When the great psychometrician Louis L. Thurstone
migrated from engineering to psychology, he noticed
an important difference between psychologists and
engineers. He observed that when engineers are con-
fronted with a problem, they begin to think, whereas
when psychologists are confronted with a problem,
they begin to talk (Thurstone, 1952). Happily, over
the past 3 decades, highly replicable empirical find-
ings from multiple longitudinal studies on tens of
thousands of participants have revealed important
things to think about and talk about. These findings
are critical for understanding educational, occupa-
tional, and creative outcomes among students who
learn abstract/symbolic material at precocious rates.
Some of the most salient longitudinal advances
In recent times involve intellectual abilities, the pri-
mary focus of this chapter. Arguably the two most
Important points uncovered by modern longitudinal
Tesearch are (a) assessing intellectual abilities within
the top 1% of ability and (b) doing so multidimen-
:_'S:._ionally‘ For optimal practice and theorizing, both
e essential. Because of the need to focus more
Sematically on objective assessments of intel-
C.tuai capacities in the gifted field (Warne, 2016),
S chapter focuses on recent advances based on
| ective assessments because these determinants
Elllti[y Populations that learn at precocious rates.
5, these determinants are central. Yet, because
lmPol‘lancc ol intellectual abilities, commit-
'L interests, and opportunity are all needed (o

r$land Precocious intellectual development, a
Prehensive mode] o

Motic. ncompassing intellectual and
SVationg] (e

terminants is further recommended
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CHAPTER 31

THREE CRUCIAL DIMENSIONS FOR
STUDENTS WITH INTELLECTUAL
GIFTS: IT IS TIME TO STOP TALKING
AND START THINKING

David Lubinski and Harrison J. Kell

(Lubinski & Benbow, 2000, 2006). This model s,
in turn, enriched by broader lifestyle determinants
(Ferriman, Lubinski, & Benbow, 2009; Lubinski,
Benbow, & Kell, 2014), which are crucial for under-
standing how outstanding educational, occupational
and creative accomplishments unfold over the
lifespan among intellectually talented populations.

’

RELEVANT THEORY AND PRINCIPLES

Three Critical Specific Abilities

Just as Lewis Terman (1954) showed for the con-
struct of general intelligence (“IQ”), and Julian C.
Stanley (1996; Benbow & Lubinski, 2006) showed for
mathematical and verbal reasoning abilities, the past 3
decades have solidified the importance of a third abil-
ity for students with intellectual gifts—spatial ability.
Moreover, contemporary findings also reveal that it

is suboptimal to assess these dimensions in isolation.
They manifest important interrelationships for under-
standing individual differences in learning in school
settings and performance in work settings; they oper-
ate as a collective. Each ability is conditional on the
other two, and protracted longitudinal forecasts are
more accurate when information about all three is
used simultaneously (Humphreys, Lubinski, &

Yao 1993; Kell, Lubinski, & Benbow, 2013: Kell,
Lubinski, Benbow, & Steiger, 2013; Lubinski, 2004;
Wai, Lubinski, & Benbow, 2009).

Organizing Intellectual Abilities

There is wide agreement that intellectual abilities
are organized hierarchically (Carroll, 1993; Hunt,
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2011; Jensen, 1998; Snow, Corno, & Jackson, 1996).
An efficient model for conceptualizing their structure
is the radex (see Figure 31.1). A dominant dimen-
sion constitutes the center core; it is surrounded by
three specific abilities, mathematical, spatial, and ver-
bal reasoning, which covary in the .60 to .80 range.
Their communality distills the construct of general
intelligence (g). All measures of specific abilities have
a large component of g, whereas all general ability
measures consist primatily of g and contain a small
aumber of content-specific ability components (cl.
Lubinski. 2004, Figure 1, p. 99). But the specificity
of specific abilities harbors important psychological
significance ( Kell. Lubinski, & Benbow, 2013: Kell,

[ ubinski, Benbow, & Steiger, 2013; Lubinski, 2004;
Wai et al., 2009),

RESEARCH REVIEW

General ability level is important in life (Gottfredson,
1997). There is not a dimension ol human indi-
viduality that has broader and deeper external
relationships with important psychological phe-
nomena. Individual differences in g index different

Cognitive Abilities

Spatial
Ability

Verbal
Ability

Mathematical Ability

FIGURE 3L.1.  Cognitive abilities organized
around mathematical, spatial, and verbal
content domains. The higher order construct
of general intelligence (g) at the center rep-
resents the communality shared by the three
abilities. Adapted from “Spatial Ability for
STEM Domains: Aligning Over 50 Years of
Cumulative Psychological Knowledge Solidifies
Its Tmportance,” by J. Wai, D. Lubinski, and
C. P. Benbow, 2009, Journal of Educational
Psychology, 101, p. 821. Copyright 2009 by the
American Psychological Association.
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rates of learning abstract/symbolic material among I
children in school, as well as the different rates of i
competency to which adults adjust to complexity
in the world of work (Hunt, 2011; Jensen, 1998; !
Lubinski, 2004; F. L. Schmidt & Hunter, 1998). !
These findings are not only important for under- |
standing individual differences in learning and
work between individuals (F. L. Schmidt &
Hunter, 2004; Wilk, Desmarais, & Sackett, 1995,
Wilk & Sackett, 1996), but also between
biologically related family members (Lubinski,
2004. 2009; Murray, 1998, 2002; Waller, 1971).
Outside of learning and work environments, cog-
nitive epidemiologists have shown connections

with outcomes ranging from traffic accidents and
mortality to behaviors engendering physical and
psyclmlogical health, and a number of studies
have provided compelling evidence for g, while
controlling for socioeconomic status (Gottfredson,
2004; Lubinski, 2009: Lubinski & Humphreys,
1997). These relationships need to be assimilated
belore refinements offered by specific abilities can
be evaluated for their added value (Warne, 2016).
Although the common variance shared by the three
specific abilities constitutes the most psychologi-
cally significant dimension of human individuality
uncovered by psychological science, each specific
ability has unique variance that is psychologically
significant and that is critical to understanding all )
students (Humphreys et al., 1993; Lubinski, 2004
Wai et al., 2009). :

Ability Level
To help crystalize the importance of g for stude
with intellectual gilts, Figure 31.2 organizes lot
tudinal findings from the Study of Mathematical 2
Precocious Youth (SMPY; Lubinski & Benbow,
2006). SMPY is a longitudinal study d‘evelop'd _
Julian C. Stanley in 1971 at Johns Hopkins UI'liJ
sity; it is now codirected by Camilla P. Beﬂb?‘f’
David Lubinski at Vanderbilt University (Lubf
& Benbow, 2006). SMPY con sists largely of
search participants identi fied through abo
testing during early adolescence using the
Aptitude Test (SAT). Research has shown
high-ability students, the math and VEfb_a
ite score from the SAT isan excellent meast

e —
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nfidence interval for the odds ratio did not include 1.0, meaning that the likeli-

hood of the outcome in the to i igni

. « . p quartile was significantly greater than in th

gl::rn!e. lérom ‘ Exceptional Cognitive Ability: The Phenotype,” by D.llr,lubiill)l(()ittgl(;l09
avior Genetics, 39, p. 353. Copyright 2009 by Springer. Adapted with permfssion. ’

FFrey & Detterman, 2004). Combining these two
indicators distills g for practical purposes. In Figure
31.2, the age 13 SAT composite scores of over 2,000
:SMPY participants, all of whom were in the top 1%
of ability, were divided into quartiles based on their
?_fﬂ.mposile scores from the SAT, which they com-
Ppleted ?lt age 13. The mean SAT composite for each
group is listed on the x-axis. After 25 years, informa-
- 1'}?”85 collected on rare, socially valued outcomes:
¢ :f ? doc.torate, producing a science, technol-
l.:Ifm_n{g[li{tlseemng', an'd mathematics (STEM) or arts/
- irpiughcatlon, earning a patent, or having
. Bﬂily diffteri top ?% of the U.S. population.
from 137 (o otceiszl(;lotier;(a:ﬁelr%f)(; iQsl rangl-d
~Omes. Participan(s wh s plac

i the 1 anni whose SAT scores placed
Bhimore o, . Sec; iee:l;n more doctorates, pub-
BBher i o - . .ore pa.tents, and earn

participants in the other three

quartiles. Although other factors (e.g., commitment
interests, opportunity) clearly matter, more ability ’
is better. There is not a threshold effect for abil-

ity beyond which more ability doesn’t matter. To
observe this, however, requires measures capable of
differentiating individual differences in the top 1%
of ability and a variety of rare, low base-rate criteria
(because there are many different kinds of outstand-
ing intellectual accomplishments). The latter under-
scores why large sample sizes are needed for reliable
statistical findings.

To place another lens on ability level, Figure 31.3
places the same group of SMPY participants into one
of three groups on the basis of their highest terminal
educational degree (i.e., bachelor’s, master’s, or doc-
torates); then into quartiles on the basis of their SAT
scores in math (Park, Lubinski, & Benbow, 2008).
Because SMPY is particularly interested in the
development of talent in STEM, the psychological
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significance of individual differences w?thin the

top 1% on mathematical reasoning ability was
examined. Notice how across all three panels,
ability level increases as a function of more
advanced educational credentials even though all
participants rank in the top 1%. In addition, \?vithin
each degree, differences on SAT assessments in math
at age 13 mattered for refereed STEM publications
and the likelihood of earning patents.

Initially, this study was submitted for publ.ication
containing only these 3 panels, but a peer reviewer
pointed out that, perhaps, SAT scores in math were
shared with participants’ junior high and high
school teachers, who, in turn, provided students

with extraordinary learning experiences. These
experiences could have resulted in outcome§ a‘nd
résumés that positioned them to secure adm1‘s§10n
to top universities, as well as other opportl.xnl_tleS,
which in turn enabled them to secure admission tctl)
top graduate schools. The peer revievs.rer wondetrlie |
if their graduate school is what contributed tOThig..iﬁ
differential outcomes (cf. Zuckerman, 1977) kii-
an astute observation and Park et al. (2098) to(; ol
seriously and responded with the analysis rep®
in Figure 31.4.

Participants who earned graduate A
placed into two groups: those who eaml“ie e
from a graduate school ranked among t
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attending a top 15 graduate school versus partici
ticipants with a master's or doctorate degree wh
500 patent. Within each group,

age 13. The mean SAT-M score for each

group is provided in parentheses alon
comparing the likelihood of each outcome in the top (Q4) and bottom (Q1) q
ning that the likelihood of the outcome in the t
om "Ability Differences Among People Who Have Commensu rate Degrees
" by G. Park, D. Lubinski, and C. P. Benbow, 2008, Ps

the odds ratio did not include 1.0, mea
greater than in the bottom quartile. Fr.
Matter for Scientific Creativity,

Copyright 2008 by Sage. Adapted with permission.

15 graduate schools in the United States versus
lower ranked universities. Then, participants’
mean SAT scores in math were computed within
each group and, finally, the percentage of partici-
pants earning STEM publications and patents were
plotted as a function of these ability differences.
Individual differences in mathematical reasoning
assessed before age 13 mattered for both groups.
The top quartiles differed significantly and substan-
tively from the bottom quartiles. The mean SAT
Score in math for the top quartile of participants
attending universities ranked in the top 15 graduate
schools is 740, For these participants, the SAT math
score is a compromised measure of their capability
because of ceiling constraints. So, the assessment

of the ful] scope of their mathematical reasoning
dCumen is compromised.

There is an old s
adifference o be 5

€lice.” Clearly,

aying in applied psychology, “For
difference it must make a differ-
these differences matter. To see these

wever, they need to be measured. And
€T are other differences that matter, too.
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and mathematics (STEM) accomplishments of participants
pants attendin

0 had a peer-re
participants were separated in

8 a non—top 15 graduate school. Data include par-
viewed STEM publication, a patent, or a Fortune
to quartiles based on their SAT-M (math) score at

8 the x-axis. Odds ratios are provided
uartiles. *95% confidence interval for

op quartile was significantly

yehological Science, 19, p. 960.

Ability Pattern

The findings on the importance of assessing indi-
vidual differences within the top 1% of high-ability
students disproves the ability threshold hypothesis
for real-world outcomes, which many observers saw
coming for decades, based on individual differences
in educational outcomes among students in the top
1% (Benbow, 1992). Assessing ability pattern within
the top 1% is also relevant. Doing so is particularly
relevant for insight into qualitative differences in
learning preferences and long-term developmental
trajectories. Figure 31.5 forms four Tukey plots
(Park, Lubinski, & Benbow, 2007). The SAT compos-
ite scores of over 2,400 SMPY participants were plot-
ted on the y-axis, and their math score minus their
verbal score was plotted on the x-axis. This method
results in two independent dimensions that assess
ability level (y-axis) and pattern or “tilt” (x-axis).
For the latter dimension, scores on the right of the
x-axis indicate ability strength in mathematical rela-
tive to verbal reasoning ability; whereas the inverse
is true for scores to the left. This two-dimensional
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hing a lit-
in humanities and

ndicates the
From

representation shows a variety of educational,
occupational, and creative outcomes accomplished
by these participants over 25 years. Bivariate
means in the humanities are surrounded by a dot-
ted line and those for STEM are surrounded by

a solid line, which are defined as + 1 standard
deviation on x and y, respectively, for members in
each group.

[n all panels, outcomes in the humanities and
STEM are examined because they have large enough
sample sizes to produce statistically stable results,
Yet, bivariate points for other outcomes are also
shown (e.g., MDs, JDs, novelists, & nonfiction writ-
ers). The ability-level increases and differential abil-
ity strength becomes more distinctive when looking
from students with terminal bachelor's or master's
degrees (panel A) to students with doctoral degrees
(panel B). Tenured faculty at major universities
(panel C) are particularly distinct, as are those with
literary publications and patents (panel D). SMPY
participants achieving these qualitatively different
outcomes occupy different regions of the intellectual
space as defined by these dimensions. These differ-
ences are detectable in early adolescence: however,
they routinely go unnoticed because most of these

students earn top scores on both SAT scales before
they graduate high school (a ceiling problem). For
this population, the SAT is no longer capable of dis-
tinguishing students with high ability from students
with exceptionally high ability—differences that
Matter among intellectually precocious youth. The
next longitudinal study reviewed underscores this
idea with a group of 320 profoundly gifted partici-
pants (IQ > 160).

Figure 31.6 graphs a 25-year longitudinal study
of the creative outcomes of a group of SMPY par-

ticipants (Kell, Lubinski, & Benbow, 2013) who

Scored at least 700 in math or at least 630 in verbal

f€asoning (or both) on the SAT before age 13 (j.e.,
€10p 0.01% of students). In this graph, the SAT

Math score is on the x-axis and the SAT verbal rea-

isoning score is on the y-axis. The smaller, dark gray
ellipses represe

€ X-axis and the ¥-
Major area, whereas
EPresent +1 gpanda

nt 1 standard error of the mean on
axis for participants within each
the larger, light gray ellipses

_ rd deviation. The profoundly
fted, Jike the gifted (Park et al., 2007) and typical

Three Crucial Dimensions for Students With Intellectual Gifrs

college students (Gottfredson, 2003: Humphreys
etal, 1993; Wai et al., 2009), tend 1o gravitate
toward their ability strength. Essentially, all these
students possess more mathematical and verbal
reasoning ability than typical PhDs across all disci-
plines (Wai et al., 2009), yet they pursue learning,
work, and creative endeavors in areas supportive of
their greatest strength.

Moreover, the level ol accomplishments among
these profoundly gifted participants is astonishing
(cf. Kell, Lubinski, & Benbow, 2013. Tables 1-3),
including obtaining doctoral degrees (44% of par-
ticipants), academic tenure at research universi-
ties (7.5% of participants), and patents (18% of
participants). Several are vice presidents, partners,
and department heads in the corporate sector, law,
medicine, or information technology. These accom-
plishments far surpass midlife outcomes among
students identified as in the top 1% of individuals
with ability (Lubinski et al., 2014). Although these
findings are clarifying with respect to ability level

and pattern, adding a neglected dimension of intel-
lectual functioning to mathematical and verpal

reasoning provides even greater clarity and psycho-
logical insight,

Spatial Ability
In the late 1970s, because of his interest in identifying
and developing scientific talent, Julian Stanley gave a
group of 563 SMPY talent search participants, identi-
fied by their SAT scores at age 13, tests of spatial ability
designed for high school seniors. He was unsure what
these instruments would measure, but he wanted to
find ways (o better meet the gifted students’ educa-
tional needs, and he thought these instruments might
provide some clues. Stanley encouraged the students
to do their best, and findings suggest they took this
task seriously. Information about students’ educational
and occupational outcomes was collected at age 18
(after high school), age 23 (after college), and age
33 (early career; Shea, Lubinski, & Ben bow, 2001).
More recently, at age 48, information was collected
about their creative accomplishments (Kell, Lubin-
ski, Benbow, & Steiger, 2013). In both studies, three
specific aBililies-—ma[hematicaL verbal, and spatial
reasoning—were found to have unique value for pre-
dicting meaningful outcomes, relative to the other two.
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The three-dimensional plots in Figure 31.7 con-
tain the educational outcomes of this sample at age
18 (panels A & B) and age 23 (panel C), and occu-
pational outcomes at age 33 (panel D). In standarsi
deviation units, the SAT math score is on the x-axis
and the SAT verbal reasoning score is on the y-axis.
The dots at the end of each arrow denote these
bivariate points for each group of participants. Spa-
tial ability is also scaled in standard deviation units
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these participants’ creative accomplishments (Kell,
Lubinski, Benbow, & Steiger, 2013).
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interested in examining something that had not

been studied before—does spatial ability add value
for creative outcomes (creating knowledge)? Shea

et al. (2001) and others (Humphreys et al., 1993;

Wai et al., 2009; Webb, Lubinski, & Benbow, 2007),
already established that spatial ability adds value to
measures of mathematical and verbal reasoning ability
in educational settings (assimilating knowledge) and
in occupational settings (using knowledge). However,
was Howard Gardner (1983) correct, “it is skill in
spatial ability that will determine how far one will go
in science” (p. 192)?

Kell, Lubinski, Benbow, and Steiger (2013)
identified outcomes deemed genuinely creative for
the 563 participants studied by Shea et al. (2001). The
final groupings identified for analysis (with sample
sizes in parentheses) were three types of academic
publications—art-humanities—law—social sciences
(27), biology-medicine (35), STEM (65)—and pat-
ents (33). These categories are mutually exclusive and
exhaustive, because participants who earned patents
and also had papers published are placed in the rel-
evant publication category; the 33 individuals placed
in the patent category did not have a publication at
the time of follow up. Using a discriminant function
analysis, participants’ mathematical, spatial, and ver-
bal ability assessments at age 13 were used to predict
these outcomes at age 48. When only mathematical
and verbal ability scores were used, they accounted
for 10.5% of the variance in these group outcomes
(p < .01); when spatial ability was also used, an addi-
tional 7.5% of the variance was accounted for (p < .01).
Although it has been known for years that level and
pattern of mathematical and verbal ability are impor-
tant for forecasting the likelihood and nature of cre-
ative outcomes among intellectually precocious youth
over multiple decades (Park et al., 2007, 2008; Wai,
Lubinski, & Benbow 2005), this is the first demon-
stration that spatial ability adds additional value.

A trivariate (mathematical/spatial/verbal) three-
dimensional plot of these findings is found in
Figure 31.8. Each trivariate point is surrounded by
ellipsoids, which represent three standard errors of
each ability. The creative outcomes under analysis are
supported by different configurations of intellectual
talent. For example, among participants who secure
patents, spatial ability is commensurate with those
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who publish in STEM, but the latter are more impres-
sive in mathematical and verbal reasoning. Partici-
pants who publish in art—-humanities—law—social
sciences are the lowest of all in spatial ability. (The
smallest ellipsoid constitutes the location of the
remaining participants, those who did not secure one
of these outcomes. Its small size is due to the large
sample of participants that remained, which generates
small standard errors.) This graph is psychologically
informative. It represents the intellectual design space
of creative thought.

Placing Ability Findings on the Gifted

in a Broader Context

One attractive feature of these findings is that they
are all in excellent accord with basic science findings
within the psychological study of individual differ-
ences. When Shea et al. (2001) was in the review
process, one of the referees, David Lohman, made
the following observation. He pointed out that while
findings were informative, he wondered how these
three abilities would operate in less select popula-
tions, and particularly among students who were
not involved in a “talent search.” To address this
question, we analyzed data from Project TALENT
(Flanagan et al., 1962).

Project TALENT (Flanagan et al., 1962) is a strati-
fied random sample of U.S. high schools. Because of
its comprehensiveness and size, longitudinal findings
from Project TALENT are compelling. They illus-
trate the role that specific abilities play in developing
expertise in qualitatively different disciplines. Project
TALENTs initial data collection occurred in 1960,
and consisted of a stratified random sample of the
U.S. high school population. Students in the ninth
through 12th grades (50,000 boys and 50,000 girls
from each grade; N = 400,000) were assessed, over a
1-week period, on a wide range of ability and infor-
mation tests, interest and personality questionnaires,
and an extensive 398-item biographical information
form. Measures designed to assess general intelli-
gence and specific abilities (mathematical, verbal, and
spatial reasoning) were included. Project TALENT’s
follow ups were conducted at 1, 5, and 11 years after
graduation from high school (Wise, Mclaughlin, &
Steel, 1979). Particular attention was devoted to edu-
cational and occupational accomplishments,
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FIGURE 31.8. Confidence ellipsoids showing the locations of the four criterion groups in the three-dimensional
space defined by scores for mathematical, verbal, and spatial reasoning ability. The data are rotated such that
the graph in A shows mathematical ability on the x-axis, spatial ability on the y-axis, and verbal ability on the
z-axis; the graph in B shows mathematical ability on the x-axis, verbal ability on the y-axis, and spatial ability on
lhf_: z-axis; and the graph in C shows verbal ability on the x-axis, spatial ability on the y-axis, and mathematical
ability on the z-axis, The ellipsoids are scaled so that each semiprincipal axis is approximately equal in length
to the standard error of the corresponding principal component. Each ellipsoid is centered on the trivariate
mean (centroid), and bivariate means are plotted on the bordering grids. The criterion groups were defined as
participants with a peer-reviewed publication in the arts, humanities, law, or social sciences; a peer-reviewed
publcation in biology or medicine; a peer-reviewed publication in science, technology, engineering, or mathemat-
1s (STEM); or a patent. In addition, an ellipsoid is shown for participants with none of these creative accom-
Plishments (“other”). From “Creativity and Technical Innovation: Spatial Ability’s Unique Role,” by H. J. Kell,
E. Lubinski, C. P. Benbow, and J. H. Steiger, 2013, Psychological Science, 24, p. 1834. Copyright 2013

Y H.J. Kell, D. Lubinski, C. P. Benbow, and J. H. Steiger. Reprinted with permission.
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Figure 31.9 graphs the general and specific ability
profiles of students earning terminal degrees in nine
disciplines. Because highly congruent findings were
observed across ninth through 12th grades, the cohort’s
standardized z scores are averaged. An equally weighted
composite of the three specific abilities (designed to
measure g) is plotted on the x-axis in z-score units. The z
scores for each specific ability are plotted on the y-axis.

The intellectual hierarchy revealed on the x-axis
has been observed for decades (Humphreys et al., 1993;
Lubinski, 2010; Wai et al., 2009). Students in the
STEM disciplines typically possess higher levels of
general intelligence relative to students in other disci-
plines. But critically, there is another major difference
between students who secure advanced degrees in

2.57

STEM and students in other disciplines: For all STEM
educational groupings found in Figure 31.9 (and the
advanced degrees within these groupings), spatial
ability is greater than verbal ability; whereas, for the
other six disciplines (from education to biology),
spatial ability is less than verbal ability (except bach-
elor's degrees in business). Adolescents who earned
advanced educational credentials in STEM manifested
a spatial/verbal ability pattern opposite that of students
who earned educational credentials in other areas.
These findings highlight different intellectual
architectures for learning and work. People pursu-
ing STEM disciplines have a different intellectual
orientation to problem solving, and they approach
learning, work, and novel problems with a different
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FIGURE 31.9. Average z scores of participants on verbal, spatial, and mathematical ability for term_inal bachelor’s
degrees, terminal master’s degrees, and doctoral degrees are plotted by field. The groups are plotlcd in rapk m’df:ll‘
of their normative standing on g (verbal [V] + spatial [S] + mathematical [M]) along the x-axis, and the lmc.s with
arrows from each field indicate where these disciplines average in general mental ability in z-score units. "1:1115 fig-
ure is standardized in relation to all participants with complete ability data at the time of initial testing, *For edu-
cation and business, master’s and doctoral degrees were combined because the doctorate samples for these groups
were too small to obtain stability (n < 30). From “Spatial Ability for STEM Domains: Aligning Over 50 Years qu
Cumulative Psychological Knowledge Solidifies 1ts Importance,” by J. Wai, D. Lubinski, and C. P. Benbow, 2009,

Journal of Educational Psychology, 101, p. 834. Copyright 2009 by the American Psychological Association.
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set of relative strengths. The results in Figure 31.9
complement evidence showing that contrasting cor-
relational profiles of specific abilities (mathematical,
spatial, and verbal) are associated with different con-
figurations of educational/occupational interests and
values (Ackerman, 1996; Ackerman & Heggestad,
1997, D. B. Schmidt, Lubinski, & Benbow, 1998).
Together, these findings suggest a psychological basis
for not only different approaches to learning and
work but also life in general (Lubinski, 1996, 2000,
2004). For understanding intellectually precocious
students (and indeed all students), understanding
the psychological significance of these dimensions of
human individuality is critical. Regardless of whether
specific abilities are measured or not, they will
structure important aspects of learning and psycho-
logical development. This is something with which
Thurstone’s (1952) experiences and observations
would resonate.

PRACTICE AND POLICY ISSUES

Level and Pattern of Abilities and Criteria
We know enough now to say that information
about individual differences in level and pattern of
mathematical, spatial, and verbal reasoning aIJiliEies
enhances applied and basic science research. The
optimal development of talent among intellectually
precocious youth requires a more comprehensive
characterization of their intellectual architecture
with measures that have sufficiently high ceilings.
For best practices, all three abilities should be
assessed simultaneously to help students and clients
understand their strengths and relative weaknesses,
and to add precision to longitudinal forecasts about
development. To ascertain valid support for this
idea, attention needs to be devoted to the level and
Pattern of criterion outcomes as well, for validating
Procedures. Different patterns of precocious intel-
lectual talent respond Lo contrasting opportunities
for learning and work in different ways, and the
Criterion space needs to accommodate a diversity of

Qualitatively different outcomes to capture differen-
tial development.

1
Readers interes

e eforfed 1o Bleske-Rechek, Lubinski,
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For example, vast amounts of resources are now
being devoted to the development of STEM tal-
ent, and for good reasons. STEM innovation drives
modern economies. But there are huge differences
in the outcomes needed to examine procedures
designed to enhance STEM literacy, STEM compe-
tence, STEM expertise, and the kind of STEM talent
needed for genuine innovation. All these outcomes
are important. The public needs to be STEM literate
to make informed decisions about whether evolu-
tion should be taught in our schools and to make
informed decisions about climate change. However,
procedures that foster such broad-spectrum devel-
opment are quite different than identifying the kind
of STEM talent, commitment, and opportunities
that are needed to genuinely advance STEM inno-
vation. Procedures aimed at the former are similar
to individuals consulting health care professionals
about an optimal diet and exercise plan, whereas
procedures aimed at the latter are more similar to
individuals training for the Olympics.!

Of the 2,409 intellectually precocious SMPY par-
ticipants (Figure 31.5), 18 ultimately secured tenure
ata top 50 U.S. university in a STEM discipline—a
modest, albeit meaningful, criterion for intellectual
leadership in STEM innovation. For these 18 par-
ticipants, their mean SAT score in math before age
13 was 697, and the lowest SAT score in math was
580 (which constitutes the top 60% of the top 1% of
high-ability students). This underscores the math-
ematical reasoning capability of world-class STEM
innovators, which is supported by other literature
(Friedman, 2007). Furthermore, although criterion
level is important, so are different criterion qualities.
Figure 31.6, for example, organized creative crite-
rion outcomes for profoundly gifted participants.
These participants possess more mathematical and

verbal ability than the typical PhD recipient in any
discipline (Wai et al., 2009). Yet, a diversity of cri-
terion outcomes needs to be assembled to capture

the breadth of their accomplishments. These con-

siderations have a bearing on educationally effica-

cious interventions designed to enhance cognitive

abilities.

ted in educationally efficacious interventions designed for intellectually talented students on the basis of SMPY research findings
; > and Benbow (2004), Park, Lubinski, and Benbow (2013, and Wai, Lubinski, Benbow, and Steiger (2010);
% overarching educational philosophy is described in Benbow and Stanley (1996) and Stanley (1996, 2000).
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Enhancing Cognitive Ability

Interventions designed to enhance a specific ability
(Robinson, Abbott, Berninger, Busse, & Mukho-
padhyay, 1997; Uttal et al., 2013) need to consider
not only initial ability level but also ability pattern
and adjust ultimate outcome expectations accord-
ingly. Ability level structures the magnitude of
achievement, whereas ability pattern moderates the
nature of development. Evaluations that neglect to
measure multiple abilities (with high ceilings) and
multiple outcomes (with low base rates) could gener-
ate findings that are unjustifiably harsh for validating
their procedures. Just as multiple abilities are needed
to assess human potential fully, multiple criteria are
needed to evaluate the educational efficacy of con-
trasting interventions. Although enhancing cognitive
performance is possible (Robinson et al., 1997; Uttal
et al., 2013), markedly changing the developmental
trajectories of individuals with salient differences

measures for engineering and the physical sciences
in particular. There was always a “but” with Hum-
phreys, however, and this letter was no exception.
Humphreys went on to say that what Stanley had
done for mathematical ability also could be done with
spatial ability. This would identify another popula-
tion of students with a distinct set of intellectual gifts
for nonverbal ideation; they would have somewhat
different educational needs, and they would have
differential promise for contrasting outcomes in
the world of work and for creative expression. In
Stanley’s brief response, he was appreciative, noted
that Humphreys was likely correct about spatial abil-
ity, and added that carrying out his proposal would
involve another career. (Stanley had just retired.)
This idea was based on Humphreys (1962)
extensive experience, using measures of spatial
ability to classify military personal throughout
the 1950s, and Humpbhreys provided compelling

[ N .. . . .
in intellectual strengths and relative weaknesses }:{ /' empirical support for his ideas about the spatially

is a different matter. This idea is reinforced by 'i} p
well-documented findings that nonintellectual |’
educational/occupational interests covary in differ-
ent ways with measures of mathematical, spatial,
and verbal reasoning. Appreciable intraindividual
differences in cognitive abilities reflect motivational
differences for gravitating toward contrasting oppor-
tunities in educational and occupational settings
(Ackerman, 1996; Ackerman & Heggestad, 1997).
Collectively, these ability/motivational amalgams
signal contrasting orientations to learning and work
(Lubinski, 1996, 2000), which jointly structure
development down different paths.

Spatial Ability: A Neglected Talent

When the senior author of this chapter was a post-
doctoral fellow with Lloyd G. Humphreys (1987-
1990), working on problems associated with spatial
ability’s unique role in understanding educational
and occupational phenomena relative to mathemati-
cal and verbal reasoning abilities (Humphreys &
Lubinski, 1996; Humphreys et al., 1993; Lubinski &
Humphreys, 1990a, 1990b), Humphreys sent a letter
to Julian C. Stanley. Humphreys was complimentary
of Stanley’s work, showing the importance of going
beyond 1Q for identifying students with intellectual
gifts, and the value added by mathematical reasoning
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gifted a few years after writing to Stanley (Gohm,
Humphreys, & Yao, 1998). Humphreys showed
that intellectually talented students whose intellec-
tual strength was in spatial ability were at risk for
underachievement educationally and underemploy-
ment occupationally. The following year, R. E. Snow
(1999), perhaps the leading authority at the time on
the educational significance of spatial ability, had
this to say:

There is good evidence that [visual-spatial
reasoning] relates to specialized achieve-
ments in fields such as architecture, den-
tistry, engineering, and medicine . . . Given
this plus the longstanding anecdotal evi-
dence on the role of visualization in scien-
tific discovery . . . it is incredible that there
has been so little programmatic research on
admissions testing in this domain. (p. 136)

The reason for detailing this history is not to
appeal to authority but, rather, to document what
leading scientific authorities routinely observe from
consistent and powerful longitudinal findings on
the basis of huge samples. Furthermore, most of
the findings involving spatial ability reported in this
chapter came subsequent to their remarks. With the
replication crises ever present in the psyr:l'lolt‘gical

sciences (Open Science Collaboration, 2015), we
not only need to ask why human cognitive abilities
with powerful effects are not being measured with
appropriate ceilings, but why spatial ability is being
neglected altogether (Lubinski, 2010). Estimates
that modern talent searches miss over half of the top
1% of students in spatial ability are available (Wai
etal., 2009). This is the largest untapped source of
human talent that we know of, and it is critical for
the technical professions.

Given that spatial ability adds value as a function
of its conditional relationships with mathematicgl
and verbal reasoning (Kell, Lubinski, Benbow, &
Steiger, 2013; Wai et al., 2009), spatial ability is also
important to fully understanding the learning needs
and potential of all students. Examining Figure 31.9
places this idea in an especially clear light for typi-
cal college students, and Figures 31.6 and 31.8 do
the same for students with intellectual gifts. More-
over, given the proportion of students in the top
1% on spatial visualization, but who are relatively
unimpressive in mathematical or verbal reasoning
(Gohm et al., 1998; Humphreys & Lubinski, 1996;
Humphreys et al., 1993), a critical source of human
capital for advanced technical professions (e.g., mas-
ter carpenters, master electricians, master plumbers)
is readily identifiable. These, among other critical
occupations for supporting our infrastructure, are
professions that cannot be outsourced, and they are
deeply needed. With so many calls to reconceptual-
ize intelligence, and concerns about psychologi-
cal findings replicating, we need to ask ourselves

why we are neglecting these important and robust
findings.

CONCLUSION

Fifty years ago, E. G. Williamson (1965) published
an important scholarly treatment of the empirical
findings, history, and philosophy of educational
and vocational counseling from an individual dif-
ferences point of view; Williamson (1965) should
be required reading for educational and career
Counselors. Among other things, he expressed
concern about the extent to which psychologists

*While this cha
016, Makel, Kell, Lubinski, Putallaz, & Benbow, 2016).

r———_—_v__—_—-

Three Crucial Dimensions for Students With Intellectual Gifts

relied too heavily on subjective assessment tools
(questionnaires and self-reports) for educational
and vocational counseling, and the neglect of objec-
tive appraisals of capability. Williamson’s (1965)
concern has intensified over time (Lubinski, 2010).
Williamson (1965) stressed that assessing feelings
and thinking were critical and merit commensurate
attention. Given the 50 years of longitudinal find-
ings on the importance of level and pattern of math-
ematical, spatial, and verbal abilities, a firm scientific
edifice of human intellectual capability is available
from which to build.? This is true for intellectually
talented students, as well as all students. What
better way to mark the 50-year anniversary of
Williamson (1965) than to reinstate his call to avoid
a “truncated form of vocational assessment” (p. 140).
Doing so not only underscores an important excep-
tion to the short half-life of psychological findings
(Cronbach, 1975) but, quite likely, Thurstone
(1952) would find this worthy of talking about.
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There is a long history of interest in the adjustment
of gifted children. Generally, two views have pre-
vailed. The first view is that gifted children as a
group are better adjusted than their typically devel-
oping peers, because they are capable of greater
understanding of self and others. Therefore, they
cope better with stress and conflicts. Many empiri-
cal studies support this view (Nethart, Pfeiffer, &
Cross, 2015). The second view is that gifted chil-
dren are more at-risk for psychological problems,
particularly during adolescence and adulthood,
because they are more sensitive to interpersonal
conflicts and experience greater degrees of alien-
ation and stress (Silverman, 2012). There is some
evidence to support this idea (e.g., Gross, 1993,
2006). Gifted children do have unique psychological
issues, but these do not arise from giftedness itself.
Rather, giftedness seems to add complexity to an
individual that can either enhance or interfere with
healthy adjustment, depending on several factors.
The aim of this chapter is to summarize the research
on these factors and describe practical implications
that have an evidence base,
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an interest in making the most of the nation’s talent
to further development of the country (Chan, 2010,
2012; Chua, 2014; Garces-Bacsal, 2013). Another
reason for investigating the psychological function-
ing of gifted children has been to support positive
adjustment. There has been growing awareness
since the 1980s that some adolescents with the
highest abilities struggle socially and emotionally

as they navigate the developmental trajectory from
ability to achievement and from high achievement
to elite performance. Psychological needs are the
foundation for well-being and achievement, and it is
possible to systematically strengthen the mental and
emotional competencies necessary for both through
targeted supports and intervention (Chua, 2014;
Ericsson, Charness, Feltovich, & Hoffman, 2006;
Neihart, 2015).

Differences in Global Perspectives

The values and priorities of various cultures are
reflected in conceptions of ability, self, well-being,
and achievement. Because many of the variables of
interest in psychology are social constructions, it is
not surprising that conceptions of ability, self, well-
being, parenting, teaching, and achievement vary
across cultures around the world. Children’s devel-
opment must be understood in its cultural context,
A thorough discussion of global perspectives is not
possible here but two illustrations of well-known
cultural differences in perspectives on ability and
on well-being are offered to demonstrate the wide
variations that can exist.
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