CHAPTER I§

Individual Differences at the Top
Mapping the Outer Envelope of Intelligence

David Lubinski

In his 1998 James McKeen Cattell Award Address at the American
Psychological Society (now the Association for Psychological Sciences),
“The Power of Quantitative Thinking,” Paul E. Meehl observed:

Verbal definitions of intelligence have never been adequate or commanded
consensus. Carroll’s (1993) Human Cognitive Abilities and Jensen’s (1998)
The g Factor (books which will be definitive treatises on the subject for many
years to come) essentially solve the problem. Development of more sophis-
ticated factor analytic methods than Spearman and Thurstone had makes
it clear that there is a g factor, that it is manifested in either omnibus IQ
tests or elementary cognitive tasks, that it is strongly hereditary, and that its
influence permeates all areas of competence in human life. What remains
is to find out what microanatomic or biochemical features of the brain are
involved in the heritable component of g. A century of research — more than
that if we start with Galton — has resulted in a triumph of scientific psychol-
ogy, the foot-draggers being either uninformed, deficient in quantitative
reasoning, or impaired by political correctness. (Meehl, 2006, p. 435)

Those tomes will indeed remain on the bookshelves of scholars for
decades. Carroll (1993) focused on the highly replicated internal structure
of psychometric tools developed over the previous century, whereas Jensen
(1998) explicated how the central dimension of this hierarchy connects
with important biosocial phenomena. Hunt’s subsequent (2011) volume,
Human Intelligence, deeply enriches these two. Collectively, this psycho-
metric triptych provides a comprehensive depiction of the nature and real-
world significance of intellectual abilities.

Essentially, general intelligence denotes individual differences in
abstract/conceptual reasoning. This dimension accounts for around half
of the common variance found in measures of intellectual functioning.
Fifty-two experts (including Meehl) provided an excellent working def-
inition: “[A] very general capacity that, among other things, involves
the ability to reason, plan, solve problems, think abstractly, comprehend
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complex ideas, learn quickly and learn from experience. It is not merely
book learning, a narrow academic skill, or test-taking smarts. Rather,
it reflects a broader and deeper capability for comprehending our
surroundings — ‘catching on,” ‘making sense’ of things, or ‘figuring out
what to do’” (Gottfredson, 1997, p. 13).

Precisely because it is general, this dimension can be measured in multi-
ple ways. For example, by “aptitude items” that require processing complex
relationships, often, but not exclusively, across quantitative/numerical,
spatial/mechanical, verbal/linguistic media, or, less efficiently, with varying
and widely sampled “achievement items” of cultural content or knowledge
(Lubinski & Humphreys, 1997; Roznowski, 1987). As Thurstone (1924,
p- 247) pointed out, the former “type” of assessment concentrates on intel-
ligence at work during the test (processing), the latter on the product of
intelligence (knowledge). But often, when these assessments are broad,
they engender equivalent correlates and are functionally interchangeable
(Terman, 1925, pp. 289—306). In this vein, when introducing the “jangle
fallacy,” Kelley (1927) warned that attaching different labels to experimen-
tally independent measures of the same attribute (e.g., academic aptitude,
developmental level, fluid reasoning, general mental ability, general intel-
ligence, g, IQ) does not mean that they measure different things.

[Clontaminating to clear thinking is the use of two separate words or
expressions covering in fact the same basic situation, but sounding differ-
ent, as though they were in truth different. The doing of this ... the writer
would call the “jangle” fallacy. “Achievement” and “intelligence” ... We can
mentally conceive of individuals differing in these two traits, and we can
occasionally actually find such by using the best of our instruments of men-
tal measurement, but to classify all members of a single school grade upon
the basis of their difference in these two traits is sheer absurdity. (p. 64)"

Five decades later, an APA Task Force (Cleary et al., 1975) explicated the
four dimensions involved in distinguishing “achievement” (specific knowl-
edge) from “aptitude” (IQ) tests: breadth of sampling, recency of learning,
the extent to which items are tied to an educational program, and purpose
of assessment (current status versus potential for development). Achievement
and aptitude tests do not differ in kind; they differ in degree. Cronbach (1976)
echoed these considerations in responding to critics of psychological testing:

In public controversies about tests, disputants have failed to recognize that virtu-
ally every bit of evidence obtained with IQs would be approximately duplicated
if the same study were carried out with a comprebensive measure of achieve-
ment. (p. 211, italics original)
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These highly replicated empirical generalizations are refreshing in the
context of contemporary discourse on the “replication crisis” (Open
Science Collaboration, 2015). It is critical to begin with and assimilate
these well-established facts about the central parameter of intellectual
functioning (Carroll, 1993; Hunt, 2011; Jensen, 1998) before we can eval-
uate any claim to have moved beyond them. An intellectual dimension
provides value beyond general intelligence only if it truly gives us some-
thing more than general intelligence. As Messick noted (1992, p. 379),*
“Because 1Q is merely a way of scaling general intelligence [g], the burden
of proof in claiming to move beyond IQ is to demonstrate empirically
that ... test scores tap something more than or different from general intel-
ligence by, for example, demonstrating differential correlates with other
variables (which is the external aspect of construct validity).” Longitudinal
studies of intellectually precocious children, as described in what follows,
have done just that.

The Organization of Intellectual Abilities

Important intellectual dimensions beyond the general factor have been
mapped in multiple ways and different labels applied (many with atten-
dant “jangle”), yet they all possess differential value in the prediction of
educational, occupational, and creative outcomes: fluid versus crystalized
abilities (Cattell, 1971), verbal-educational-numerical versus mechanical-
practical-spatial (Humphreys, 1962; Vernon, 1961), Wechsler’s perfor-
mance IQ versus verbal IQ (Matarazzo, 1972), and mathematical, spatial,
and verbal reasoning (Corno, Cronbach et al., 2002; Gustafsson, 2002;
Guttman, 1954; Snow et al., 1996). Because specific-ability measures
focus on one particular type of content (e.g., verbal/linguistic, mathe-
matical/quantitative, or spatial/pictorial), the individual differences
they index constitute an amalgam of the general factor and the content-
focused specific ability (Corno, Cronbach et al., 2002; Gustafsson, 2002).
Conversely, when these indicators are systematically combined (Lubinski,
2004, p. 99), a distillate is formed that primarily indexes general intelli-
gence (overall level of sophistication of the intellectual repertoire). Both
levels of analysis — general and specific — are important (Wai et al., 2009).
The radex model of intellectual functioning consists of a general dimen-
sion of abstract/symbolic processing or reasoning capability, surrounded
by three specific abilities indexing degrees of competence with distinct
symbolic systems: quantitative/numerical, spatial/figural, and verbal/lin-
guistic (Wai et al., 2009, p. 821). The radex affords a global outline of the
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intellectual hierarchy (Lubinski & Dawis, 1992), and is as good as any
framework for succinctly organizing the structure of human intelligence
(Corno, Cronbach et al., 2002; Gustafsson, 2002; Guttman, 1954; Snow
et al., 1996; Snow & Lohman, 1989).

Empirical Findings

That mathematical, spatial, and verbal reasoning abilities each add unique
value to the prediction of important outcomes is well established for the
general population and college-bound high school students (Humphreys,
1962; Humpbhreys et al., 1993; Kell & Lubinski, 2015; Lubinski, 2010, 2016;
Wai et al., 2009). Following the editor’s directive that authors focus here on
their specific contributions to the field of intelligence, I will now describe
how these intellective dimensions operate among intellectually precocious
populations, specifically, the populations yielding empirical findings from
the Study of Mathematically Precocious Youth (SMPY).

Study of Mathematically Precocious Youth (SMPY)

SMPY is a planned so-year longitudinal study currently in its fourth
decade (Clynes, 2016; Lubinski & Benbow, 2006). Launched by Julian
C. Stanley in 1971, it was designed to identify mathematically preco-
cious youth and uncover ways to facilitate their educational development.
Shortly after its beginning, equal emphasis was placed on exceptional ver-
bal ability. SMPY identified young adolescents ages 12 to 13 in the top 3%
on conventional achievement tests routinely given in their schools, and
gave them the opportunity to take college entrance exams, specifically, the
SAT. These above-level assessments produce the same score distributions
as they do for college-bound high school students. For decades (Assouline
et al., 2015; Benbow & Stanley, 1996; Colangelo et al., 2004), young ado-
lescents scoring at or above the mean for college-bound high school seniors
have routinely enjoyed assimilating a full high school course in three weeks
at summer residential programs for talented youth. Today, approximately
200,000 young adolescents are assessed annually with above-level instru-
ments for such opportunities (Lubinski, 2016).

Currently co-directed by Camilla P. Benbow and David Lubinski at
Vanderbilt University, SMPY is tracking five cohorts consisting of more
than 5,000 intellectually talented participants identified in 1972-1997.
Moreover, SMPY has evolved, from studying educational development
to occupational and personal development as well as eminence and
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Figure 15.1  Participants are separated into quartiles based on their age 13 SAT-M +
SAT-V Composite. The mean age 13 SAT composite scores for each quartile are displayed
in parentheses along the x-axis. Odds ratios (ORs) comparing the likelihood of each
outcome in the top (Q4) and bottom (Q1) SAT quartiles are displayed at the end of every
respective criterion line. An asterisk indicates that the 95% confidence interval for the
odds ratio did not include 1.0, meaning that the likelihood of the outcome in Q4 was
significantly greater than in Q1. These SAT assessments by age 13 were conducted before
the re-centering of the SAT in the mid-1990s (i.e., during the 1970s and early 1980s); at
that time, cutting scores for the top 1 in 200 were SAT-M > 500, SAT-V 2 430; for the top
1 in 10,000, cutting scores were SAT-M 2 700, SAT-V 2 630 by age 13.

Adapted from Lubinski (2009).

leadership. For present purposes, SMPY’s unique empirical contributions
highlight the psychological and social implications of assessing individual
differences within the top 1% of ability.

Ability Level

Figure 15.1 contains data from 2,329 SMPY participants (Lubinski, 2009).
By age 13, all met the top 1% cut score on either the SAT-Math or SAT-
Verbal for their age group. Frey and Detterman (2004) documented that
the SAT-M plus SAT-V composite constitutes an excellent measure of
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general intelligence (for above-average populations). First, their age-13
SAT composite (M + V) was divided into quartiles. Then, longitudinal
criteria secured 25 years later were regressed onto the four quartiles. These
criteria reflect valued accomplishments in education, the world of work,
and creative expression (e.g., securing a patent, publishing a novel or major
literary work, or publishing a refereed scientific article). Finally, odds ratios
(ORs) were computed comparing the top and the bottom quartiles for
each attainment. Figure 15.1 shows that individual differences within the
top 1% of general intellectual ability, even when assessed at age 13, ulti-
mately result in a set of achievement functions. More ability enhances the
likelihood of many important accomplishments.

While the base rate for patents in the United States is 1% for the general
population, the first quartile of this group achieves almost five times that.
Further, the difference between the top and bottom quartiles, 13.2% versus
4.8%, respectively, is statistically and substantively significant. The same
is true for the difference between the top and bottom quartiles in hav-
ing an income at or above the 95th percentile (10.5% versus 4.8%). Note
that these participants are in their mid-30s and such incomes are typically
earned only much later in life. Thus, there is neither an ability threshold
nor any sign of diminished returns within the top 1% of ability. But does
the uniqueness of the specific abilities, each focused on a distinct sym-
bolic modality, have additional psychological significance for intellectually
talented youth?

Ability Pattern

Park and colleagues (2007) analyzed a group of 2,409 SMPY participants
tracked for more than 25 years. Figure 15.2 organizes their findings into
four Tukey plots: specifically, participants’ SAT composites were plotted
on the y-axis and their SAT-M minus SAT-V scores were plotted on the
x-axis. These plots result in two independent dimensions, concurrently
assessing overall ability level (i.e., the common variance these two mea-
sures share — “¢”, on the y-axis), versus ability-pattern (i.e., the unique
psychological import of each measure’s specific ability — on the x-axis). For
the latter, positive scores on the x-axis denote greater mathematical rela-
tive to verbal reasoning ability (M > V), whereas the opposite is true for
scores to the left (M < V). Finally, bivariate means for educational, occupa-
tional, and creative attainments were plotted. These were then surrounded
by ellipses, defined by +/- one standard deviation on x and vy, respectively,
for members in each group.
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Participants’ achievements as a function of ability tilt (SAT-Math score

minus SAT-Verbal score) and ability level (sum of both SAT scores), in standard deviation
units. Achievement categories were (a) completing a terminal four-year or master’s
degree, (b) completing a Ph.D. (means for MDs and ]Ds are also shown), (c) securing a
tenure-track faculty position, and (d) publishing a literary work or securing a patent. In
each graph, bivariate means are shown for achievements in humanities and in science,
technology, engineering, and mathematics (STEM), respectively; the ellipse surrounding
each mean indicates the space within one standard deviation on each dimension.
The 7 for each group is indicated in parentheses. Mean SAT-Math and SAT-V scores,
respectively, for each criterion group were: four-year and master's STEM degree — 575,
450; four-year and master’s humanities degree — 551, 497; STEM Ph.D. — 642, 499;
humanities Ph.D. — 553, 572; tenure-track STEM position in a top-50 university — 697,
534; tenure-track humanities position in a top-5o university — 591, 557; tenure track
STEM position in a non-top-5o university — 659, 478; tenure-track humanities position
in a non-top-50 university — 550, 566; patents (i.e., STEM creative achievements) — 626,
471; and publications (i.e., humanities creative achievements) — 561, 567.
From Park et al. (2007).
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In all four panels, outcomes in the humanities and STEM were fea-
tured because they had the largest sample sizes to justify statistically sta-
ble results. However, bivariate points for other outcomes (e.g., MDs, JDs,
novelists, and nonfiction writers) are also plotted to provide an even wider
picture. Moving from four-year and master’s degrees (panel A) to doctor-
ates (panel B), we see increases in ability level (y-axis), as well as ability
pattern (x-axis) becoming more distinctive. Tenured faculty at major uni-
versities in the humanities versus STEM (panel C) are distinct, as are those
who secured refereed publications and patents (panel D). Participants
achieving these qualitatively different attainments occupy different regions
of the intellectual space defined by these dimensions. Importantly, these
differences are detectable during early adolescence. However, they rou-
tinely pass unnoticed because of the ceiling problem. The vast majority
of these participants will earn close to top possible scores on conventional
college entrance examinations well before graduating from high school
(when SAT assessments are typically conducted). At that point, for this
population, such assessments are no longer capable of distinguishing the
exceptionally able from the able. They are insensitive to their individuality,
and especially so among the profoundly gifted.

Profoundly Gifted

The differential attainments observed earlier continue to be found at ever-
higher points on these ability dimensions. Two scatter plots in Figure 15.3
illustrate the breadth of intellectual diversity typically unseen due to mea-
surement limitations but routinely uncovered through above-level assess-
ments. The bottom plot is based on a group of 320 SMPY participants
scoring in the top I in 10,000 in either mathematical or verbal reasoning
ability (Kell et al., 2013a); the top plot consists of 259 equally able partici-
pants identified by Duke University’s Talent Identification Program (TIP),
used for replication (Makel et al., 2016). Both groups were identified by
age 13 and tracked for 25 years. As the diagonal line on each scatter plot
reveals, a large majority in each group had estimated I1Qs > 160, yet the
psychological diversity displayed by these profoundly gifted participants is
stunning: some participants who scored in the top 1 in 10,000 for math-
ematical reasoning ability have verbal reasoning abilities that are more
impressive than their mathematical prowess, while the verbal reasoning
ability of others is “merely” around the cutting score for the top 1% (an age
13 SAT-V score just under 400). The same breadth of differential talent is
observed among those scoring in the top 1 in 10,000 in verbal reasoning
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Figure 15.3  Scatterplot of age-13 SAT-Math (X) and SAT-Verbal (Y) scores for Duke

SAT Scatter Plot: Duke TIP
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TIP participants (top panel) and SMPY participants (bottom panel). Circles, triangles,

and squares are used to denote bivariate points with more than one participant. The

diagonal line in each scatterplot denotes where estimated IQs of 160 fall; bivariate values
above these diagonals correspond to estimated IQs above 160. On the axes, the boldface
numbers on the x-axis (500, 700) and the y-axis (430, 630) indicate cutoffs for the top
1 in 200 and the top 1 in 10,000 for this age group. TIP = Talent Identification Program;
SMPY = Study of Mathematically Precocious Youth.

From Makel et al. (2016).























































