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Understanding educational, occupational, and
creative outcomes requires assessing
intraindividual differences in abilities and interests

David Lubinski®"

Stoet and Geary (1) report important cross-cultural
findings on how the advantage of females in reading
proficiencies relative to males combined with more eg-
uitable educational opportunities have contributed to
the recent overrepresentation of women in tertiary ed-
ucation. Developed nations vary in the extent to which
males are underrepresented as a function of these two
determinants, yet that they jointly contribute to a clear
cross-cultural trend is undeniable. Hence, it is critical to
assess personal proficiencies and the environmental
contexts within which they operate to understand indi-
vidual and gender differences in educational outcomes.

Further refinements in how far students progress in
educational systems, why group disparities exist, and
which specific disciplines students pursue are provided
by examining other aspects of their individuality more
holistically and simultaneously. This commentary places
the assessment of human individuality into a broader
(multidimensional) context. Major reviews of psycholog-
ical research show that individual differences in both
level and pattern of cognitive abilities and educational/
occupational interests are critical for understanding
educational, occupational, and creative outcomes across
the lifespan (2—4). Incorporating cognitive abilities and
interests into longitudinal research demonstrates how
these two categories of psychological attributes give rise
to different real-world accomplishments. That informa-
tion allows us to understand each student’s individuality,
their leaming needs, and develop policies for best prac-
tices. This commentary is to give readers a better under-
standing of why both inter- and intraindividual differences
in abilities and interests must be considered when con-
ceptualizing individual and group differences in real-life
learning and work outcomes.

Cognitive Abilities

To enrich the perspective of Stoet and Geary's findings
(1), two additional cognitive abilities, mathematical/
quantitative and spatial/mechanical, are examined in

the context of reading/verbal ability. These three con-
stitute the central pillars of the hierarchical organization
of cognitive abilities (5). The central dimension of this
hierarchy constitutes general intelligence (that is, what
all three abilities share). However, each specific ability also
has a unique and psychologically operative component
that drives differential development. Results from an ex-
tensive longitudinal study on tertiary degrees and occu-
pational outcomes demonstrate the role each ability plays
in determining why students approach some leaming
settings while avoiding or departing from others. They
also reveal leaming and work environments that capitalize
on individual strengths and minimize relative weaknesses.

Fig. 1 presents longitudinal data from the ~400,000
high school students in Project TALENT (6)—a stratified
random sample of US high school students assessed in
1960 and followed up 11y later. This pattern has been
subsequently replicated over several decades (7-10). In
z-score units, mathematical/quantitative ability is shown
on the x axis and reading/verbal ability on the y axis;
dots at the base of each arrow represent the bivariate
math/verbal mean for each group. The length of each
arrow represents the spatial/mechanical ability mean for
each group; blue arrows to the right indicate positive z
scores for spatial/mechanical ability and red arrows to the
left, negative z-scores. When the blue arrows are rotated
up from the page at a 90° angle from the x and y axes
and the red arrows are rotated 90° downward from x and
y, the arrowheads represent the trivariate z-score mean
for each group in three-dimensional space. Thus, the
arrowheads expressly reveal how far removed these
educational/occupational groups are from each other
psychologically as a joint function of their respective
mathematical/spatial/verbal abilities.

Fig. 1 illustrates the importance of relative strengths
in ability pattern. Individuals with conferred degrees in
the humanities excel in reading/verbal ability, whereas
those in STEM (science, technology, engineering, and
mathematics) disciplines excel in spatial/mechanical
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Fig. 1. Trivariate (mathematical/verbal/spatial ability) z-score means for individuals with (A) terminal bachelor’s degrees, (B) terminal master’s

degrees, (C) doctorates, and (D) occupations 11 y following high school graduation. Ns are in parentheses. Mathematical ability is on the x axis,
verbal ability is on the y axis, and spatial ability is scaled on a third dimension represented by arrows. For a benchmark, because all of the plotted
means in the four panels are based on individuals with at least a 4-y degree (and z-scores were standardized within each panel), the general ability
level of all of the above groups is >0.5 SDs above the normative population mean. Dashed rectangles indicate STEM disciplines. Reproduced with

permission from ref. 6.

ability. Regardless of how similar students are on any two abilities,
their educational/occupational development will vary markedly to
the extent that they differ on the third. Since the ability pattems among
the ninth graders were just as informative as were those of high school
seniors in predicting these outcomes, within-grade zscores for grades
9 through 12 were averaged to create Fig. 1. This illustrates how stable
cognitive abilities, assessed in early adolescence, collectively play out
over time. However, they are frequently underappreciated because
any one, especially spatial/mechanical ability, is seldom assessed in the
context of the others. US students have long realized the importance of
mathematical/quantitative and reading/verbal ability assessments in
gaining admission to select universities. Seldom, however, do they
think about spatial/mechanical ability and rarely, if ever, are they se-
lected on it. Yet, these data reveal how individual differences in spatial/
mechanical abilities structure development.

These findings are also generalizable to intellectually precocious
13-y-olds in the top 1% of ability (6). Above-level assessment (i.e.,
administering college entrance examinations and spatial/mechanical
reasoning measures designed for high school seniors to young ado-
lescents) is required to obtain a sufficiently high measurement ceiling
to capture the full scope of their abilities. Based on 35 y of longitudinal
research with precocious 13-y-olds, the ability pattems observed in Fig.
1 have been replicated across real-world educational (age 23 y) —
occupational (age 33 y) — creative (age 50 y) outcomes (11). Con-
ventional assessment tools for selecting undergraduate and graduate
students are severely constrained for highly able students (3, 12). By
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late adolescence, all their scores tend to cluster at the top; hence, such
ability differences are undetectable.

Interests

Educational/occupational interests are among the most powerful
predictors of learing and work outcomes (2, 4, 5, 8). They add value
to ability assessments (6, 7, 12). One well-known dimension of inter-
ests is learning about and working with people versus things (13), or,
more precisely, an interest in working with organic versus inorganic
material. For decades, gender differences of ~1 SD have been ob-
served on this broad dimension, with males favoring inorganic subject
matter and females favoring organic pursuits. This has been repli-
cated repeatedly in intellectually gifted young adolescents as well (3,
14). When these gender differences are combined with gender dif-
ferences in relative strengths of specific abilities—reading/verbal
ability > spatial ability for females, and the inverse for males, reading/
verbal ability < spatial ability—gender differences in some outcomes
become more understandable. For years, women in the United States
have been awarded more doctorates than men; however, the
genders differentially populate various disciplines arrayed
along the inorganic—organic dimension (15, 16).

Implications

Comprehensive assessments of abilities and interests illuminate
differential individual and group developmental trajectories of
learning and work outcomes (2, 4, 17-19). Group differences are

PNAS | July 21, 2020 | vol. 117 | no. 29 | 16721



Downloaded at Vanderbilt University on August 3, 2020

simply aggregated individual differences. When individual dif-
ferences contribute to outcome differences, aggregated indi-
vidual differences (reflecting group differences) do so for
demographic categories. Itis not just a matter of whether students
like something and are proficient at it. What they like the most and
what they are best at also matters (2, 4, 17-21). The literature
cited details several implications; some are detailed below.
There are clusters formed by the covariance between specific
abilities and interests (19). These ability/interest amalgams are termed
"aptitude complexes” in education (5) and “taxons” in the world of
work (2, 7). For example, interests in people versus things covary
positively with reading/verbal ability but negatively with spatial/
mechanical ability. This is one reason some have characterized
individuals with exceptional spatial/mechanical ability as being
“extroverted for things,” supporting Stoet and Geary's (1) remark
that such students are often turned off by the typical educational
curriculum. Perhaps such students could be given opportunities in
English courses to read, rather than William Shakespeare, Charles
Dickens, or Jane Austen, biographies of Marie Curie, Thomas Edison,
or Henry Ford. This might enhance their appreciation of literature by
resonating with their personal perspective or with the salient features
of their individuality. This, in tum, could enhance their reading proficiency.
There are also several essential occupations that all modern
societies require and for which outsourcing is not possible. Master
carpenters, electricians, mechanics, and plumbers, among others,
are needed to maintain and build complex infrastructures. There-
fore, tertiary educational opportunities need to be conceptualized
more broadly. Many with talent in spatial/mechanical ability possess
ability/interest patterns that are ideally suited to these occupations.
For educational and training programs to be optimally effective,
they must be tailored to students’ varying and even contrasting
constellations of psychological attributes (2, 4, 18). The diversity of
educational opportunities should reflect the psychological diversity
of the students (2, 3, 5, 8). Therefore, criteria for evaluating suc-
cessful educational opportunities should be similarly diverse.

Even among elite STEM graduate students trained at the best
universities in the world, the small subset who go on to achieve emi-
nence in STEM do not possess a unique quality (14, 18). Rather, they
possess more of known qualities: They enter graduate school with
more focused STEM interests and fewer competing interests and
dedicate more time to the pursuit of STEM excellence. There is much
attention devoted to more equal representation in the STEM pipeline
(22-24) and the proportion of women opting out. Yet, women are
not underrepresented in advanced educational credentials (15, 16),
and evidence suggests that they are pleased with their choices (17).
For example, women receive around 68% of the doctorates in ed-
ucation, over 70% in health and medical sciences, and over 75% in
public administration/services. If mathematically gifted women are
more likely to secure JDs or PhDs in epidemiology as opposed to an
inorganic science, relative to their male counterparts, is this prob-
lematic? If a mathematically gifted woman with expertise in envi-
ronmental law rescues some precious land in Alaska from polluting
exploitation, is that less of a contribution than a male counterpart
who advances knowledge of the physical universe?

Conclusion

For complex societies to operate effectively they need to identify and
nurture many different constellations of human individuality. Meeting
the challenges posed by climate change, cybersecurity, and global
pandemics requires different sets of personal attributes for the de-
velopment of sophisticated expertise needed. Understanding the
multidimensionality of human individuality is critical for developing
human potential, scientifically based educational-occupational
practices, and policy formation. It also has potential for insight into
social climate change, which ensues as a function of an inordinate
number of individuals with a particular point of view populating a
specific niche, as the technology industry has done for Seattle. Per-
haps, more idealistically, widespread knowledge of human psycho-
logical diversity will contribute to increased cross-cultural empathy.
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