Intelligence 92 (2022) 101650

Contents lists available at ScienceDirect

Intelligence

o %

ELSEVIER

journal homepage: www.elsevier.com/locate/intell
Specific cognitive aptitudes and gifted samples e

Jonathan Wai™ ", Joni M. Lakin ™", Harrison J. Kell @~

2 Dept. of Education Reform and Dept. of Psychology, University of Arkansas, USA
b Dept. of Educational Studies, University of Alabama, USA
¢ Center for Education and Career Development, Educational Testing Service, USA

ARTICLE INFO ABSTRACT

Keywords:

Specific cognitive aptitudes
Gifted samples
Interdisciplinary research
Totality of evidence
Expertise development

This paper explores the way in which the literatures on gifted education and specific cognitive aptitudes can be
better integrated and inform one another to advance scientific knowledge. We first briefly review evidence
accumulated to date on specific cognitive aptitudes and gifted samples and then explore what might be usefully
investigated in the future. We consider measurement issues, value for applied uses of tests, specific cognitive
aptitudes beyond what has been focused on to date and conclude with a discussion surrounding cross-field
integration using the totality of evidence and consideration of policy. Continued research and better integra-
tion of research evidence across domains and translation to policy and practice might correspondingly improve

basic scientific understanding of cognitive aptitudes.

There are numerous theoretical paradigms and operationalizations
of what it means to be gifted or talented (for a review, see Subotnik,
Olszewski-Kubilius, & Worrell, 2011). However, the specific cognitive
aptitude framework (Carroll, 1993; Snow, 1990) is one reasonable,
measurement-focused way of operationalizing and intersecting the lit-
eratures of cognitive aptitudes and academic or intellectual giftedness.
Our definition of gifted focuses on students who have exceptional aca-
demic potential, particularly unusually high developed general
reasoning capacity (g) or exceptional performance on developed specific
cognitive aptitudes. Gifted students may also be defined by high current
achievement in one or more domains (i.e., eminence; Subotnik et al.,
2011). Paradigms of expertise development align well with this defini-
tion of giftedness (Simonton, 2001). We believe this approach accounts
for the totality of the evidence from cognitive aptitudes research that
should inform research on gifted students but is not widely appreciated
or understood within the field of gifted education.

Many practitioner definitions of giftedness assume that students will
have domains of particular expertise and patterns of strengths and
weaknesses in their cognitive and non-cognitive skills. Therefore, the
question of whether we can measure specific cognitive aptitudes in
gifted samples has pragmatic implications for the identification of stu-
dents with exceptional academic reasoning in K-12 schools as well as in
understanding potential for expertise development throughout the
educational and training spectrum. The findings on specific aptitudes
among highly intellectually able groups suggest that assessing these
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aptitudes adds to the predictive power for future academic and profes-
sional success, alongside general reasoning, and is worth further focus
and research.

In this paper, we briefly discuss what we know about specific
cognitive aptitudes in gifted samples and then consider what might be
fruitfully investigated in the future. We discuss measurement issues,
value for applied uses of tests, specific cognitive aptitudes beyond what
has been focused on to date, and conclude with a discussion surrounding
cross-field integration using the totality of evidence and consideration of
policy. Continued research and better integration of research evidence
across domains and translation to other areas might correspondingly
improve basic scientific understanding of cognitive aptitudes.

1. Specific cognitive aptitudes in gifted samples

Distinctions between potential and current achievement are made
throughout state, U.S. federal, and other definitions of student charac-
teristics that warrant gifted and talented educational programs (Rinn,
Mun, & Hodges, 2020). Beyond this general distinction between
cognitive aptitude and achievement, many programs serve students with
potential or developed achievements in specific academic domains and
are thus interested in specific cognitive aptitudes as predictors of future
achievement that help identify areas of strength or greater potential.
These educational programs are more consistent with models that
include diverse specific cognitive aptitudes (e.g., Cattell-Horn-Carroll
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[CHC]; g-verbal-perceptual-image rotation [g-VPR]; Johnson & Bou-
chard, 2005).

In alignment with this focus on domains of performance, many
programs use measures of Gf and specific domain achievement (quan-
titative knowledge, reading, and writing; Carroll, 1993) in their selec-
tion procedures (Brodersen, Brunner, & Missett, 2017). Narrower forms
of reasoning are sometimes used. Rarely are other broad factors from
multi-stratum models (e.g., CHC, g-VPR) assessed, such as short- and
long-term memory or processing capacities.

The distinction between current and potential high achievement is
aligned with investment theories of cognitive aptitudes (Ackerman &
Lakin, 2018). Snow (1990) framed the idea of an aptitude as “person-
situation reciprocity” (p. 252), or the individual's developed potential
for learning or action at a given developmental time point facilitated by
appropriate circumstances. Both investment and aptitude theories argue
that cognitive abilities are developed and malleable, up to a point,
through talent development opportunities such as education and
coaching (Lohman, 1993, 2005; Ritchie & Tucker-Drob, 2018; Subotnik
et al.,, 2011). However, their value for predicting future learning re-
quires alignment with the content or learning opportunity (Wee, 2018).

2. Which specific aptitudes?

The specific cognitive aptitudes with the most research supporting
their use in predicting future domain performance are verbal, mathe-
matical, and spatial reasoning (see Lubinski & Benbow, 2000 for an
integrated framework). Historically, Terman's (1925) longitudinal study
of gifted youths and the Study of Mathematically Precocious Youth
(SMPY; see Lubinski & Benbow, 2021 for a current summary of core
findings) have been important investigations of the gifted where stu-
dents have been followed throughout the lifespan (Lubinski, 2016).
Taken together, these studies illustrate that the specific cognitive apti-
tudes of verbal, mathematical, and spatial reasoning are each uniquely
important to educational, work, and life outcomes. The relative per-
formance of students in these cognitive aptitude domains predicts life
outcomes in ways that g does not. For example, individuals with higher
spatial and mathematical talents tend to gravitate towards educational,
occupational, and creative trajectories in math, computer science,
physics, and engineering disciplines, whereas individuals with higher
verbal talents tend to gravitate towards the arts and humanities (Kell,
Lubinski, Benbow, & Steiger, 2013; Wai, Lubinski, & Benbow, 2009).
Research has found this to be the case even for individuals with g scores
in the top 1% or higher, who are conceivably capable of excelling in any
domain of expertise. Even then, the area of particular strength is pre-
dictive of where their expertise develops.

The value of specific abilities is also supported by population-
representative longitudinal studies examining cognitive aptitudes
similar to those investigated among the gifted (Lakin & Wai, 2020; Wai,
2014). Both the level and pattern or “tilt” of specific cognitive aptitudes
matter for later life outcomes (Coyle, 2018, 2019; Kell et al., 2013; Park,
Lubinski, & Benbow, 2007). Tilt research generally relies on manifest
variables, not considering how measurement error affects individual
scores or contaminates the tilt estimate, which is simply the difference in
the observed scores for the specific aptitudes under study (Coyle &
Greiff, 2021). If anything, this makes the predictive validity of tilt even
more impressive. The correlation of tilt scores with outcomes might be
even higher if they excluded individuals “without tilt” (i.e., those whose
scores are not statistically different). Profiles research, which takes
measurement error into consideration, indicates there is useful variation
in the specific cognitive aptitude patterns of gifted students (Lohman,
Gambrell, & Lakin, 2008).

Practitioner value is also important. Schneider (2013) explained the
value that clinicians obtain from the nuances of group factors that go
beyond what g can offer. Clinicians want to understand differences in
performance or outcomes between individuals with similar overall
aptitude, and, therefore, Schneider (2013) argues for more research and
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effort to create assessments for group factors that are useful for these
purposes. Researchers and practitioners in education also seek similar
nuance. Whereas g predicts many general life outcomes (Brown, Wai, &
Chabris, 2021), including the level of expertise that individuals may
develop, it is not as effective in predicting which of many life outcomes
are likely (especially if they are similar in complexity) or in aligning
individuals to the most advantageous training or career pathway at a
particular developmental time point (Ackerman, 2018; Schneider &
Newman, 2015). Furthermore, prediction from g is far from perfect and
we can observe differences in outcomes, including among gifted stu-
dents, that may be explained further if we had more detailed informa-
tion about the wide array of students' specific aptitudes. In other words,
our lived experiences suggest there should be useful specific aptitudes
that guide individuals to develop specific areas of skills. If current tests
do not adequately predict those differences, then research should
endeavor to improve assessments to capture them, not abandon the
concept of specific cognitive aptitudes.

These lines of research converge to demonstrate that there is po-
tential to measure specific aptitudes in verbal, mathematical, and spatial
reasoning that matter (above and beyond g) in educational, vocational,
and life outcomes and thus should be accounted for throughout
development.

3. Future directions and recommendations

3.1. Conceptualizing and studying giftedness: implications of theory and
method

There is a long-standing tension between generality and specificity
when defining intellectual giftedness (e.g., Kaufman & Sternberg, 2008;
Silverman, 2009). We believe that this topic has been somewhat over-
looked, especially in light of newer models of cognitive aptitudes that
have arisen in the past 15 years. Despite their enduring antagonism,
these two ideas of giftedness are likely more inextricably tied together
than many realize.

A general definition of giftedness emphasizes scores on g or Gf
(which are frequently correlated at or near unity; Gustafsson, 1984;
Kvist & Gustafsson, 2008), with performance on latent specific abilities
merely serving as “indicators” to provide an estimate for the ultimate
construct of interest, general reasoning (Schmidt, 2012a, 2012b).
Domain-specific definitions of intellectual giftedness center on cognitive
aptitudes tied to specific content domains (e.g., quantitative, verbal,
visuospatial). The fact that scores on all aptitude tests are almost inev-
itably positively correlated might suggest that the distinction between
broad and narrow “types” of giftedness is trivial, but it is not. Empha-
sizing generality or specificity when defining intellectual giftedness can
sometimes lead to different individuals being classified as gifted and
talented or not.

Most fundamentally, despite the positive manifold, the average
correlation between test scores is “only” about 0.30 (Carroll, 1993) —
and it will tend to be lower among individuals on the precipice of being
identified as gifted, given that the general factor tends to account for less
variance among test scores among high scorers than low scorers (see the
later section on Spearman's Law of Diminishing Returns [SLODR]). This
degree of intercorrelation leaves substantial room for intraindividual
variation in standing on individual specific cognitive aptitudes. In other
words, many individuals could demonstrate exceptional potential in a
specific cognitive aptitude even if their general score is less impressive.
Moreover, there is also often substantial skew in the intellectual profiles
of gifted children, meaning they typically score quite a bit higher in one
domain (e.g., verbal) than another (e.g., mathematical) (Achter, Ben-
bow, & Lubinski, 1997; Achter, Lubinski, & Benbow, 1996; Lubinski &
Benbow, 2021). More broadly, using a population representative sam-
ple, Wai et al. (2009) found that 70% of individuals scoring in the top
1% in visuospatial reasoning did not score in the top 1% in quantitative
or verbal reasoning. Obviously, then, if giftedness is defined in terms of
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proficiency in a specific intellectual domain, but few specific intellectual
aptitudes are sampled by a test battery, it is likely that some gifted
children will be missed. For example, as has been noted many times
previously (e.g., Wai & Kell, 2017; Wai & Worrell, 2016), Terman's
(1925) study did not include future Nobel Prize winners Luis Alvarez
and William Shockley, likely because the single measure used to deter-
mine intellectual giftedness was the Stanford-Binet test, which is highly
loaded with verbal content. Had mathematical and/or visuospatial
content played a larger role in Terman's assessment, it is quite likely
these individuals — and perhaps others — would have been selected for
inclusion.

Whereas Terman was satisfied with using only a single test to esti-
mate individuals' general intellectual standing, decades of research have
shown that this approach is inadequate, and that many more tests (and
sampling multiple content domains; Lakin & Kell, 2020) are typically
needed to obtain an adequate estimate of general reasoning (e.g., Floyd,
Clark, & Shadish, 2008; Major, Johnson, & Bouchard Jr., 2011).
Attempting to estimate general reasoning from just one or two formats
(such as only administering the Raven's Progressive Matrices) may seem
consistent with a general (g-centric) conception of giftedness, but the
resulting scores will be a hodgepodge of variance due to whatever spe-
cific abilities those tests measure mixed with g itself; selection will, in
reality, be based on an ill-defined specific notion of giftedness, rather
than a general one. Inadequacies in a test battery could lead to in-
dividuals erroneously being rejected (or selected) based on a general
criterion of giftedness that is not relevant to the educational services
being offered.

Regardless of how general giftedness is ascertained (e.g., composite
of all test scores, latent variable modeling, principal component
extraction), it will ultimately be represented by some type of mean score
across all the tests comprising the assessment instrument (cf. van Bork,
Epskamp, Rhemtulla, Borsboom, & van der Maas, 2017). If there is
substantial skew in some test-takers' intellectual profiles (e.g., top 1% in
verbal reasoning, top 60% in mathematical reasoning) it is possible that
they will not qualify as “generally gifted” even if they qualify as gifted
within one or more given content domains, as their performance in one
domain could substantially drag down their overall, average score. The
issue is only further complicated when taking into consideration the fact
that the g-loadings of tests (which index the degree to which those tests
will contribute to the estimation of the general factor) can vary sub-
stantially across content domains and as a function of the composition of
the entire test battery, along with the characteristics of the sample
assessed (Johnson, 2018).

All of these nuances exist merely in the context of well-established,
factorial models of general and specific cognitive aptitudes. The two
major types of factorial models featuring both general and specific
reasoning are hierarchical, in that they feature different strata of
reasoning capacities (Mulaik & Quartetti, 1997; Yung, Thissen, &
McLeod, 1999).! Higher-order models feature a fundamental general
factor that causes variance in specific cognitive aptitudes and it is those
specific aptitudes that cause variance in performance on test items; the
general factor is inferred from the positive intercorrelations among the

1 Here, we treat factors and constructs as synonymous (cf. Royce, 1963), with
cognitive aptitudes being a variety of construct/factor. We ascribe them causal
status because we interpret them from a realist point of view (Haig & Evers,
2015), meaning that in this treatment we leave open the possibility that entities
could one day be discovered that correspond to the “promissory notes”
(Rozeboom, 1962) currently labeled simply “general aptitude” and “specific
aptitude”. The history of science shows that some classes of hypothesized en-
tities were eventually definitively discovered and observed (e.g., electron, gene)
while others were disconfirmed (e.g., miasma, phlogiston) (Kell, 2019).
Although we adopt a realist perspective on constructs in this article, other,
purely descriptive outlooks on constructs are equally viable (Fried, 2017; Jonas
& Markon, 2016; Kell, 2018; Slaney & Racine, 2013).
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specific factors. Nested-factor or bifactor models feature uncorrelated
general and specific aptitudes, both of which directly account for vari-
ance on tests. Although there are subtle differences in these models — not
the least of which being that psychological interpretation of the general
factor may differ among them (Benson, Beaujean, McGill, & Dom-
browski, 2018) - they nonetheless assume that both specific cognitive
aptitudes and a pervasive general reasoning capacity actually exist.
Several newer models (Kovacs & Conway, 2016; van der Maas et al.,
2006) — along with a refurbishment of a much older one (i.e., Thomson's
bonds; Bartholomew, Allerhand, & Deary, 2013) — deny the existence of
a psychological, causal general factor underlying the positive manifold.
Such theories often fit the statistical data equally as well as models
featuring a general factor (Kievit et al., 2017; Kievit, Hofman, & Nation,
2019), meaning that the ultimate arbiter among them will have to come
from outside the psychometric realm (Eysenck, 1997; Jensen, 1987;
Protzko & Colom, 2021).

Until the tension among these theories is resolved, gifted theorists
and practitioners must grapple with the implications of these non-g
theories. From the perspective of these theories, does it make psycho-
logical sense to hold general conceptions of giftedness? It is certainly
possible to compute “general intellectual” scores for individuals across
tests and use cut-scores on those measures to define and identify gift-
edness - but those scores are explicitly held in these newer traditions to
be formative, not reflective, in nature, and not representative of any
deeper reality. From this perspective, choosing gifted and talented in-
dividuals based on these scores would be roughly equivalent to choosing
“size gifted” people based on sums of their heights and weights (which
are correlated about 0.40 in the general population; Meyer et al., 2001).
Such composites have practical usefulness (as do indices of socioeco-
nomic status and country-level economic growth), but they do not refer
to any underlying scientific variable, which is often implicit in general
definitions of giftedness.

It is important to note that general and specific cognitive aptitudes
are inextricably intertwined, regardless of which conceptualization of
either cognitive aptitudes or giftedness is chosen. In the case of common
factorial models (e.g., higher-order, nested-factors), adequate estima-
tion of general reasoning requires many tests that sample multiple
cognitive aptitudes while in non-factorial models the general factor
emerges from the interactions of specific cognitive aptitudes. In both
cases, general reasoning cannot be accurately measured without also
properly measuring specific reasoning. There is a flip side to this coin,
however: Methodologically, it is possible to separate general and spe-
cific factors. Specific aptitude factors in bifactor models can be esti-
mated as partialled latent variables that are independent of the g
variance. In reality, however — whether performing everyday tasks,
creative endeavors, or taking cognitive assessments — performance itself
is manifest, not latent, and is influenced by both general and specific
cognitive aptitudes. From the perspective of higher-order models the
influence of g may be indirect, while from the perspective of nested-
factor models it may be direct, but that influence remains. In the dy-
namic flux of behavior, the influence of general and specific aptitudes
cannot be disentangled, making research with partialled g and specific
factors irrelevant for many applied purposes. As Schneider (2013) noted:
“We care about a sprinter's ability to run quickly, not residual sprinting
speed, after accounting for general athleticism” (p. 188). Similarly,
regardless of whether one holds a general or specific conception of
giftedness, the two definitions — at least implicitly — cannot be wholly
disentangled from one another, practically.

3.2. Spearman's Law of Diminishing Returns (SLODR)

As alluded to previously, gifted or high cognitive aptitude samples
are particularly well-suited to studying SLODR. SLODR holds that the
amount of variance in test scores that g accounts for decreases as the
aptitude level of the group being tested increases (Spearman, 1927; see
also, Detterman, 1991; MacKintosh, 2011). A meta-analysis of SLODR
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studies (Blum & Holling, 2017) found that SLODR was consistently
found as average ability increased in a sample, but this trend was
complicated by a growing influence of g developmentally, so that SLODR
effects were less pronounced in older respondents.

SLODR suggests that, among gifted samples, specific aptitudes may
show more predictive value relative to g than they would in a mixed
ability sample. Consistent with this expectation, many studies have
shown that specific aptitudes show more reliable profiles (patterns in
scores) in higher ability samples (Breit, Brunner, & Preckel, 2021). The
observation of SLODR also suggests that caution should be taken in
extrapolating studies of specific aptitudes from a gifted sample to the full
distribution. Gifted education researchers are often seeking measures of
new or alternative indicators of academic promise. Demonstrating a low
correlation between a new construct and g in a high aptitude sample
would not preclude a finding that the construct is heavily g saturated in
the full distribution.

Many methodological approaches to profiles, g saturation, and factor
structures have been found to lead to substantively and quantitatively
different results related to SLODR (Breit, Scherrer, & Preckel, 2021;
McGill, 2015). Some evidence against SLODR is hampered by a weak
range of measures of specific and general aptitudes as well as contrasting
just low/high aptitude groups (g., Arden & Plomin, 2007; Hartmann &
Reuter, 2006; Legree, Pifer, & Grafton, 1996). The temporal stability of
specific aptitude profiles among gifted children and decreasing g-load-
ings on aptitude tests as the average standing within a given sample
increases (Reynolds, 2013) have been taken as evidence supportive of
SLODR - while others have produced evidence suggesting that SLODR
may be a statistical artifact due to heteroscedastic error residuals
(Molenaar, Dolan, Wicherts, & van der Maas, 2010; Murray, Dixon, &
Johnson, 2013). At the very least, the impact of latent score distributions
and specific aptitude scores on the observation of SLODR is complex
(Sorjonen, Madison, & Melin, 2021).

When studies are done well, gifted samples represent “natural ex-
periments” that can be used to investigate SLODR more comprehen-
sively, given that over one third of the range in general reasoning scores
lies within the top 1% (Lubinski, 2009). If SLODR is a substantive phe-
nomenon, rather than a statistical artifact, it would be expected that g
would account for consistently less variance in specific aptitude scores
as one moves continuously up the general reasoning continuum - and,
accordingly, that the prevalence of extreme discrepancies in specific
cognitive aptitude profiles (cf. M. Lang, Matta, Parolin, Morrone, &
Pezzuti, 2019; Lohman et al., 2008) grows more common as assessment
moves from the “merely” gifted to the highly, exceptionally, and pro-
foundly gifted (Silverman, 2009). Other studies use continuous mea-
sures, but do not oversample in the gifted range to get adequate sample
sizes (such as studies based on normative samples; e.g., Reynolds, 2013;
Reynolds & Keith, 2007; Reynolds, Keith, & Beretvas, 2010).

To explore SLODR effectively, especially among highly gifted sam-
ples, assessments are needed that provide adequate measurement pre-
cision in the extreme right tail (e.g., within the top 1% or above). For
example, to generate samples of adequate size, the highest aptitude
group in Detterman and Daniel's (1989) study had a minimum IQ-
equivalent score of 122 — not as high as the typical cutscore for intel-
lectual giftedness (Silverman, 2009).

Measures of very high reasoning capacity are rare and difficult to
develop. A simpler solution relies on measuring cognitive aptitude with
achievement measures, including above-level testing in studies with
children up to their early teens. Above-level testing consists of admin-
istering a standardized cognitive assessment to individuals of younger
ages or earlier grade levels than the assessment is intended for (LeBeau,
Assouline, Mahatmya, & Lupkowski-Shoplik, 2020; Stanley, 1990). For
example, the participants in SMPY were identified in early adolescence
(11-13 years old) based on their scores on the SAT (Lubinski & Benbow,
2006). Administering such assessments allows for differentiating de-
grees of cognitive aptitude within the top 1% of g with greater precision,
and which would otherwise be obscured if a typical assessment was used
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to determine giftedness (Lubinski, 2009). Doing so would allow for
testing of SLODR within samples comprised of both the general popu-
lation (e.g., SAT-takers ages 16-18) and gifted populations (e.g., SAT-
takers ages 11-13), representing a fuller range of cognitive aptitude
than is typically present in many studies of SLODR.

3.3. Intellectual profiles: math, spatial, and verbal — and beyond

Another area for future research could extend the literature on
cognitive aptitude tilt and profiles in high aptitude groups. Much of the
specific aptitudes literature focuses on individually administered
reasoning tests, such as the Wechsler and Woodcock Johnson tests.
However, these studies focus on the full distribution, rather than gifted
samples. On the other hand, similar studies of gifted samples primarily
focus on reading and math achievement alone, because these are most
commonly available in educational testing. Survey programs, such as
Project TALENT, are widely used in this area of research because they
offer a greater breadth of measures and, therefore, potential specific
aptitudes that can be estimated. However, the selection of measures at
the time of testing from the Project TALENT dataset may make it chal-
lenging to extract broad cognitive aptitudes beyond Gc, Gf, and visuo-
spatial reasoning. Therefore, we are limited in studying the possible role
of short-term memory or other factors in directing the area of expertise
that develops.

Coyle (2018) called for, and, later, provided, a similar expansion of
tilt research to technical-academic or vocational-academic tilt (Coyle,
2019). However, tilt research is limited in that (1) it can only contrast
two specific aptitudes and (2) considers only manifest differences in test
scores. In contrast, score profiles can include many different specific
aptitudes and often takes into account the impact of measurement error
on the difference scores. Allowing for some individuals not to have tilt (i.
e., two scores that are statistically equivalent) could strengthen the
contrast of groups with meaningful tilt (Lohman et al., 2008). We would
like to see more research, especially with large samples and longitudinal
designs, study a wider range of aptitudes.

Another consideration for practitioners is what differences in broad
cognitive aptitudes have meaningful implications for outcomes
(Schneider, 2013). As mentioned earlier, tilt scores do not take into
account measurement error between scores, but even after using latent
variables or accounting for measurement error, such scores would not
necessarily yield tilt values that are practically meaningful or actionable
in every case. Further research is needed to explore potential thresholds
in tilt that are associated with differential outcomes.

3.4. Applied value of specific aptitudes beyond g among the gifted

One limitation in the specific cognitive aptitudes literature is the
reliability and validity of the measures of specific aptitudes. Many
individually administered cognitive reasoning tests use just two formats
to estimate the specific aptitude scores. Composite scores, of course, are
based on a large number of these specific aptitude measures, so it is not
surprising that they are more reliable due to larger numbers and a wider
variety of test items. The shared variance from a heterogeneous cogni-
tive battery should be a better measure of g than one that is skewed
towards one type of aptitude or content. Some of the research
attempting to explore specific versus general factors relies on single tests
(Wee, 2018), which is consistent with Spearman's (1927) original
conception of specific factors but does not accurately represent current
conceptions of specific aptitudes. Methodologists find that at least three
specific measures (item formats) are needed to average out the task
specific influences to measure a meaningful specific aptitude (Sii &
Beauducel, 2005). If the goal is to determine if there is a stratum of
capacities with broad application to a range of outcomes, a relatively
heterogeneous measure of the specific aptitude is needed as well.

The value of specific aptitudes above and beyond g has typically been
evaluated using hierarchical regression, regressing a given criterion (e.
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g., grades) first on g, with specific aptitude scores entered in the second
step. The appropriateness of this approach depends on the theoretical
model of cognitive aptitudes an investigator adopts, however, as the
variable(s) entered in the first step of a regression are presumed to have
causal priority over those entered in later steps (Cohen, Cohen, West, &
Aiken, 2003). As noted previously, higher-order models of cognitive
aptitudes posit that g is a source of variance in specific aptitudes, but
other models of cognitive aptitudes posit there is no causal relationship
among g and group factors (e.g., bifactor models) or that specific apti-
tudes are the cause of variance in a formative g factor (e.g., Process
Overlap Theory; Kovacs & Conway, 2016). If one of these perspectives is
adopted, incremental validity analysis is inappropriate, as not only will
variance shared between the criterion and g be attributed to g, so will
whatever variance is shared among specific aptitudes, g, and the crite-
rion (Kell & Lang, 2017; Lang, Kersting, Hiilsheger, & Lang, 2010).
When g is not presumed to causally influence group factors, alternative
methodologies must be adopted in order to accurately represent the
unique contributions of g and specific aptitudes to predicting a given
outcome. Depending upon the model an investigator adopts and the data
available, such methodologies include nested-factors modeling (Reeve,
2004), relative importance analysis (Lang & Kell, 2020), and psycho-
metric network analysis (Kan, van der Maas, & Levine, 2019).

Another recommendation is for scholars not to be stymied by the old
adage “not much more than g” (Ree & Earles, 1991) when investigating
practical outcomes (e.g., academic achievement, occupational perfor-
mance). Although few doubt the predictive value of g (cf. Richardson &
Norgate, 2015), the conclusion that group factors add nothing to pre-
diction beyond it is premature (e.g., Coyle & Greiff, 2021; Dipboye,
2007; Schneider & Newman, 2015). Indeed, evidence for meaningful
increments in validity beyond g has been accumulating for at least 15
years (e.g., Mount, Oh, & Burns, 2008; Reeve, 2004; Trippe, 2005;
Ziegler, Dietl, Danay, Vogel, & Biihner, 2011), with a recent meta-
analysis (Nye, Ma, & Wee, 2022) strongly supporting the usefulness of
specific aptitudes for forecasting job performance.

Where incremental validity analyses have often borne out the “not
much more than g” stance, application of alternative methodologies has
often resulted in very different findings. For instance, application of
dominance weights has shown that specific cognitive aptitudes inde-
pendent of g often account for meaningful variance in career success
(Lang & Kell, 2020), job performance (Lang et al., 2010), foreign lan-
guage learning (Stanhope & Surface, 2014), academic performance
(Wee, 2018), and performance in the U.S. Army (Lang & Bliese, 2012)
and Air Force (ALMamari & Traynor, 2021) — and sometimes account for
greater variance than g itself. Further, the assumption that a small
amount of incremental validity is not valuable is shortsighted, as even
small effects can cumulate over time and across large samples to
culminate to meaningful practical effects (Funder & Ozer, 2019; Kuncel,
Hezlett, & Ones, 2001; Roberts, Kuncel, Shiner, Caspi, & Goldberg,
2007). Nonetheless, such studies also suggest the existence of moder-
ating effects that influence the relative importance of g and group fac-
tors. For example, Lang et al. (2010) found that g was more important,
vis-a-vis specific aptitudes, for predicting performance in high rather
than low complexity jobs (the opposite of what might be predicted by
SLODR).

In light of these developments, we recommend that research into the
practical utility of specific aptitudes be continued, with more explicit
attention paid to the cognitive aptitude model adopted that guides the
investigation and appropriate alignment of the quantitative method(s)
used with that model. Acknowledging that, in some cases, group factors
can be as or more important than g does not imply that g is necessarily
unimportant — indeed, many of the investigations referenced that used
relative importance analyses found that g accounted for meaningful
variance in outcomes in addition to specific aptitudes. Rather than
artificially pitting g and specific aptitudes against each other when
predicting real-world outcomes, a more fruitful approach would be to
identify moderating conditions that consistently influence these factors'
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relative importance.

One intriguing “condition” that we urge investigating is the extent to
which specific cognitive aptitudes contribute to prediction above and
beyond g in the general population versus in intellectually gifted sam-
ples — and also samples that differ in their degrees of giftedness. Recent
research suggests that even using incremental validity analysis, specific
aptitudes can contribute meaningfully to the prediction of academic
achievement beyond g (McGill, 2015), although findings have not been
entirely consistent (McLarnon, Goffin, & Rothstein, 2018).? These
findings suggest that it may be inappropriate to generalize the philos-
ophy of “not much more than g” — even from an incremental validity
standpoint — to gifted samples, where the influence of SLODR may be
prevalent, weakening the influence of the general factor. We encourage
continued investigation of this topic, in addition to extending it to the
prediction of non-academic outcomes, such as job performance and
career success. Jobs that require strong cognitive reasoning will largely
be occupied by individuals high on g — and thus featuring a dispropor-
tionate number of gifted adults and favoring the effects of SLODR.”
These investigations would benefit from approaching the issue of the
practical value of general vis-a-vis specific aptitudes from multiple
methodological standpoints (e.g., incremental validity, nested-factors
modeling, relative importance analysis).

3.5. Gifted research can inform our understanding of specific aptitudes

Most of our future research directions have focused on how specific
aptitudes as studied in gifted samples can inform our broader under-
standing of abilities research. However, the context and way in which
gifted education researchers have studied specific aptitudes in deter-
mining appropriate placement in educational programming can also
potentially inform our understanding of specific aptitudes. For example,
one avenue of future research would be to include improved measures of
specific aptitudes into gifted education samples when services are
aligned to domain-specific expertise versus when the focus is general
academic development. We can then learn more about students'
response to instruction is more or less aligned to their areas of strengths.
Such research on the alignment of services and specific abilities will
allow us to understand how those aptitudes develop at the high end, and
that in turn might inform our understanding of the structure and func-
tioning of specific aptitudes in the right tail of the distribution. Gener-
alization to the full distribution might also be possible, although the
effect of SLODR may be to create greater distinctions between specific
abilities in gifted samples that may be blurred in other samples.

4. Conclusion

This commentary primarily sought to explore new ways in which the
rapidly developing research literature on specific cognitive aptitudes
can be leveraged to inform our understanding of gifted samples and
inform gifted education research as well as to provide recommendations

2 Part of this effect can be attributed to the fact that there is limited variance
in g in gifted samples, especially when a general conceptualization of giftedness
is held. However, if the population of interest truly is only intellectually gifted
individuals, scores on g are not range restricted, which is defined relative to the
given population of interest (Kell & Wai, 2019).

3 Lang et al.'s (2010) results do not support this hypothesis, as they found that
the relative importance of g vis-a-vis specific abilities was stronger among in-
cumbents in high complexity jobs. However, due to the nature of their dataset
they could only divide jobs into high, medium, and low complexity categories,
which may be too coarse to capture the potential effects of SLODR and impact
of large numbers of gifted incumbents. This is a fertile area for future research,
as two contrasting predictions firmly rooted in prior research and theory —
SLODR versus performance in high complexity jobs being heavily reliant on g
(Ackerman & Lakin, 2018; Farrell & McDaniel, 2001) — can be directly pitted
against each other.
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on future areas of research that would be fruitful at the intersection of
these two fields. The fields of gifted education research and cognitive
aptitudes research could benefit from each other, translating the basic
science of cognitive reasoning to its practical application to advanced
academic instruction (though, see Wai & Worrell, 2021 for discussion of
the challenges of integrating these fields). Of course, gifted samples are
just one field in which specific cognitive aptitudes research is useful, and
numerous other fields could also be informed by the cognitive aptitudes
literature, and in turn those fields might inform our understanding of
specific cognitive aptitudes in various contexts. Additionally, more
consideration of how the literature on specific cognitive aptitudes might
best inform issues of policy and practice would be worth considering (e.
g., for one take focused on education policy see Wai & Bailey, 2021),
such as the idea of expanding gifted identification to use measures of
spatial reasoning or other aptitudes (e.g., Kell & Lubinski, 2013; Lakin &
Wai, 2020; Wai & Lakin, 2020). Finally, the research on specific
cognitive aptitudes should consider multidisciplinary perspectives and
approaches (Lyall, 2019), which may help basic research translate more
effectively to problems of research, policy, or practice, where such ev-
idence is important as a starting point.

Funding Acknowledgment: The research reported here was in part
supported by the Institute of Education Sciences, U.S. Department of
Education, through grant R305A210428 to Joni M. Lakin at the Uni-
versity of Alabama and Jonathan Wai at the University of Arkansas. The
opinions expressed are those of the authors and do not represent views
of the Institute or the U.S. Department of Education.

References

Achter, J. A., Benbow, C. P., & Lubinski, D. (1997). Rethinking multipotentiality among
the intellectually gifted: A critical review and recommendations. The Gifted Child
Quarterly, 41(1), 5-15. https://doi.org/10.1177/001698629704100102

Achter, J. A., Lubinski, D., & Benbow, C. P. (1996). Multipotentiality among the
intellectually gifted:“ it was never there and already it’s vanishing.”. Journal of
Counseling Psychology, 43(1), 65. https://doi.org/10.1037/0022-0167.43.1.65

Ackerman, P. L. (2018). Intelligence-as-process, personality, interests, and intelligence-
as-knowledge: A framework for adult intellectual development. In D. P. Flanagan, &
E. M. McDonough (Eds.), Contemporary intellectual assessment: Theories, tests, and
issues (pp. 225-241). The Guilford Press.

Ackerman, P. L., & Lakin, J. M. (2018). Expertise and individual differences. In
S. L. Pfieffer (Ed.), Handbook of giftedness in children: Psycho-educational theory,
research, and best practices (2nd ed., pp. 65-80). Springer International Publishing.

ALMamari, K., & Traynor, A. (2021). The role of general and specific cognitive abilities in
predicting performance of three occupations: Evidence from bifactor models. Journal
of Intelligence, 9(3), 40. https://doi.org/10.3390/jintelligence9030040

Arden, R., & Plomin, R. (2007). Scant evidence for Spearman’s law of diminishing
returns in middle childhood. Personality and Individual Differences, 42(4), 743-753.
https://doi.org/10.1016/j.paid.2006.08.010

Bartholomew, D. J., Allerhand, M., & Deary, 1. J. (2013). Measuring mental capacity:
Thomson’s bonds model and Spearman’s g-model compared. Intelligence, 41(4),
222-233. https://doi.org/10.1016/j.intell.2013.03.007

Benson, N. F., Beaujean, A. A., McGill, R. J., & Dombrowski, S. C. (2018). Revisiting
Carroll’s survey of factor-analytic studies: Implications for the clinical assessment of
intelligence. Psychological Assessment, 30(8), 1028-1038. https://doi.org/10.1037/
pas0000556

Blum, D., & Holling, H. (2017). Spearman’s law of diminishing returns. A meta-analysis.
Intelligence, 65, 60-66. https://doi.org/10.1016/j.intell.2017.07.004

van Bork, R., Epskamp, S., Rhemtulla, M., Borsboom, D., & van der Maas, H. L. (2017).
What is the p-factor of psychopathology? Some risks of general factor modeling.
Theory & Psychology, 27(6), 759-773. https://doi.org/10.1177/0959354317737185

Breit, M., Brunner, M., & Preckel, F. (2021). Age and ability differentiation in children: A
review and empirical investigation. Developmental Psychology, 57(3), 325-346.
https://doi.org/10.1037/dev0001147

Breit, M., Scherrer, V., & Preckel, F. (2021). Temporal stability of specific ability scores
and intelligence profiles in high ability students. Intelligence, 86, Article 101538.

Brodersen, A. V., Brunner, M. M., & Missett, T. C. (2017). Traditional identification
instruments. In C. M. Callahan, & H. L. Hertberg-Davis (Eds.), Fundamentals of gifted
education (pp. 103-115). Routledge.

Brown, M. L., Wali, J., & Chabris, C. F. (2021). Can you ever be too smart for your own
good? Comparing linear and nonlinear effects of cognitive ability on life outcomes.
Perspectives on Psychological Science, 16(6), 1337-1359. https://doi.org/10.1177/
1745691620964122

Carroll, J. B. (1993). Human cognitive abilities: A survey of factor-analytic studies.
Cambridge University Press.

Cohen, J., Cohen, P., West, S. G., & Aiken, L. S. (2003). Applied multiple regression/
correlation analysis for the behavioral sciences (3rd ed.). Lawrence Erlbaum Associates.

Intelligence 92 (2022) 101650

Coyle, T. R. (2018). Non-g factors predict educational and occupational criteria: More
than g. Journal of Intelligence, 6(3), 43. https://doi.org/10.3390/
jintelligence6030043

Coyle, T. R. (2019). Tech tilt predicts jobs, college majors, and specific abilities: Support
for investment theories. Intelligence, 75, 33-40. https://doi.org/10.1016/j.
intell.2019.04.002

Coyle, T. R., & Greiff, S. (2021). The future of intelligence: The role of specific abilities.
Intelligence, 88, 1-5. https://doi.org/10.1016/j.intell.2021.101549

Detterman, D. K. (1991). Reply to Deary and Pagliari: Is g intelligence or stupidity?
Intelligence, 15(2), 251-255. https://doi.org/10.1016/0160-2896(91)90034-B

Detterman, D. K., & Daniel, M. H. (1989). Correlations of mental tests with each other
and with cognitive variables are highest for low IQ groups. Intelligence, 13(4),
349-359. https://doi.org/10.1016/50160-2896(89)80007-8

Dipboye, R. L. (2007). Eight outrageous statements about HR science. Human Resource
Management Review, 17(2), 96-106. https://doi.org/10.1016/j.hrmr.2007.04.001

Eysenck, H. J. (1997). Personality and experimental psychology: The unification of
psychology and the possibility of a paradigm. Journal of Personality and Social
Psychology, 73(6), 1224-1237. https://doi.org/10.1037/0022-3514.73.6.1224

Farrell, J. N., & McDaniel, M. A. (2001). The stability of validity coefficients over time:
Ackerman’s (1988) model and the general aptitude test battery. Journal of Applied
Psychology, 86(1), 60-79. https://doi.org/10.1037,/0021-9010.86.1.60

Floyd, R. G., Clark, M. H., & Shadish, W. R. (2008). The exchangeability of IQs:
Implications for professional psychology. Professional Psychology: Research and
Practice, 39(4), 414-423. https://doi.org/10.1037/0735-7028.39.4.414

Fried, E. I. (2017). What are psychological constructs? On the nature and statistical
modelling of emotions, intelligence, personality traits and mental disorders. Health
Psychology Review, 11(2), 130-134. https://doi.org/10.1080/
17437199.2017.1306718

Funder, D. C., & Ozer, D. J. (2019). Evaluating effect size in psychological research:
Sense and nonsense. Advances in Methods and Practices in Psychological Science, 2(2),
156-168. https://doi.org/10.1177/2515245919847202

Gustafsson, J. E. (1984). A unifying model for the structure of intellectual abilities.
Intelligence, 8(3), 179-203. https://doi.org/10.1016/0160-2896(84)90008-4

Haig, B. D., & Evers, C. W. (2015). Realist inquiry in social science. Sage.

Hartmann, P., & Reuter, M. (2006). Spearman’s “law of diminishing returns” tested with
two methods. Intelligence, 34(1), 47-62. https://doi.org/10.1016/j.
intell.2005.06.002

Jensen, A. R., & Witt, J. C. (1987). The g beyond factor analysis. In R. R. Ronning,

J. A. Glover, & J. C. Conoley (Eds.), The influence of cognitive psychology in testing (pp.
87-142). Erlbaum.

Johnson, W. (2018). A tempest in a ladle: The debate about the roles of general and
specific abilities in predicting important outcomes. Journal of Intelligence, 6(2), 24.
https://doi.org/10.3390/jintelligence6020024

Johnson, W., & Bouchard, T. J. (2005). The structure of human intelligence: It is verbal,
perceptual, and image rotation (VPR), not fluid and crystallized. Intelligence, 33(4),
393-416. https://doi.org/10.1016/j.intell.2004.12.002

Jonas, K. G., & Markon, K. E. (2016). A descriptivist approach to trait conceptualization
and inference. Psychological Review, 123(1), 90-96. https://doi.org/10.1037/
a0039542

Kan, K. J., van der Maas, H. L., & Levine, S. Z. (2019). Extending psychometric network
analysis: Empirical evidence against g in favor of mutualism? Intelligence, 73, 52-62.
https://doi.org/10.1016/j.intell.2018.12.004

Kaufman, S. B., & Sternberg, R. J. (2008). Conceptions of giftedness. In S. Pfeiffer (Ed.),
Handbook of giftedness in children: Psychoeducational theory, research, and best practices
(pp. 71-91). Plenum.

Kell, H. J. (2018). Unifying vocational psychology’s trait and social-cognitive
approaches. through the Cognitive-Affective Personality System. Review of General
Psychology, 22(3), 343-354. https://doi.org/10.1037/gpr0000146

Kell, H. J. (2019). Theoretical challenges for differentiating general and specific abilities.
In D. McFarland (Ed.), Handbook of general and specific abilities (pp. 228-252).
Cambridge Scholars Publishing.

Kell, H. J., & Lang, J. W. (2017). Specific abilities in the workplace: More important than
&? Journal of Intelligence, 5(2), 13. https://doi.org/10.3390/jintelligence5020013

Kell, H. J., & Lubinski, D. (2013). Spatial ability: A neglected talent in educational and
occupational settings. Roeper Review, 35(4), 219-230. https://doi.org/10.1080/
02783193.2013.829896

Kell, H. J., Lubinski, D., Benbow, C. P., & Steiger, J. H. (2013). Creativity and technical
innovation: Spatial ability’s unique role. Psychological Science, 24(9), 1831-1836.
https://doi.org/10.1177,/0956797613478615

Kell, H. J., & Wai, J. (2019). Right-tail range restriction: A lurking threat to detecting
associations between traits and skill among experts. Journal of Expertise, 2(4),
224-242,

Kievit, R. A., Hofman, A. D., & Nation, K. (2019). Mutualistic coupling between
vocabulary and reasoning in young children: A replication and extension of the study
by Kievit et al. (2017). Psychological Science, 30(8), 1245-1252. https://doi.org/
10.1177/0956797619841265

Kievit, R. A., Lindenberger, U., Goodyer, I. M., Jones, P. B., Fonagy, P.Bullmore, E. T., ...
(2017). Mutualistic coupling between vocabulary and reasoning supports cognitive
development during late adolescence and early adulthood. Psychological Science, 28
(10), 1419-1431. https://doi.org/10.1177/0956797617710785

Kovacs, K., & Conway, A. R. (2016). Process overlap theory: A unified account of the
general factor of intelligence. Psychological Inquiry, 27(3), 151-177. https://doi.org/
10.1080/1047840X.2016.1153946

Kuncel, N. R., Hezlett, S. A., & Ones, D. S. (2001). A comprehensive meta-analysis of the
predictive validity of the Graduate Record Examinations: Implications for graduate


https://doi.org/10.1177/001698629704100102
https://doi.org/10.1037/0022-0167.43.1.65
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0015
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0015
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0015
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0015
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0020
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0020
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0020
https://doi.org/10.3390/jintelligence9030040
https://doi.org/10.1016/j.paid.2006.08.010
https://doi.org/10.1016/j.intell.2013.03.007
https://doi.org/10.1037/pas0000556
https://doi.org/10.1037/pas0000556
https://doi.org/10.1016/j.intell.2017.07.004
https://doi.org/10.1177/0959354317737185
https://doi.org/10.1037/dev0001147
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0065
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0065
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0070
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0070
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0070
https://doi.org/10.1177/1745691620964122
https://doi.org/10.1177/1745691620964122
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0080
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0080
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0085
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0085
https://doi.org/10.3390/jintelligence6030043
https://doi.org/10.3390/jintelligence6030043
https://doi.org/10.1016/j.intell.2019.04.002
https://doi.org/10.1016/j.intell.2019.04.002
https://doi.org/10.1016/j.intell.2021.101549
https://doi.org/10.1016/0160-2896(91)90034-B
https://doi.org/10.1016/S0160-2896(89)80007-8
https://doi.org/10.1016/j.hrmr.2007.04.001
https://doi.org/10.1037/0022-3514.73.6.1224
https://doi.org/10.1037/0021-9010.86.1.60
https://doi.org/10.1037/0735-7028.39.4.414
https://doi.org/10.1080/17437199.2017.1306718
https://doi.org/10.1080/17437199.2017.1306718
https://doi.org/10.1177/2515245919847202
https://doi.org/10.1016/0160-2896(84)90008-4
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0150
https://doi.org/10.1016/j.intell.2005.06.002
https://doi.org/10.1016/j.intell.2005.06.002
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0160
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0160
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0160
https://doi.org/10.3390/jintelligence6020024
https://doi.org/10.1016/j.intell.2004.12.002
https://doi.org/10.1037/a0039542
https://doi.org/10.1037/a0039542
https://doi.org/10.1016/j.intell.2018.12.004
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0185
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0185
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0185
https://doi.org/10.1037/gpr0000146
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0195
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0195
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0195
https://doi.org/10.3390/jintelligence5020013
https://doi.org/10.1080/02783193.2013.829896
https://doi.org/10.1080/02783193.2013.829896
https://doi.org/10.1177/0956797613478615
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0215
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0215
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0215
https://doi.org/10.1177/0956797619841265
https://doi.org/10.1177/0956797619841265
https://doi.org/10.1177/0956797617710785
https://doi.org/10.1080/1047840X.2016.1153946
https://doi.org/10.1080/1047840X.2016.1153946

J. Wai et al.

student selection and performance. Psychological Bulletin, 127(1), 162-181. https://
doi.org/10.1037/0033-2909.127.1.162

Kvist, A. V., & Gustafsson, J. E. (2008). The relation between fluid intelligence and the
general factor as a function of cultural background: A test of Cattell’s Investment
theory. Intelligence, 36(5), 422-436. https://doi.org/10.1016/j.intell.2007.08.004

Lakin, J. M., & Kell, H. J. (2020). Intelligence and reasoning. In R. J. Sternberg (Ed.), The
Cambridge Handbook of intelligence (pp. 528-552). Cambridge University Press.
https://doi.org/10.1017/9781108770422.023.

Lakin, J. M., & Wali, J. (2020). Spatially gifted, academically inconvenienced: Spatially
talented students experience less academic engagement and more behavioral issues
than other talented students. British Journal of Educational Psychology, 90(4),
1015-1038. https://doi.org/10.1111/bjep.12343

Lang, J. W. B., & Bliese, P. D. (2012). I—0 psychology and progressive research programs
on intelligence. Industrial and Organizational Psychology, 5(2), 161-166. https://doi.
0rg/10.1111/j.1754-9434.2012.01423.x

Lang, J. W. B., & Kell, H. J. (2020). General mental ability and specific abilities: Their
relative importance for extrinsic career success. Journal of Applied Psychology, 105
(9), 1047-1061. https://doi.org/10.1037/apl0000472

Lang, J. W. B., Kersting, M., Hiilsheger, U. R., & Lang, J. (2010). General mental ability,
narrower cognitive abilities, and job performance: The perspective of the nested-
factors model of cognitive abilities. Personnel Psychology, 63(3), 595-640. https://
doi.org/10.1111/j.1744-6570.2010.01182.x

Lang, M., Matta, M., Parolin, L., Morrone, C., & Pezzuti, L. (2019). Cognitive profile of
intellectually gifted adults: Analyzing the Wechsler adult intelligence scale.
Assessment, 26(5), 929-943. https://doi.org/10.1177/1073191117733547

LeBeau, B., Assouline, S. G., Mahatmya, D., & Lupkowski-Shoplik, A. (2020).
Differentiating among high-achieving learners: A comparison of classical test theory
and item response theory on above-level testing. The Gifted Child Quarterly, 64(3),
219-237. https://doi.org/10.1177/0016986220924050

Legree, P. J., Pifer, M. E., & Grafton, F. C. (1996). Correlations among cognitive abilities
are lower for higher ability groups. Intelligence, 23(1), 45-57. https://doi.org/
10.1016/50160-2896(96)80005-5

Lohman, D. F. (1993). Teaching and testing to develop fluid abilities. Educational
Researcher, 22(7), 12-23. https://doi.org/10.3102/0013189X022007012

Lohman, D. F. (2005). Identifying academically talented minority students. In The
National Research Center on the Gifted and Talented. https://files.eric.ed.gov/fulltext/
ED505376.pdf.

Lohman, D. F., Gambrell, J., & Lakin, J. (2008). The commonality of extreme
discrepancies in the ability profiles of academically gifted students. Psychology
Science, 50(2), 269-282.

Lubinski, D. (2009). Exceptional cognitive ability: The phenotype. Behavior Genetics, 39
(4), 350-358. https://doi.org/10.1007/510519-009-9273-0

Lubinski, D. (2016). From Terman to today: A century of findings on intellectual
precocity. Review of Educational Research, 86(4), 900-944. https://doi.org/10.3102/
0034654316675476

Lubinski, D., & Benbow, C. P. (2000). States of excellence. American Psychologist, 55(1),
137-150. https://doi.org/10.1037/0003-066X.55.1.137

Lubinski, D., & Benbow, C. P. (2006). Study of Mathematically Precocious Youth after 35
years: Uncovering antecedents for the development of math-science expertise.
Perspectives on Psychological Science, 1(4), 316-345. https://doi.org/10.1111/§.1745-
6916.2006.00019.x

Lubinski, D., & Benbow, C. P. (2021). Intellectual precocity: What have we learned since
Terman? The Gifted Child Quarterly, 65(1), 3-28. https://doi.org/10.1177/
0016986220925447

Lyall, C. (2019). Being an interdisciplinary academic: How institutions shape university
careers. Palgrave Macmillan.

van der Maas, H. L., Dolan, C. V., Grasman, R. P., Wicherts, J. M., Huizenga, H. M., &
Raijmakers, M. E. (2006). A dynamical model of general intelligence: the positive
manifold of intelligence by mutualism. Psychological Review, 113(4), 842. https://
doi.org/10.1037/0033-295X.113.4.842

Mackintosh, N. (2011). IQ and human intelligence ((2nd ed.).). Oxford University Press.

Major, J. T., Johnson, W., & Bouchard, T. J., Jr. (2011). The dependability of the general
factor of intelligence: Why small, single-factor models do not adequately represent g.
Intelligence, 39(5), 418-433. https://doi.org/10.1016/j.intell.2011.07.002

McGill, R. J. (2015). Spearman’s Law of Diminishing Returns (SLODR): Examining
effects at the level of prediction. Journal of Psychology and Behavioral Science, 3(1),
24-36. https://doi.org/10.15640/jpbs.v3nla3

McLarnon, M. J., Goffin, R. D., & Rothstein, M. G. (2018). Differentiation of cognitive
abilities and the Medical College Admission Test. Personality and Individual
Differences, 123, 50-55. https://doi.org/10.1016/j.paid.2017.11.005

Meyer, G. J., Finn, S. E., Eyde, L. D., Kay, G. G., Moreland, K. L., Dies, R. R., ...

Reed, G. M. (2001). Psychological testing and psychological assessment: A review of
evidence and issues. American Psychologist, 56(2), 128-165. https://doi.org/
10.1037/0003-066X.56.2.128

Molenaar, D., Dolan, C. V., Wicherts, J. M., & van der Maas, H. L. (2010). Modeling
differentiation of cognitive abilities within the higher-order factor model using
moderated factor analysis. Intelligence, 38(6), 611-624. https://doi.org/10.1016/j.
intell.2010.09.002

Mount, M. K., Oh, L. S., & Burns, M. (2008). Incremental validity of perceptual speed and
accuracy over general mental ability. Personnel Psychology, 61(1), 113-139. https://
doi.org/10.1111/j.1744-6570.2008.00107.x

Mulaik, S. A., & Quartetti, D. A. (1997). First order or higher order general factor?
Structural Equation Modeling: A Multidisciplinary Journal, 4(3), 193-211. https://doi.
0rg/10.1080/10705519709540071

Intelligence 92 (2022) 101650

Murray, A. L., Dixon, H., & Johnson, W. (2013). Spearman’s law of diminishing returns:
A statistical artifact? Intelligence, 41(5), 439-451. https://doi.org/10.1016/j.
intell.2013.06.007

Nye, C. D., Ma, J., & Wee, S. (2022). Cognitive ability and job performance: Meta-
analytic evidence for the validity of narrow cognitive abilities. Journal of Business
and Psychology, 1-21. https://doi.org/10.1007/510869-022-09796-1

Park, G., Lubinski, D., & Benbow, C. P. (2007). Contrasting intellectual patterns predict
creativity in the arts and sciences: tracking intellectually precocious youth over 25
years. Psychological Science, 18(11), 948-952. https://doi.org/10.1111/j.1467-
9280.2007.02007.x

Protzko, J., & Colom, R. (2021). Testing the structure of human cognitive ability using
evidence obtained from the impact of brain lesions over abilities. Intelligence, 89
(101), 581. https://doi.org/10.1016/j.intell.2021.101581

Ree, M. J., & Earles, J. A. (1991). Predicting training success: Not much more than g.
Personnel Psychology, 44(2), 321-332. https://doi.org/10.1111/j.1744-6570.1991.
tb00961.x

Reeve, C. L. (2004). Differential ability antecedents of general and specific dimensions of
declarative knowledge: More than g. Intelligence, 32(6), 621-652. https://doi.org/
10.1016/j.intell.2004.07.006

Reynolds, M. R. (2013). Interpreting the g loadings of intelligence test composite scores
in light of Spearman’s law of diminishing returns. School Psychology Quarterly, 28(1),
63-76. https://doi.org/10.1037/spq0000013

Reynolds, M. R., & Keith, T. Z. (2007). Spearman’s law of diminishing returns in
hierarchical models of intelligence for children and adolescents. Intelligence, 35(3),
267-281. https://doi.org/10.1016/j.intell.2006.08.002

Reynolds, M. R., Keith, T. Z., & Beretvas, S. N. (2010). Use of factor mixture modeling to
capture Spearman’s law of diminishing returns. Intelligence, 38(2), 231-241. https://
doi.org/10.1016/j.intell.2010.01.002

Richardson, K., & Norgate, S. H. (2015). Does IQ really predict job performance? Applied
Developmental Science, 19(3), 153-169. https://doi.org/10.1080/
10888691.2014.983635

Rinn, A. N., Mun, R. U., & Hodges, J. (2020). 2018-2019 State of the States in Gifted
Education. National Association for Gifted Children and the Council of State Directors
of Programs for the Gifted. https://www.nagc.org/2018-2019-state-states-gifted-
education.

Ritchie, S. J., & Tucker-Drob, E. M. (2018). How much does education improve
intelligence? A meta-analysis. Psychological Science, 29(8), 1358-1369. https://doi.
org/10.1177/0956797618774253

Roberts, B. W., Kuncel, N. R., Shiner, R., Caspi, A., & Goldberg, L. R. (2007). The power
of personality: The comparative validity of personality traits, socioeconomic status,
and cognitive ability for predicting important life outcomes. Perspectives on
Psychological Science, 2(4), 313-345. https://doi.org/10.1111/j.1745-
6916.2007.00047.x

Royce, J. R. (1963). Factors as theoretical constructs. American Psychologist, 18(8),
522-528. https://doi.org/10.1037/h0044493

Rozeboom, W. W. (1962). The factual content of theoretical concepts. In H. Feigl, &

G. Maxwell (Eds.), 3. Minnesota studies in the philosophy of science (pp. 257-273).
University of Minnesota Press.

Schmidt, F. L. (2012a). Cognitive tests used in selection can have content validity as well
as criterion validity: A broader research review and implications for practice.
International Journal of Selection and Assessment, 20(1), 1-13. https://doi.org/
10.1111/j.1468-2389.2012.00573.x

Schmidt, F. L. (2012b). Content validity and cognitive Tests: Response to Kehoe (2012),
Ployhart (2012), and Sackett (2012). International Journal of Selection and Assessment,
20(1), 28-35. https://doi.org/10.1111/§.1468-2389.2012.00577.x

Schneider, W. J. (2013). What if we took our models seriously? Estimating latent scores
in individuals. Journal of Psychoeducational Assessment, 31(2), 186-201. https://doi.
org/10.1177/0734282913478046

Schneider, W. J., & Newman, D. A. (2015). Intelligence is multidimensional: Theoretical
review and implications of specific cognitive abilities. Human Resource Management
Review, 25(1), 12-27. https://doi.org/10.1016/j.hrmr.2014.09.004

Silverman, L. K. (2009). The measurement of giftedness. In L. V. Shavinina (Ed.),
International handbook on giftedness (pp. 947-970). Springer Science and Business
Media.

Simonton, D. K. (2001). Talent development as a multidimensional, multiplicative, and
dynamic process. Current Directions in Psychological Science, 10(2), 39-43. https://
doi.org/10.1111/1467-8721.00110

Slaney, K. L., & Racine, T. P. (2013). What’s in a name? Psychology’s ever evasive
construct. New Ideas in Psychology, 31(1), 4-12. https://doi.org/10.1016/j.
newideapsych.2011.02.003

Snow, R. E. (1990). The concept of aptitude. In R. E. Snow, & D. E. Wiley (Eds.),
Improving inquiry in social science: A volume in honor of Lee J. Cronbach: Lawrence
Erlbaum Associates.

Sorjonen, K., Madison, G., & Melin, B. (2021). Diminishing returns as a function of the
association between within-individual average performance and variance. Heliyon, 7
(5), Article e06989. https://doi.org/10.1016/j.heliyon.2021.e06989

Spearman, C. (1927). The abilities of man: Their nature and measurement. Macmillan.

Stanhope, D. S., & Surface, E. A. (2014). Examining the incremental validity and relative
importance of specific cognitive abilities in a training context. Journal of Personnel
Psychology, 13(3), 146-156. https://doi.org/10.1027/1866-5888/a000116

Stanley, J. C. (1990). Leta Hollingworth’s contributions to above-level testing of the
gifted. Roeper Review, 12(3), 166-171. https://doi.org/10.1080/
02783199009553264

Subotnik, R. F., Olszewski-Kubilius, P., & Worrell, F. C. (2011). Rethinking giftedness and
gifted education: A proposed direction forward based on psychological science.


https://doi.org/10.1037/0033-2909.127.1.162
https://doi.org/10.1037/0033-2909.127.1.162
https://doi.org/10.1016/j.intell.2007.08.004
https://doi.org/10.1017/9781108770422.023
https://doi.org/10.1111/bjep.12343
https://doi.org/10.1111/j.1754-9434.2012.01423.x
https://doi.org/10.1111/j.1754-9434.2012.01423.x
https://doi.org/10.1037/apl0000472
https://doi.org/10.1111/j.1744-6570.2010.01182.x
https://doi.org/10.1111/j.1744-6570.2010.01182.x
https://doi.org/10.1177/1073191117733547
https://doi.org/10.1177/0016986220924050
https://doi.org/10.1016/S0160-2896(96)80005-5
https://doi.org/10.1016/S0160-2896(96)80005-5
https://doi.org/10.3102/0013189X022007012
https://files.eric.ed.gov/fulltext/ED505376.pdf
https://files.eric.ed.gov/fulltext/ED505376.pdf
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0300
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0300
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0300
https://doi.org/10.1007/s10519-009-9273-0
https://doi.org/10.3102/0034654316675476
https://doi.org/10.3102/0034654316675476
https://doi.org/10.1037/0003-066X.55.1.137
https://doi.org/10.1111/j.1745-6916.2006.00019.x
https://doi.org/10.1111/j.1745-6916.2006.00019.x
https://doi.org/10.1177/0016986220925447
https://doi.org/10.1177/0016986220925447
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0330
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0330
https://doi.org/10.1037/0033-295X.113.4.842
https://doi.org/10.1037/0033-295X.113.4.842
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0340
https://doi.org/10.1016/j.intell.2011.07.002
https://doi.org/10.15640/jpbs.v3n1a3
https://doi.org/10.1016/j.paid.2017.11.005
https://doi.org/10.1037/0003-066X.56.2.128
https://doi.org/10.1037/0003-066X.56.2.128
https://doi.org/10.1016/j.intell.2010.09.002
https://doi.org/10.1016/j.intell.2010.09.002
https://doi.org/10.1111/j.1744-6570.2008.00107.x
https://doi.org/10.1111/j.1744-6570.2008.00107.x
https://doi.org/10.1080/10705519709540071
https://doi.org/10.1080/10705519709540071
https://doi.org/10.1016/j.intell.2013.06.007
https://doi.org/10.1016/j.intell.2013.06.007
https://doi.org/10.1007/s10869-022-09796-1
https://doi.org/10.1111/j.1467-9280.2007.02007.x
https://doi.org/10.1111/j.1467-9280.2007.02007.x
https://doi.org/10.1016/j.intell.2021.101581
https://doi.org/10.1111/j.1744-6570.1991.tb00961.x
https://doi.org/10.1111/j.1744-6570.1991.tb00961.x
https://doi.org/10.1016/j.intell.2004.07.006
https://doi.org/10.1016/j.intell.2004.07.006
https://doi.org/10.1037/spq0000013
https://doi.org/10.1016/j.intell.2006.08.002
https://doi.org/10.1016/j.intell.2010.01.002
https://doi.org/10.1016/j.intell.2010.01.002
https://doi.org/10.1080/10888691.2014.983635
https://doi.org/10.1080/10888691.2014.983635
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0430
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0430
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0430
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0430
https://doi.org/10.1177/0956797618774253
https://doi.org/10.1177/0956797618774253
https://doi.org/10.1111/j.1745-6916.2007.00047.x
https://doi.org/10.1111/j.1745-6916.2007.00047.x
https://doi.org/10.1037/h0044493
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0450
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0450
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0450
https://doi.org/10.1111/j.1468-2389.2012.00573.x
https://doi.org/10.1111/j.1468-2389.2012.00573.x
https://doi.org/10.1111/j.1468-2389.2012.00577.x
https://doi.org/10.1177/0734282913478046
https://doi.org/10.1177/0734282913478046
https://doi.org/10.1016/j.hrmr.2014.09.004
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0475
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0475
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0475
https://doi.org/10.1111/1467-8721.00110
https://doi.org/10.1111/1467-8721.00110
https://doi.org/10.1016/j.newideapsych.2011.02.003
https://doi.org/10.1016/j.newideapsych.2011.02.003
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0490
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0490
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0490
https://doi.org/10.1016/j.heliyon.2021.e06989
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0500
https://doi.org/10.1027/1866-5888/a000116
https://doi.org/10.1080/02783199009553264
https://doi.org/10.1080/02783199009553264

J. Wai et al.

Psychological Science in the Public Interest, 12(1), 3-54. https://doi.org/10.1177/
1529100611418056

SiiB, H.-M., & Beauducel, A. (2005). Faceted models of intelligence. In O. Wilhelm, &
R. W. Engle (Eds.), Handbook of measuring and understanding intelligence (pp.
313-332). Sage.

Terman, L. M. (1925). Mental and physical traits of a thousand gifted children. Genetic
studies of genius. (Volume 1) Stanford University Press.

Trippe, D. M. (2005). Reexamining the role of general cognitive ability and specific abilities in
the prediction of job performance using a construct-oriented approach: Not much more
than g? [Unpublished doctoral dissertation]. Virginia Polytechnic Institute and State
University.

Wai, J. (2014). Experts are born, then made: Combining prospective and retrospective
longitudinal data shows that cognitive ability matters. Intelligence, 45, 74-80.
https://doi.org/10.1016/j.intell.2013.08.009

Wai, J., & Bailey, D. H. (2021). How intelligence research can inform education and
public policy. In A. K. Barbey, S. Karama, & R. J. Haier (Eds.), The Cambridge
handbook of intelligence and cognitive neuroscience (pp. 434-447). Cambridge
University Press. https://doi.org/10.1017/9781108635462.028.

Wai, J., & Kell, H. J. (2017). What innovations have we already lost?: The importance of
identifying and developing spatial talent. In Visual-spatial ability in STEM education (pp.
109-124). Cham: Springer.

Wai, J., & Lakin, J. M. (2020). Finding the missing Einsteins: Expanding the breath of
cognitive and noncognitive measures used in academic services. Contemporary

Intelligence 92 (2022) 101650

Educational Psychology, 63(101), 920. https://doi.org/10.1016/j.
cedpsych.2020.101920

Wai, J., Lubinski, D., & Benbow, C. P. (2009). Spatial ability for STEM domains: Aligning
over 50 years of cumulative psychological knowledge solidifies its importance.
Journal of Educational Psychology, 101(4), 817-835. https://doi.org/10.1037/
a0016127

Wai, J., & Worrell, F. C. (2016). Helping disadvantaged and spatially talented students
fulfill their potential: Related and neglected national resources. Policy Insights From
the Behavioral and Brain Sciences, 3(1), 122-128. https://doi.org/10.1177/
2372732215621310

Wai, J., & Worrell, F. C. (2021). The future of intelligence research and gifted education.
Intelligence, 87(101), 546. https://doi.org/10.1016/j.intell.2021.101546

Wee, S. (2018). Aligning predictor-criterion bandwidths: Specific abilities as predictors
of specific performance. Journal of Intelligence, 6(3), 40. https://doi.org/10.3390/
jintelligence6030040

Yung, Y. F., Thissen, D., & McLeod, L. D. (1999). On the relationship between the higher-
order factor model and the hierarchical factor model. Psychometrika, 64(2), 113-128.
https://doi.org/10.1007/BF02294531

Ziegler, M., Dietl, E., Danay, E., Vogel, M., & Biihner, M. (2011). Predicting training
success with general mental ability, specific ability tests, and (Un) structured
interviews: A meta-analysis with unique samples. International Journal of Selection
and Assessment, 19(2), 170-182. https://doi.org/10.1111/7.1468-2389.2011.00544.
X


https://doi.org/10.1177/1529100611418056
https://doi.org/10.1177/1529100611418056
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0525
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0525
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0525
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0530
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0530
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0535
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0535
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0535
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0535
https://doi.org/10.1016/j.intell.2013.08.009
https://doi.org/10.1017/9781108635462.028
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0550
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0550
http://refhub.elsevier.com/S0160-2896(22)00031-9/rf0550
https://doi.org/10.1016/j.cedpsych.2020.101920
https://doi.org/10.1016/j.cedpsych.2020.101920
https://doi.org/10.1037/a0016127
https://doi.org/10.1037/a0016127
https://doi.org/10.1177/2372732215621310
https://doi.org/10.1177/2372732215621310
https://doi.org/10.1016/j.intell.2021.101546
https://doi.org/10.3390/jintelligence6030040
https://doi.org/10.3390/jintelligence6030040
https://doi.org/10.1007/BF02294531
https://doi.org/10.1111/j.1468-2389.2011.00544.x
https://doi.org/10.1111/j.1468-2389.2011.00544.x

	Specific cognitive aptitudes and gifted samples
	1 Specific cognitive aptitudes in gifted samples
	2 Which specific aptitudes?
	3 Future directions and recommendations
	3.1 Conceptualizing and studying giftedness: implications of theory and method
	3.2 Spearman's Law of Diminishing Returns (SLODR)
	3.3 Intellectual profiles: math, spatial, and verbal – and beyond
	3.4 Applied value of specific aptitudes beyond g among the gifted
	3.5 Gifted research can inform our understanding of specific aptitudes

	4 Conclusion
	References


