10

The Study of Mathematically
Precocious Youth: The First Three
Decades of a Planned 50-Year Study
of Intellectual Talent*

David Lubinski
Camilla Persson Benbow

Our increasingly technological society requires many well-trained
scientists. Yet decreasing numbers of college students are choosing
engineering, mathematics, and physical science majors (National
Science Board, 1982; Office of Technology Assessment, 1988; Tur-
ner & Bowen, 1990). For example, between 1966 and 1988, the
number of college freshmen majoring in mathematics and science
decreased by 50% (Green, 1989). This trend has generated concern
among several leaders in the physical sciences, a concern that is
amplified by the marked underrepresentation of women in engineer-
ing and physical sciences, especially at advanced educational levels
and among faculty in math/science departments. Many educational
and vocational psychologists have embraced these concerns. Some
have been moved to ask: Within our student population, are there
measurable psychological attributes that are predictive of individ-
uals who will maintain a commitment to and achieve career ex-
cellence in math/science disciplines (and are these attributes
gender-differentiating)? Whatever psychologists do to address the
mounting concern over our future technological capabilities, ad-
dressing both components of the aforementioned question (i.e.,
maintaining a commitment and achieving excellence) is critical.
After all, simply enhancing the number of individuals who ulti-
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mately earn advanced degrees in engineering or the physical sci-
ences would be counterproductive if these individuals ultimately
found themselves either occupationally unfulfilled or unable to work
competently in engineering and physical science careers.

In this chapter, we will describe the planned 50-year longitudinal
study that is being conducted by the Study of Mathematically Preco-
cious Youth (SMPY), a study that is now in its third decade. To
enrich this description, we will illustrate how this data bank can be
used to address the aforementioned student problem that currently
has attracted much attention among educators within the math/
science pipeline and educational and vocational psychologists out-
side of it. Specifically, we will present data from SMPY and the
psychological literature that have relevance for identifying the early
psychological antecedents of competence and satisfaction at all
points along the math/science pipeline, from selecting a college ma-
jor to earning a doctorate in a technical discipline. Factors especially
conducive to exceptional achievements will be given particular at-
tention, as will special influences that contribute to the optimal
educational and vocational development of the nascent physical
scientist; possible influences related to gender differences in
achievement will be stressed throughout. The chapter begins, there-
fore, with a description of SMPY itself, which is followed by a brief
outline of the theoretical model guiding our research and employed
to organize the study’s empirical findings.

THE STUDY OF MATHEMATICALLY
PRECOCIOUS YOUTH (SMPY)

SMPY was founded by Julian C. Stanley in September 1971 at Johns
Hopkins University. The practical premise guiding the work of
SMPY is and has been to conduct research through service to intel-
lectually gifted adolescents with a special emphasis on the mathe-
matically talented. By providing innovative educational programs
and educational guidance, SMPY’s aim is to facilitate individual
development toward academic achievement from the early identi-
fication of exceptional intellectual talent (Stanley, 1977; Stanley &
Benbow, 1986). In the process, SMPY attempts to discover the opti-
mal mechanisms that promote both intellectual and social well-
being among the gifted. To facilitate meeting these goals, SMPY
established a 50-year longitudinal study, which currently includes
about 5,000 mathematically and/or verbally talented individuals
identified over a 20-year period. Through this study, SMPY is trying
to develop a better understanding of the processes whereby preco-
cious forms of intellectual talent, identified during childhood, devel-
op into noteworthy products of adult achievement and creativity.
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The Conception of Mathematical and Verbal Precocity
Embedded in SMPY'’s Selection Procedures

SMPY's conception of mathematical and verbal precocity is the man-
ifestation of exceptional mathematical/verbal reasoning abilities at a
very early age. Subjects are selected for our longitudinal study
around ages 12 to 13, in the seventh or eighth grade. These stu-
dents must have earned scores in the top 3% on conventional stan-
dardized tests administered in their schools (e.g., Iowa Tests of
Basic Skills). This intellectually select group of students is then
given the opportunity to take the College Board Scholastic Aptitude
Test (SAT) through a “talent search” (a concept developed by SMPY
to identify exceptionally able students, cf. Keating & Stanley, 1972).!
The SAT was designed for above-average high school juniors and
seniors to assess mathematical and verbal reasoning abilities criti-
cal for university course work (Donlon, 1984). Because talent search
participants are four to five years younger than the population of
college-going high school seniors for whom the SAT was designed,
and because few adolescents have received formal training in alge-
bra or beyond (Benbow, 1992a; Benbow & Stanley, 1982a, 1982b,
1983a), this form of assessment is known as out-of-level testing.

SAT score distributions of 12- to 13 year-olds in the top 3% for
their grade level are consistently indistinguishable from those typ-
ically observed among high school students (Benbow, 1988). These
scores are especially spectacular for the mathematics component of
the SAT, inasmuch as without formal training, many of these stu-
dents score above the cutoff for the most elite universities. More-
over, given the abstract nature of the SAT and the sheer novelty of
the problems, it suggests that this instrument functions for these
students at a far more analytical reasoning level than it does for high
school students who have been exposed explicitly to the specific
content of the SAT through high school course work (Benbow, 1983,
1992b; Benbow & Stanley, 1980, 1981, 1983b; Stanley & Benbow,
1986).

For these youngsters, such intellectually abstract problems as
those found on the SAT are ideal for revealing systematic sources of
intellectual differences among the gifted that are obscured by ceiling
effects in conventional instruments. Even among educational re-
searchers, the realization that one-third of the IQ range is found in
the top 1% is frequently underappreciated. Assuming an IQ stan-
dard deviation of 16, the cut-off score for the top 1% is somewhere

' Talent search programs have recently expanded. allowing gifted students the
opportunity to take the ACT.
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around 137, but IQs extend beyond 200. In addition, the individual
differences found in that range are psychologically meaningful and
important to differentiate. The differences in educational accom-
plishments and career achievements among individuals in the top
and bottom quartiles of the top 1% are truly remarkable (Benbow,
1992b). It is clearly useful to differentiate the able from the highly
able in upper ability ranges, as well as to structure educational
opportunities and acceleration accordingly (Lubinski, Benbow, &
Sanders, in press). (For detailed discussions of the SAT’s predictive
validity within this upper third of the IQ distribution [following 10-
year temporal gaps, age 13 to 23] see Benbow [1992b] and Lubinski
& Dawis [1992].)

Longitudinal Design of SMPY

A time-line for the longitudinal study is shown in Figure 10.1. There
are five cohorts in all: Four were assembled through talent searches,
while a fifth cohort is composed of graduate students in top U.S.
mathematics and physical science departments. (Each cohort is
separated by a few years.) Combined, the cohorts span 20 years,
with findings from each cohort serving in part as a replication for
similar analyses conducted in other time frames.

When Age at - Ability
Cohort N  Identified  Identified SAT Criteria Level
[ >
1 2188 1972-1974  12-13 | Y- 23700r 1%
| Math = 390
2 778 1976 -1979 12 | Top 1/3 of Talent 0.5%
| Search Participants
[ Math = 700
3 423 1980 - 1983 0.01%
| Verb. 2 630
c on G 1983 12 SAT-M + SAT-V2 540 5%
omparison Group 1982 500 - 590 Math
600 - 690 Verb. 0.5%
4 > 1000 1987 - 12 {Ma‘h 2 500 or 0.5%
= Verb. =430

Projected time-line for the Study of Mathematically Precocious Youth's (SMPY'S) planned
50-year longitudinal study.

Figure 10.1. The SMPY Longitudinal Study: Its Cohorts of Subjects
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Because the students in the first four cohorts were identified over
a 20-year period using the same criteria, the study allows for a
reasonable assessment of historical effects. Lack of ability to know
and measure the extent to which specific historical periods influ-
enced participants’ development is a problem associated with most
longitudinal studies. For example, we do not know how being a
young adult during the Great Depression affected the development
and achievement of participants in the Genetic Studies of Genius
(Terman, 1925-1957). Similar data collected across multiple time
points allow some degree of control of such historical influences in
the SMPY study. SMPY will be able to ask, for example, what differ-
ence it makes, in terms of ultimate achievement, to have been a
gifted adolescent in the early 1970s versus the 1990s.

Another unique aspect of the SMPY design is the ability to modify
and add new assessment materials. Cohort 4 grows by approx-
imately 400 participants each year, allowing us to ask questions not
pertinent to 1972 participants. For example, we are currently as-
sessing the relationship between family climate and giftedness,
using the Moos and Moos Family Environment Scale (Moos & Moos,
1986), which was not available in 1972. The currency of the study
s, therefore, maintained. A retrospective/longitudinal study of grad-
uate students in the nation’s top engineering, mathematics, and
physical science departments has been initiated (Cohort 5) to ascer-
tain whether such students differ in substantive ways from stu-
dents identified via the talent search.

Cohorts

The first four SMPY cohorts were formed using different ability
cutoffs on the SAT. The first three cohorts are successively more
able, while the fourth, consisting of primarily Midwestern residents
who are being identified through the Office of Precollegiate Pro-
grams for Talented and Gifted (OPPTAG) at lowa State University,
represents the same ability level as Cohort 2. A detailing of each
cohort outlined in Figure 10.1 is given below.

Cohort 1 was identified in SMPY’s March 1972, January 1973,
and January 1974 Talent Searches as seventh or eighth graders
scoring at least 390 on the SAT-M or 370 on the SAT-V. Those cutoff
scores were selected because they represented the average perfor-
mance of a random sample of high school females on the SAT.
Students were drawn primarily from the state of Maryland, with a
heavy concentration from the greater Baltimore area. Cohort 2 is
comprised of at least the top third of seventh-grade students from
SMPY's December 1976, January 1978, and January 1979 Talent
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Searches (using cutoff scores at or above the top .5% in ability
nationally). These students were drawn from the Mid-Atlantic
states. It should be noted that these first two cohorts are separated
by at least three years. About 60% of the participants are male.

Cohort 3 is comprised of three groups and is national in its
representation. It consists of approximately 300 students who
scored at least 700 on SAT-M before age 13 between November 1980
and November 1983.2 It also includes more than 150 students scor-
ing at or above 630 on SAT-V before age 13. (These scores represent
the top 1 in 10,000 for mathematical and verbal reasoning abilities,
respectively.) Finally, for comparison purposes, Cohort 3 includes
100 seventh-grade students scoring at chance on SAT (i.e., SAT-M
+ SAT-V 540) in the 1983 Talent Search conducted by the Center
for Talented Youth (CTY) at Johns Hopkins University. Because
chance performance tends to imply low ability, it is important to
keep in mind that this last group’s ability level is still in the top 3-5%
on national norms (only students in the top 3-5% in ability can enter
a Talent Search); thus, by most definitions they too would be consid-
ered modestly gifted.

Cohort 4 consists of 1,000 students, primarily Midwesterners,
scoring before age 13 at least 500 on SAT-M, 430 on SAT-V, or at
least 20 on an ACT subtest/composite. Like Cohort 2, they represent
the top .5% in ability. Students in Cohort 4 had enrolled in lowa
State’'s summer program for intellectually talented youth. At pres-
ent, several comparison groups also are being formed from the lowa
Talent Search, which screens students with abilities in the top 3%
in the nation, as well as from students in the normative ability
range.

Finally, Cohort 5 contains over 750 individuals from various engi-
neering, mathematics, and physical science disciplines who are
currently enrolled in the United States’ top graduate programs.
Approximately 50% of the sample consists of females. In 1991, we
secured permission from the Chairs of 48 of a subset of this coun-
try’s best engineering, mathematics, and physical science graduate
training programs to survey their graduate students on a number of
the key variables used in our research on Talent Search partici-
pants. This sample was surveyed in the spring of 1992, with a
response rate of 93%.

Collectively, the five cohorts of SMPY comprise approximately
5,000 highly able students. This number will soon increase to about
6,000. All of the students in the five cohorts are being surveyed at
critical junctures throughout their youth and adult lives, as can be

2Some of the examples provided may not involve actual Cohort 3 members, but
individuals identified by Julian Stanley using the same criteria.
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seen in the timeline in Figure 10.1. Each cohort, moreover, will be
surveyed at the same ages to ensure comparability of findings across
cohorts.

Status of Longitudinal Study

To date, we have surveyed Cohort 1 at age 13, 18, 23, and 33 (in
progress). Cohort 2 also has been surveyed at ages 13, 18, and 23,
with the last survey just being completed. Cohort 3 has been sur-
veyed at ages 13, 18, and 23 (in progress). Cohort 4 has been
surveyed at age 13 and 18 (in progress). Cohort 5 has been surveyed
at age 23 only, but that survey included much retrospective informa-
tion. Response rates to our several follow-up surveys range from
75% to well over 90%. Respondents do not differ from nonrespon-
dents on key variables including ability, family background, and
college attendance (Benbow & Arjmand, 1990; Benbow & Stanley,
1982a). We now turn to a presentation of the theoretical model that
guides our work.

THEORETICAL MODEL

What information is most profitable to collect from the SMPY partici-
pants and how is this information best organized? Data we collect
correspond to the central components of the Theory of Work Adjust-
ment (TWA). TWA was initially developed to conceptualize the criti-
cal determinants of adjustment to work (Dawis & Lofquist, 1984;
Lofquist & Dawis, 1969, 1991). The predictive utility of TWA is
revealed in its capacity to forecast the length of time an individual is
likely to stay in a given occupation or career track. This model is
appropriate for SMPY because it addresses the determinants of voca-
tional pathways, such as being more attracted to academic versus
vocational/technical coursework in high school or choosing a college
major. It also is useful for better understanding the amount of
coursework students are likely to desire in various disciplines as a
function of their abilities and preferences. A schematic representa-
tion of TWA is found in Figure 10.2.

According to TWA, two critical dimensions of correspondence
operate in concert to structure educational and career development,
satisfaction and satisfactoriness. Satisfaction is a subjective param-
eter estimated by the student or employee; it has to do with how the
person feels in a particular learning or occupational environment
(determined by the extent to which an individual's needs correspond
to the educational/occupational reinforcers or reward structures);
satisfactoriness is an objective parameter estimated by data collected
by educators and employers (determined by the extent to which an
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