains four
grades of students, 9 through 12, with approximately
100,000 students in each grade. A number ofability
and preference measures were administered to these
students over the course of several days of testing.
Four composite measures (viz., English language, spa-
tial visualization, mathematical reasoning, & general
intelligence) are assembled in Table 2; each mean
and standard deviation represents approximately 50,000
subjects. It is clear that even for the English language
composite, on which females are clearly superior as a
group, the males across all four grades were more
variable on this measure as wellas all the others.
A more contemporary exampleis provided by Stanley

TABLE 2

Meansand Standard Deviations for Four Ability Composites.
From Project TALENT for Grades 9-12 by Gender
 

 

English language Mathematics Spatial Intelligence
M. S. M, S.. M, S. M, S,

Grade 9
Females 87.65 17.29 15.35 6.43 60.15 20.07 145.36 52.58
Males 79.51 18.11 16.01 6.98 69.18 22.54 142.48 54.22

Grade 10
Females 92.29 17.43 16.65 7.08 63.42 20.80 157.35 52.69
Males 84.37 18.12 18.05 7.65 74.45 22.77 156.40 54.27

Grade 11

Females 96.63 16.91 17.77 8.02 66.22 20.94 169.97 52.13
Males 89.28 17.89 20.69 8.90 79.01 22.96 173.56 53.95

Grade 12
Females 100.27 16.55 18.60 8.15 68.49 21.31 180.08 51.56
Males 92.73 17.56 22.46 9.32 82.35 23.31 184.98 53.82
 

Sample sizes for each cohort by gender follow: grade 9, females = 49,393, males = 49,968;
grade 10, females = 47,119, males = 48,543; grade 11, females = 45,428, males = 43,851; grade
12, females = 40,116, males = 38,392. Detailed descriptions of these ability composites may be

found in Lubinski and Humphreys (1990a).
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et al. (1992). These investigators again report that males
tend to be more variable on measures of cognitive
functioning, including tests for which females have
higher means. For example, Stanley et al. (1992) noted
that the largest gender difference favoring females on
the Differential Aptitude Test (DAT) is observed in
DAT-Speling. Grade 12 females score approximately
.5 standard deviations above the males on this measure.
Alternatively, one may state that only 30% of males
score above the female mean; yet, because of greater

" male variability, there is a comparable male/female pro-
portion among students within the top 1% in “spelling
talent.” This finding and the general phenomenon of
gender differences in ability dispersion has important
implications for understanding male/female differences
at exceptional levels of achievement (cf. Lubinski &
Dawis, 192). When assessing gender differences in
achievement amongthegifted, it is the uppertail of the
ability dis‘ribution that we are evaluating; and this upper
tail contains an inordinate number of males. Moreover,
genderdifferences in dispersion and level often operate
in concert to produce especially disparate male/female
ratios at the extremes, as we will illustrate next by
returning to SMPY’s work with the mathematically
talented.

In nationwide talent searches in the U.S., discussed
previousl”, gifted students taking the College Board
Scholastic Aptitude Test (SAT) have consistently gener-
ated the fisllowing pattern of scores. Gender differences
in SAT-V are typically small. Yet on SAT-M the
differenc: between means approximates .4 standard
deviations, favoring males, and males are morevariable
than females. Together, these genderdifferencesin level
and dispersion produce the following male/female ratios
for these | 2- to 13-year-olds: SAT-M — 500 (average score
of college-bound 12th-grade males), 2:1, SAT-M — 600
(83rd percentile of college-bound 12th-grade males),
4:1, and SAT-M — 700 (95th percentile of college-bound
12th-gracle males), 13:1 (Benbow & Stanley, 1983).
Compara)le ratios have been replicated across the U.S.
in a number of talent searches across several years, as
well as in other cultures.” Score ranges at SAT-M -
500 are important for a 12-year-old to consider. They
reflect important individual differences in quantitative
sophistication (Benbow, 1992) and mark the level at
which successful graduate workin the physical sciences
at the very best universities begins to become probable.
The above gender difference in mathematical reason-

ing ability does not operate in isolation, however, to
solely produce the profound genderdisparities in edu-
cational attainment and pursuits along the math/science
pipeline. Gender differences in other abilities required
by the physical sciences, especially spatial and mechani-
cal reasoning, amplify the disparities. These abilities are

 

*Within Asian samples, male/female proportions at the
extremes »f mathematical talent are narrower than those

reported for Caucasians (Stanley et al., 1989). For example,

frequently overlooked by investigators trying to come
to grips with the under-representation of women in
engineering and the physical sciences. Table 3 contains
data that bear on this issue. They were collected on
Cohort 4 by SMPY at Iowa State University over
the last 4 years. In addition to the SAT, students
in Cohort 4 are administered a variety of nonverbal
tests including Raven’s Advanced Progressive Matrices,
three-dimensional spatial visualization and mechanical
reasoning. (A numberof personal preference question-
naires are administered as well, see below.) Gifted stu-
dents at or abovethe cutting score for the top 1%in over-
all mathematical reasoning ability display trivial gender
differences in not only SAT-V but also in Advanced
Raven scores. Yet significant gender differences are
revealed for spatial ability and mechanical reasoning.
This also parallels the findings of Stanley et al. (1992).
These investigators analyzed gender differences on the
Differential Aptitude Test (DAT)in effect-size units,
taken from a national sample of over 61,000 students.
The most pronounced genderdifference in this battery
wasobserved in Grade 12 on the Mechanical Reasoning
measure, the male-female effect-size difference was

almost a full standard deviation (.89) favoring males.
These gender differences in spatial and mechani-

cal reasoning abilities, combined with the well-known
gender differences in mathematical reasoning ability
(Benbow,1988), help explain why disparate male/female
proportions are observed all along the math/science
pipeline. The satisfactoriness criterion for engineering
and manyof the physical sciences is not as frequently
met by gifted females as males. This is only part of
the picture, however. There are gender differences
in nonability personal attributes (vocational interests
and values), in addition to life style preferences, that
exacerbatedisparities stemming from genderdifferences
in satisfactoriness for the physical sciences. We turn to
them next.

PREFERENCES

As noted earlier, physical scientists are characterized
primarily by their high theoretical/investigative pref-
erences (MacKinnon, 1962), coupled with a relatively
low need for people contact. Both mathematically
gifted males and females have, relative to their own
sex norms, strong theoretical values and investigative
interests. Yet, there are prominent gender differences
in critical preferences for maintaining a commitment
to careers in the math/science pipeline that mirror the
aforementioned spatial/mechanical abilities among the
gifted at age 13. Mathematically talented males are more
theoretically oriented on the SOV (see Table 3). Fur-
ther, their primary interests lie in the investigative and

at SAT-M > 700, the male/female Asian ratio is closer to 4:1,

whether students assessed live in the United States or not.
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TABLE3

Ability Profiles of Mathematically Gifted Students Attending a Summer Academic Program AcrossFive
Separate Years by Gender
 

Year Gender

 

Age-Adjusted Advanced Mental Bennett
SAT-M SAT-V Raven’s Rotation Mechanical
_ _ _ Test Reasoning

N XxX SD X SD N XxX SD N X SD N XX sp

» M 72 494 93 398 91 72 £246 41 #72 #42313 47.7 72 #498 #74
1999 F 45 458 66 396 82 45 243 44 45 23.7 88 45 £453 52

» M 84 486 91 395 88 85 244 42 83 316 7.5 83 49.9 7.0
F 49 465 76 404 90 47 246 45 48 #241 89 49 456 52

» M 68 532 101 426 78 68 #4«2925:1 39 68 #=299 84
1991 F 51 480 87 418 87 51 258 43 51 £25.11 10.2

+ M 107 579 101 413 81 92 25.2 42 95 300 81
F 67 472 85 418 80 58 25.9 42 63 24.1 10.0

»« M 69 537 100 415 79 69 #4245 65 69 202 94
F 48 487 74 422 76 48 253 44 48 22.5 97

1990 + M 87 S45 96 415 79 82 246 68 80 298 8.8
F 61 487 71 419 80 57 425.1 41 #56 £4216 9.4

»« M 20 585 86 441 98 20 273 44 20 249 #99 20 +402 94
F 11 505 980 449 96 11 247 51 #11 #178 #421 «11 #42935.6 80

1989 »; M 43 593 95 446 78 21 270 44 40 238 9.7 42 42.2 10.0
F 34 514-82) 455) 79s 247 584272 32s 35D——«O2'*G

» M 57 562 81 435 59 57 £42266 3.8
1988 F 32 491 65 424 80 32 £42251 «5,3

» M 72 S71 85 440 62 66 26.8 3.7 8 39.3 6.5
F 39 500 64 425 76 36 #4225.3 5.3 9 29.0 7.2
 

* Students whotookall of thetests.
+ All students whotook anyonetest.

(secondarily) the realistic sectors of Holland’s Hexagon
(Benbow & Lubinski, 1992; Fox, Pasternak, & Peiser,
1976). In contrast, mathematically talented females are
moresocially and esthetically oriented and haveinterests
that are more evenly divided amonginvestigative, social
and artistic pursuits (Table 3; Benbow & Lubinski,
1992; Fox, Pasternak, & Peiser, 1976). Females are
more balanced andless narrowly focused in terms their
interests and values. (One couldalso say this about their
abilities, cf. Lubinski & Benbow, 1992.) Consequently,
the TWAsatisfaction criterion is less often achieved
for females than males when considering the physical
sciences.

Thus, at age 13 more males than females possess
ability and preference profiles that are congruent with
choices to pursue highly focused careers necessary for
distinction in the physical sciences. Due to their more
evenly distributed preferences and abilities, the career
choices of mathematically gifted females and the amount
of time they devote to scientific careers will be less
distinguished than their male counterparts. Males will
be more exclusively committed to the sciences, while
females will have competing interests and will tend to
develop their talents in relatively equal proportions
across artistic, social, and investigative educational/vo-
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cational domains. That is exactly what is found in
our educational programs designed for adolescents in
the top 1%in ability. Females enroll in courses in
math/science and English/foreign languagein essentially
equal proportions, whereas males were approximately
six times morelikely to enroll in math/science areas than
in English/foreign languages. TWA would predict that
the samepattern will reveal itself when career choices,
made at a later age, are examined. Indeed, this is the
case. Table 4 provides data on the secured educational
credentials that mathematically gifted students in Cohort
1 achieved (or are intending to achieve) 10 years
following their identification at age 13. Less than 1%
of the females in the top 1% of mathematical ability
are pursuing doctorates in mathematics, engineering,
or physical sciences (Lubinski & Benbow, 1992). Eight
times as many males are doing so. Benbow and Lubinski
(1992) presented similar data just collected for SMPY’s
Cohorts 2 and 3.
An alternative way to capture the essence of these

gender differences in preferences takes us back to
Thorndike (1911) and one of the most celebrated
dimensions of individual differences, “people versus
things.” In normative samples, females tend to gravitate
toward the former, while males gravitate towards the
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TABLE4

Preference Profiles of Mathematically Gifted Students Attending a Summer Academic Program Across
Five Separate Years by Gender
 

Year Gender
Theoretical Social

N x SD X SD

Economic

Study of Values
Aesthetic _Political Religious

SD X SD X SD X SD
 

. M 7 46.7 7.1 35.7 68
F 45 41.5 82 44.0 7.4

1992 , M 73 467 7.1 35.7 68
F 45 41.5 82 44.0 7.4

. M 68 47.7 7.0 371 7.3
F 51 420 68 43.2 81

1991 , M 77 476 69 37.1 7.0
F 57 41.7 7.0 438 8.3

. M 69 4.6 88 38.4 7.8
1990 F 48 403 8.0 44.0 8.0
99 , M B 46.6 8.7 383 7.6

F 51 40.7 80 43.6 81

. M 2 493 7.4 35.4 5.9
F i 39.0 91 423 9.1

1989 , M 43 50.0 6.8 348 7.5
F 34 418 74 41.2 83

. M 57. 48.0 85 34.4 7.8
F 32 423 7.5 40.7 8.0

1988 M 61 483 85 345 7.6
F 33 425 7.4 40.9 8.0

41.6
37.8

7.1 36.7 7.1 440 67 33.2 10.9
6.7 43.6 67 37.4 5.9 34.2 10.0
7.1 366 7.1 440 67 33.5 11.0
6.7 43.6 6.7 37.4 5.9 34.2 10.0

7.2 364 82 42.9 66 34.2 10.4
69 42.6 7.1 39.0 7.2 35.4 10.2
69 365 83 43.1 68 33.8 10.1
7.0 42.88 7.5 38.7 7.0 35.6 10.3

8.2 38.4 84 425 69 33.4 11.14
7.1 42.1 64 40.1 67 375 8.1
8.1 37.8 8.7 42.7 68 33.9 11.3
7.2 42.8 7.1 40.1 66 37.1 8.4

94 373 80 45.0 7.8 30.8 11.1
96 406 5.2 404 9.3 366 12.5

42.2 8.2 37.0 7.7 441 82 30.9 10.7
77 43.9 82 39.2 7.2 343 10.9

449 7.6 35.3 8.1 45.2 82 32.4 12.8
7.5 43.6 84 40.1 6.2 349 10.3
7.4 35.0 80 448 8.3 32.9 12.7

380 7.5 43.4 84 40.0 62 35.2 10.2
 

* Students who tookall of the tests.
+ All students who took anyonetest.

latter (cf., Lubinski & Humphreys, 1990a) and this
paramete: of individual differences operates among the
gifted as well (Lubinski & Benbow, 1992). Given the
female preference within the sciences for biology and
medicine, however, compared to the physical sciences,
as is evident in Table 4, perhaps it would be more precise
to state tht gender differences in vocational preferences
are structured around “organic” versus “inorganic”
content domains (Benbow & Lubinski, in press). It
is not sc.ence, per se, that turns off many females,
rather, it seems to be the inorganic nature of many of
its conten: domains. Weare currently investigating key
value con;igurations (high theoretical values, relatively
low socia!, values), which we believe more precisely map
the individual differences that contribute to these career
decisions. Our preliminary findings indicate that the
higher-order trend, theoretical minus social as assessed
at age 13, has predictive validity for structuring choice of
college major and areas of graduate concentration.

Life-sty'e choices: Before leaving the domainof pref-
erences, there is one critical gender difference in life-
style preference that is essential to document (and one
that is typically not assessed on standardizedinterest or
values questionnaires). This gender difference is likely
to exert i huge effect on gender differences even in

disciplines in which male/female ratios in achieved
educational credentials are comparable: commitment
to full-time work as young adults. In ourfirst three
cohorts, for example, about 95% of mathematically
talented males versus less than 60% of such females
plan to work full-time until retirement, a percentage
that has been stable over the past 20 years (Benbow
& Lubinski, 1992, in press). This latter statistic would
indicate that females, as a group,will tend to devoteless
time to their vocational developmentrelative to males.
Further, in most research in this area as in our previous
research, questions to respondents are typically framed
in termsoffull-time versus variouspart-time options, not
in terms of how muchtheyare willing to work. Thus, we
are currently assessing how the gifted feel about 50- to
70-hour work weeks, schedules morein line with people
at the cutting edge of their discipline. This might reveal
further genderdisparities.

In sum, therefore, mathematically gifted females, in
addition to having a more multifaceted interest profile
and a more complex mixture of value orientations for
evaluating their experiences and structuring their life-
style, prefer to devote less time to vocational pursuits.
They have more to balance, more competing needsat
comparable intensities. Mathematically gifted males,
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however, are more focused on a theoretical/investigative
Style of life with fewer competing pulls and prefer to
devote a greater amountof time to vocationalpursuits.

Contemporary Research Trends: Viewed From the
Context of TWA

Wehaveillustrated above how the personal attributes
of females compared to maleswill lead them to choose
scientific careers less frequently, as a group, and to
distribute their educational developmentacrossartistic,
social and investigative areas more evenly. Of course,
conventionally purported barriers (Eccles, 1985; Eccles
& Harold, 1992; Kerr, 1985; Noble, 1989; Reis &
Callahan, 1989; Silverman, 1986) might still remain.
We suggest, however, that these and other purported
barriers be evaluated from a broadercontext using TWA
and its key components,satisfaction andsatisfactoriness,
to establish expectations on the degree to which com-
parable gender representation might be anticipated.
According to TWA,because of their differing ability
and preference profiles, highly able males and females
achieve, as a group, Satisfaction and satisfactoriness
through different means. Consequently, they respond
to the environment differently, as does the environment
to them. Gender differences as a reflection of choice
needto be factored into existing models and perceptions.
Moreover, satisfactoriness and satisfaction baselines
might be useful for appraising theoretical explanations
of gender differences in achievement moregenerally.
For example, Eccles et al. (1983) introduced the

expectancy-value model of motivation, which they pro-
posed as a framework for understanding the relation-
ship between values/personality attributes and academic
achievement, as well as genderdifferences therein. This
popular model describes two primary factors affecting
achievement behavior: (1) expectations for success and
failure and (2) subjective task value. Moreover, it
conceptualizes gender differences in achievement, just
as we do, from a choice perspective rather than a
deficit perspective. It also views choices as being made
from a variety of options presented within a complex
social reality, wherein gender roles and stereotypes
operate (see Eccles & Harold, 1992, for a discussion
of this model as it pertains to the gifted). Yet to
what extent do expectations and subjective task value
reflect realistic personal estimates of the degree to which
TWA’s correspondence dimensions, satisfactoriness and
satisfaction, respectively, are achievable in contrasting
educational and work environments? Is self-confidence
and self-efficacy, for example, merely a reflection of the
extent to which oneis in a correspondent environmental
ecology in the TWAsense?*

Inadequate math/science preparation is anotherfactor
often mentioned as curtailing women’s career options.

 

*Moreover, amongthe gifted, their self-concepts, especially
academic ones, are so high in both males and females that
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Sells (1980), for example, perceived mathematicsin high
schoolas a “critical filter,” screening out females from
engineering and science majors. Indeed, the numberof
mathematics and science courses taken in high school
is found to relate to choice of college major as well
as career (Berryman, 1985; Ethington & Wolfe, 1986);
gifted females, even mathematically gifted ones, do
take somewhat less mathematics (and science) in high
school compared to such males (Benbow & Minor, 1986;
Benbow & Stanley, 1982). Consequently, it has been
Suggested that more females would enter and remain
in the math/science pipeline if they were required to
take more mathematics and science courses in high
school. But to what extent is course-taking among
mathematically gifted females a reflection oftheir pref-
erences and/or abilities? Preference and ability profiles
are in place long before high school. Can they be
changedasa function of course-taking? Would requiring
mathematically gifted females with intense preferences
for social and artistic content to take more mathemat-
ics, chemistry, physics, and computer science in high
school increase their representation in the math/science
pipeline? Would requiring mathematically and spatially
gifted boys with intense preferences for building and
manipulating physical materials and inorganic things to
take more high school courses in English increase their
representation in the humanities?
Some of the other factors thought to attenuate the

professional development of womeninclude those that
women “do to themselves.” These are, among others,
the Queen Bee Syndrome(Staines, Tavis, & Jayaratne,
1974), the Great Impostor Syndrome (Clance, 1985;
Machlowitz, 1982; Warschaw, 1985), the Cinderella
Complex (Kerr, 1985) and the Perfection Complex
(Reis, 1987). The Queen Bee and Perfection Complex
are similar in that females feel that they have to
be perfect in every way and in how they handle
the multiple roles of professional, mother, and wife.
The Great Impostor Phenomenon captures how many
successful womenfeel they achieved their success—not
through their hard work and ability but rather through
luck; and they are waiting to be found out. To avoid
being “found out”they get caughtin a circle of working
even harder, achieving greater success and developing
greater fear of being detected as the impostorthey truly
believe they are (Kerr, 1985, 1991). To what extent
is this depiction characteristic of a gifted female with
several competing interests at comparable intensities
coupled with the greater conscientiousness of females
in general (Schmidt & Hunter, 1992)? These questions
and others like them will be pursued in our future
research. In all of our research, however, detailed
assessments of well-known personal attributescritical
for satisfaction andsatisfactoriness in specialized careers
and advanced educationaltracks are conducted,not only

measures derived on normative samples are psychometrically

inadequate dueto ceiling effects (Swiatek, 1992).
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responsiveto their individual differences and uniqueness |
as possible. If one is to be all that one can be, to borrow
Maslow’s phrase, one must be responsive to one’s
true nature—a theme that cuts across many fulfillment
theories and formulations aimed at construing optimal
forms of human functioning, including those of Gordon
Allport, Carl Rogers, and Carl Jung. It might be
advisable for counselors and educators to keep the
wisdom offered by these theorists in mind when working
with clients and students searching for optimal direction
for their educational and vocational development, and,
perhaps also, to remind clients of Jane Loevinger’s
(1976) observation (contained in her treatment of ego
development) that “personality develops by acquiring
successive freedoms.” Yet all of this actually can be
encompassed by TWA,an empirically based model of
personal fulfillment within the world of work (Dawis &
Lofquist, 1984; Lofquist & Dawis, 1969, 1991).
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