
Will the Real Theoretical Structure of the WISC-V Please Stand Up?
Implications for Clinical Interpretation

Stefan C. Dombrowski1 & Ryan J. McGill2 & Marley W. Watkins3 & Gary L. Canivez4 & Alison E. Pritchard5
&

Lisa A. Jacobson5

Accepted: 11 February 2021 /Published online: 8 April 2021

Abstract
The Wechsler Intelligence Scale for Children’s (WISC) factorial\theoretical structure has undergone numerous substantive
changes since it was first developed, and each of these changes has subsequently been questioned by assessment experts.
Given remaining questions about the structure of the latest revision, the WISC-V, the present study used three different explor-
atory factor analytic techniques to investigate the factor structure of the 10 primary subtests in a large clinical sample (N = 5359).
Results revealed that the WISC-V likely contains four factors (e.g., Gc, Gwm, Gs, and either Gv (via exploratory bifactor
analysis) or a complexly determined perceptual reasoning factor (via the Schmid-Leiman procedure and oblique/higher-order
factor analysis)), not the five factors proposed by the test publisher. Variance apportionment and omega estimates indicate that
only secondary interpretive emphasis should be placed upon group factors, but only when there is structural validity support. This
study suggests that the WISC-V measures four, not five, factors, although the four-factor configuration may be different than
previously reported in the technical literature.
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The factor structure of an intelligence test, or, for that matter,
any psychological assessment instrument, has important im-
plications for psychologists, assessment trainers, and re-
searchers as they seek to better understand how a test should
be interpreted in clinical practice. Evaluating an instrument’s
structural validity is also important because the results from
such analyses provide the statistical rationale for the scores
that are developed for that measure (Brunner et al., 2012).
On a theoretical level, factor analytic results are necessary
for determining whether an instrument is linked to the theory
it purports to measure and have been critical in the evolution

of intelligence theory (McGill & Dombrowski, 2019;
Schneider &McGrew, 2018). It is important to note that struc-
tural validity is necessary, but singularly insufficient for estab-
lishing broader construct validity for test scores that are
furnished by the test publisher. Stated another way, it is a
necessary first step for construct validation, though contradic-
tory evidence discovered at this stage makes it difficult to
conclusively establish other important forms of construct va-
lidity (e.g., predictive validity, diagnostic validity, treatment
utility; Keith & Kranzler, 1999).

The theoretical structure of theWechsler Intelligence Scale for
Children (WISC; Wechsler, 1949) has demonstrated consider-
able lability since its initial derivation from the Wechsler-
Bellevue Intelligence Scale (Wechsler, 1946) over 75 years
ago. For instance, the WISC-III (Wechsler, 1991) purported to
measure three strata of abilities including g, verbal and perfor-
mance IQs, and four additional factorially derived composite
scores: Verbal Comprehension Index (VCI), Perceptual
Organization Index (POI), Freedom from Distractibility Index
(FDI), and Processing Speed Index (PSI). The WISC-IV
(Wechsler, 2003) eliminated the verbal and performance IQs as
well as the FDI and claimed to measure a general factor in addi-
tion to verbal abilities, perceptual reasoning, working memory
(essentially a renamed version of the FDI), and processing speed.
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However, in a 2013 special issue of the Journal of
Psychoeducational Assessment dedicated to understanding the
latent structure of the WISC-IV, Weiss et al. (2013) reexamined
the WISC-IV normative data and concluded that a five-factor
model more consistent with Cattell-Horn-Carroll (CHC) abilities
provided a better fit to the data than the publisher-preferred mod-
el. In that same issue, Canivez and Kush (2013) questioned the
value of that model due to miniscule improvements in statistical
fit when compared to the four-factor model, and evidence of
potential model misspecification in the form of a perfectly redun-
dant second-order loading between fluid reasoning and general
intelligence. The results also suggested that identification of fluid
reasoning was only possible through the specification of an in-
termediary factor (Induction), further complicating clinical inter-
pretation as this indictor appears to have been created to improve
resulting fit statistics and is not available to users of the WISC-
IV. Despite these concerns, the results furnished by Weiss et al.
(2013) appear to have been influential for the subsequent revision
of the instrument to match the CHC theory.

The most recent rendition, the Wechsler Intelligence Scale
for Children–Fifth Edition (WISC-V; Wechsler, 2014), was
developed to measure five Cattell-Horn-Carroll (CHC;
Schneider & McGrew, 2018) abilities: crystalized ability
(Gc), fluid reasoning (Gf), visual-spatial ability (Gv), working
memory (Gwm), and processing speed (Gs). The most conse-
quential and controversial change to the theoretical structure
of the test was the decision to split the former PRI into
standalone fluid reasoning (Gf) and visual-spatial (Gv) factors.
Of note, the test publisher relied primarily on the 16-subtest
full-test battery to determine the instrument’s structure, even
though it can be argued that the 10-subtest battery is more
frequently administered in clinical practice settings (Benson
et al., 2019; Oakland et al., 2016), and should have been
investigated independent of the 16-subtest battery. Fit statis-
tics for the publisher-preferred model for 10-subtest configu-
ration are reported in the Technical and Interpretive Manual
(Wechsler, 2014); however, no rival models were explored.
Additionally, the standardized coefficient between fluid rea-
soning (FR) and g reported in Figure 5.2 (p. 84) approaches
unity (.99), suggesting that the discriminant validity between
those constructs is likely questionable, and that the FR factor
may be empirically redundant (Brown, 2015).

Although linkage with theory is laudable, the theoretical
structure of an instrument requires empirical validation rather
than simple extrapolation from a battery with more numerous
subtests, especially when the broader 16-subtest battery’s the-
oretical structure has been questioned (Dombrowski, McGill
& Morgan, 2019). Exploratory factor analytic techniques are
worthwhile for this purpose as they let the data speak for
themselves, furnish more complete information about the in-
terrelationship among variables and latent constructs that may
better reflect reality than confirmatory factor analytic models
constrained by identification, and may better avoid errors in

scientific decision-making such as confirmation bias (Horn,
1989). Of course, the ultimate arbiter of a final, validated
theoretical structure is replication across samples (i.e., clinical
and standardization samples) using multiple methods and
models of factor analysis (Gorsuch, 1983). When multiple
methods of factor analysis converge, then we can be more
confident in a derived theoretical model and resulting scoring
structure for an instrument.

Few, if any, studies investigating theWISC-V factor structure
have furnished empirical support for the publisher-proposed five-
factor theoretical structure (see Dombrowski et al., 2020 for a
psychometric meta-analysis). Instead, independent studies eval-
uating (and focusing primarily on) the 16-subtest full battery,
whether on the US-based standardization sample (e.g.,
Beaujean, 2016; Canivez & Watkins, 2016; Canivez et al.,
2016, 2017; Dombrowski et al., 2015, Dombrowski, Beaujean
at al., 2019) international standardization samples (e.g., Canivez
et al., 2019; Watkins et al., 2018; Lecerf & Canivez, 2017), or
simulated samples (e.g., Dombrowski et al., 2019), have sug-
gested that the WISC-V measures four factors reminiscent of
the WISC-IV ((e.g., Gc, Gwm, Gs, and perceptual reasoning
(PR; fusion ofGf/Gv subtests)). The only structural validity study
to date that has supported a five-factor CHC structure was that
offered by Reynolds and Keith (2017) who investigated the 16-
subtest full battery, and engaged in a series of model adjustments
(~17) to arrive at their final, adopted model. This model was
subsequently criticized in the scientific literature (e.g., Canivez,
Mcgill, Dombrowski et al., 2020; Dombrowski, McGill et al.,
2021) as lacking a practical basis for proper use and interpretation
by psychologists.

Although the 10 primary WISC-V subtest battery is likely
more frequently administered than the full battery (Benson
et al., 2019; Oakland et al., 2016), only a few studies to date have
investigated the theoretical structure of the 10 primary subtest
battery, with two using the standardization sample (e.g.,
Canivez & Watkins, 2016; Dombrowsk, Canivez et al., 2017)
and one using a clinical sample (Canivez, McGill, Dombrowski
et al., 2020). Additionally, Graves et al. (2020) andDombrowski,
Watkins et al. (2021) used a clinical sample, but the emphasis of
that study was on the invariance of the scoring structure of the
instrument that did not consider the general factor. The study by
Canivez, McGill, Dombrowski et al. (2020) reported a four-
factor structure reminiscent of the prior WISC-IV (e.g., PR, Gc,
Gwm, and Gs). Using the standardization sample, Dombrowski,
Canivez et al., (2017) partitioned the 10 primary subtest battery
into four age ranges (6 to 8; 9 to 11; 12 to 14; and 15 to 16), and
found support for the five-factor CHC structure at ages 15 to 16,
but not ages 6 to 14 (four factors found). Thus, the majority of
studies on the 10 subtest primary battery provide support for a
four-factor WISC-V theoretical structure, though questions still
remain about the primary battery’s linkage with theory.

To date, most of the studies have focused on the 16-subtest
primary and secondary battery, offering different four-factor
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and five-factor configurations, with only the four-factor
WISC-IV theoretical model having any evidence of replica-
tion. Few studies have focused exclusively on the 10 primary
subtest battery, the battery most commonly used by re-
searchers and practicing psychologists. Evidence from the test
publisher for a five-factor theoretical structure for the 10 pri-
mary subtest battery is underdeveloped. As noted by Cattell
(1978), it should not be assumed that the constructs located by
a more complex measurement model (i.e., the 16-subtest bat-
tery) will automatically be located by a more parsimonious
model (i.e., the 10-subtest battery). While the test publisher
used confirmatory factor analysis and investigated their pre-
ferred five-factor model (model 5e in the technical manual;
Wechsler, 2014, p,84), no comparisons were made to any
plausible competing models; instead, the test publisher pro-
vided evidence for the final, adopted model solely by looking
at the magnitude of fit indexes, a practice not entirely support-
ed in the structural equation modeling literature (Kline, 2016).
In fact, the Technical and Interpretive Manual devoted only
115 words, less than this article’s abstract word count, to sub-
stantiate the theoretical structure of the WISC-V 10-subtest
primary battery (see below).

The model selected to represent the WISC-V test struc-
ture (Model 5e) was fitted to the ten primary subtests for
the entire age range. At this stage, the issue being inves-
tigated no longer concerned the number of factors
influencing subtests. Rather, this analysis addressed
how well the identified factors account for the intercor-
relations among the reduced set of primary subtests.
Goodness-of-fit results are shown in Table 5.4, and
Fig. 5.2 presents the subtest and factor loadings. Fit is
excellent, and the loadings are similar to those from the
analysis of all primary and secondary subtests. These
results support the effectiveness of this five-factor mod-
el in accounting for the subtest intercorrelations
(Wechsler 2014, p. 84).

Furthermore, the isomorphism observed between fluid rea-
soning and g (i.e., .99) suggests that the model may be over-
factored as evinced in numerousWISC-IV andWISC-V studies.
In sum, the limited amount of evidentiary support furnished by
the test publisher and available in the extant literature suggests
that our understanding of the theoretical structure of the 10 pri-
mary subtest WISC-V battery remains incomplete.

To address this evidentiary lacuna, the purpose of this
study was to investigate the theoretical structure of the
WISC-V 10 primary subtest battery using a large clinical sam-
ple and three different exploratory factor analytic (EFA)
modeling techniques: (a) a direct hierarchical solution via ex-
ploratory bifactor analysis (EBFA; Jennrich & Bentler, 2011);
(b) a higher-order solution via common factor analysis
(Gorsuch, 1983; Thurstone, 1947); and (c) a transformation

of the higher-order solution via the Schmid-Leiman (SL)
Orthogonalization procedure (Schmid & Leiman, 1957).

Multiple exploratory techniqueswere utilized in the present
study given the remaining questions about the theoretical
structure of the 10-subtest battery and the bifactor vs.
higher-order model debate in the assessment literature (i.e.,
Beaujean, 2015b; Dombrowski, McGill & Morgan, 2019;
Dombrowski, McGill et al., 2020). It is beyond the scope of
the present discussion to fully adjudicate this debate; instead,
our primary purpose was to attempt to ascertain whether the
publisher-preferred five-factor CHC model was able to be
replicated in the 10 primary subtest battery using a clinical
sample and recommended EFA methods. It is important to
acknowledge that when multiple methods of factor analysis
converge then we can be more confident in a derived factor
structure (Gorsuch, 1983). The results of this study portend to
shed additional insight into the theoretical structure of the
WISC-V 10 primary subtest battery via the use of several
exploratory modeling techniques and a clinical sample that
is more than double the size of the standardization sample.
These results are not just important for the theoretical musings
of researchers in the academy. They have direct relevance for
how the WISC-V should be scored and interpreted both di-
rectly and via various methods of interpretation such as cross
battery assessment and patterns of strengths and weaknesses
analysis required in many states.

Method

Participants

A total of 5359 children between the ages of 6 and 16 years
were administered the WISC-V as part of clinical assessments
through a large, outpatient pediatric psychology/
neuropsychology clinic within a children’s specialty hospital.
Deidentified data were retrieved from the electronic medical
record for participants whose assessments included the 10
primary WISC-V subtests. The study was approved by the
hospital’s Institutional Review Board. Table 1 presents demo-
graphic characteristics of the total clinical sample. As shown,
the sample was primarily composed of White/Caucasian and
Black/African American youths. The participants’ ages
ranged from 6.0 to 16.93 years and averaged 10.69 years
(SD = 2.74 years). Table 2 shows that three diagnostic groups
(ADHD, 47.6%; anxiety, 11.6%; and encephalopathy, e.g.,
non-traumatic diffuse brain dysfunction; 10.1%) comprised
just over two-thirds of the sample. Table 3 shows that the
sample, compared with the US standardization sample, was
slightly below average in subtest and composite scores as is
typical in clinical samples. All subtests and composite scores
showed univariate normal distributions with no appreciable
skewness or kurtosis.
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Procedure and Analyses

All analyses were conducted using either SPSS Version 25 or
the R Statistical programming Environment (R Development
Core Team, 2020) featuring the psych (Revelle, 2012) pack-
age for factor extraction and the GPArotation (Bernaards &
Jennrich, 2005) package for rotation. First, the target correla-
tion matrix created from the raw data was examined for its
adequacy for factor analysis using Bartlett’s test of sphericity
(Bartlett, 1954) and the Kaiser-Meyer-Olkin (KMO; Kaiser,
1974) criteria. Second, the number of factors to extract was
examined by conducting the minimum average partial (MAP;
Velicer, 1976) test, parallel analysis (PA; Horn, 1965) using
both the mean and 95th percentile criteria, and the Bayesian
Information Criteria (BIC). Third, the factors were extracted
using principal axis factoring. For exploratory bifactor analy-
sis, an orthogonal bigeomin rotation (Jennrich & Bentler,
2011) was applied to the extracted solution. This was conduct-
ed in R using the FindBifactor.orth syntax furnished by
Loehlin and Beaujean (2016). The higher-order solution was
obtained using SPSS through principal axis factoring with a
promax rotation. For the SL solution, the principal axis
promax-rotated solution was subsequently transformed via
the Schmid-Leiman orthogonalization procedure using the
SPSS syntax provided by Wolff and Preising (2005).
Watkins’ Omega (2013) program was used to provide esti-
mates for various indices of interpretive relevance (e.g., H,
ω) and percentage of uncontaminated correlations.

Results

WISC-V Exploratory Factor Analysis

The Kaiser-Meyer-Olkin Measure of Sampling Adequacy of
.911 far exceeded the minimum standard of .60 (Kaiser, 1974;
Kline, 1994; Tabachnick & Fidell, 2007) and Bartlett’s Test of

Table 1 Demographic
characteristics of the clinical
sample

Sex

Race/ethnicity N Percent Female Male Unknown

White 2865 53.50% 885 1764 216

Black 1513 28.20% 443 940 130

Multi-racial 376 7.00% 117 257 2

Unknown/other 209 3.90% 40 100 69

Asian 191 3.60% 54 108 29

Hispanic/Spanish origin 190 3.50% 57 132 1

American Indian/Alaskan native 12 0.20% 5 7 0

Native Hawaiian or Pacific Islander 3 0.10% 1 0 1

Total 5359 1602 3308 448

Percent 100.00% 29.90% 61.70% 8.40%

Table 2 Diagnostic categories of the clinical sample

ICD-10 diagnosis N Percent

ADHD/ADD 2552 47.6%

Encephalopathy 620 11.6%

Anxiety 539 10.1%

Adjustment disorder 213 4.0%

Behavior disorder 213 4.0%

Epilepsy 140 2.6%

Mood disorder 133 2.5%

Congenital anomaly 112 2.1%

Genetic condition 112 2.1%

Frontal lobe deficit 100 1.9%

Disorder of the nervous system 76 1.4%

Major depression 69 1.3%

Brain/spine injury 43 0.8%

Neoplasm/tumor 40 0.7%

Hearing loss 38 0.7%

Leukemia 38 0.7%

Unknown 37 0.7%

Other depressive disorder 30 0.6%

Autism spectrum disorder 25 0.5%

Cancer (not brain/nervous system) 23 0.4%

Emotional disturbance 16 0.3%

Expressive/receptive language disorder 13 0.2%

Fetal alcohol syndrome 13 0.2%

Bipolar disorder 11 0.2%

Other mental/psychological disorder 11 0.2%

Reading/learning disability 11 0.2%

Tic/Tourette’s disorder 11 0.2%

MISC medical/psychiatric conditions 120 2.2%

Total 5359 100.0%

Note. ICD, International Classification of Diseases, tenth edition; ADD,
attention-deficit disorder; ADHD, attention-deficit/hyperactivity disorder
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Sphericity (X2 = 29,505.12, p < .000; Bartlett, 1954) indicated
that the WISC-V correlation matrix was not random.
Therefore, the correlation matrix was deemed appropriate for
factor analysis. The correlation matrix was extracted and ex-
amined using three different modeling procedures. For com-
parison purposes, all three models (i.e., higher-order, SL, and
bifactor) used principal axis factor extraction and then applied
either a promax or bigeomin (i.e., bifactor) rotation. The
Schmid-Leiman orthogonalization procedure was applied to
principal axis/promax-rotated factors.

Factor Extraction Criteria The number of factors to extract and
rotate was determined by both empirical and theoretical con-
siderations. The MAP criterion indicated extracting a single
factor, while the BIC and PA (50th & 95th percentile) sug-
gested four group factors. Although no index supported
extracting five group factors, the results from such a solution
were examined since that is the number of group factors indi-
cated by theWISC-V publisher, likely ofmost interest to users
of the instrument in clinical practice, and it was suggested that
it is better to overextract than underextract (Wood, Tataryn, &
Gorsuch, 1996) to examine performance of small factors.

Exploratory Bifactor Analysis Principal axis factoring followed
by an orthogonal bigeomin rotation was applied to the WISC-
V clinical sample (Table 4). Four and five factors were

extracted, rotated, and examined. Extracting five factors re-
vealed four interpretable group factors (Gc,Gv,Gwm, andGs)
and a fifth factor containing no salient loadings. This sug-
gested over-factoring. Figure weights (FW) and matrix rea-
soning (MR) did not saliently load on any group factor and
only loaded on the general factor. Extracting four factors re-
vealed the same four interpretable group factors and loading
patterns that were theoretically consistent except for the two
hypothesized Gf subtests (MR and FW).

Schmid-Leiman Orthogonalization Principal axis factoring
with a promax rotation followed by the SL orthogonalization
procedure was the second method used to examine the theo-
retical structure of theWISC-V clinical sample (Table 4). Four
and five factors were extracted, rotated, and examined.
Extracting five factors revealed four interpretable group fac-
tors (PR, Gc, Gwm, and Gs) and one singlet, non-viable, fifth
factor that was loaded by matrix reasoning. MR also cross-
loaded on PR. Extracting four factors revealed four well-
defined group factors (PR,Gc,Gwm, andGs) with the desired
simple structure that resulted in the Gf and Gv subtests coa-
lescing into a PR group factor.

Higher-Order Principal Axis Factoring Four and five factors
were extracted and examined using principal axis factoring
followed by an oblique promax rotation (Table 4).
Extracting five factors yielded four interpretable factors (PR,
Gc, Gwm, and Gs) and one single subtest factor (MR cross-
loaded on a fifth untenable factor and the PR factor). Such
observations are symptoms of overextraction (Gorsuch,
2003). On the contrary, extracting four factors revealed four
viable factors (PR, Gc, Gwm, and Gs) and a subtest loading
pattern similar to the SL orthogonalization.

Sources of Variance and Indices of Interpretive Relevance
Examination of explained common variance (ECV) and ex-
plained total variance (ETV) across the four-factor EBFA and
SL solutions revealed the dominance of the general factor
(ECV = .73 and .71 for EBFA and SL, respectively; ETV =
.49 and .46, respectively; see Table 4). This exceeded the
variance apportioned to group factors (ECV range = .05–.11
and .06–.09 for EBFA and SL, respectively; ETV range =
.03–.07 and .04–.06, respectively) by multiples in excess of
10 in most cases. Model-based reliability estimates (ωH and
ωHS) and construct reliability or construct replicability coeffi-
cients (H) indicated that while the broad g factor permits con-
fident individual interpretation (EBFAωH = .87, SLωH = .85),
the ωHS and H estimates for the four WISC-V group factors
were low (see Table 3) and limited for standalone clinical
interpretation purposes (Brunner et al., 2012; Hancock &
Mueller, 2001; Reise, 2012; Rodriguez et al., 2016). The
PUC (.80) across both models was also suggestive of the
dominance of the general factor and indicated that primary

Table 3 Descriptive statistics for the WISC-V clinical sample

Total Sample (N = 5,359)

Subtest/
Composite

M SD Skewness Kurtosis

Subtests

Block Design 8.69 3.33 0.12 -0.17

Similarities 9.14 3.30 -0.02 -0.07

Matrix Reasoning 9.02 3.38 0.08 -0.10

Digit Span 7.96 3.10 0.11 0.07

Coding 7.57 3.33 -0.03 -0.37

Vocabulary 8.99 3.56 0.06 -0.53

Figure Weights 9.52 3.12 -0.03 -0.28

Visual Puzzles 9.58 3.29 -0.04 -0.43

Picture Span 8.55 3.12 0.14 -0.16

Symbol Search 8.21 3.23 0.00 0.03

Composites

VCI 94.96 17.41 -0.04 -0.18

VSI 95.15 17.23 0.08 -0.06

FRI 95.80 16.77 0.02 -0.37

WMI 89.94 15.82 0.14 -0.13

PSI 88.10 17.10 -0.15 0.03

FSIQ 91.03 17.27 -0.00 0.04
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interpretive evidence should be placed upon theWISC-V gen-
eral factor.

Discussion

Throughout its history, the theoretical/factor structure of the
WISC has vacillated from edition to edition. Given its

popularity within clinical practice, this lack of consistency
has important implications for use of the WISC for high-
stakes clinical applications such as identification of specific
learning disorders and intellectual disability (Dombrowski,
2015, 2020a). For the WISC-V, the publisher proposed a
five-factor higher-order theoretical structure (e.g., Gc, Gf,
Gv, Gwm, & Gs) linked to CHC theory. This linkage to a
theory of cognitive ability is laudable; however, the accuracy

Table 4 EBFA, Schmid-Leiman, and Higher Order Loading Patterns

Four Factor Extraction

EBFA Bigeomin (Orthogonal) Schmid-Leiman Orthogonalization Higher-Order Factor Factor Analysis

g Gv Gc Gs Gwm h2 g PR Gc Gs Gwm h2 g* PR Gc Gs Gwm h2

VP .77 .45 -.01 -.01 -.02 .80 VP .76 .44 .03 .00 -.06 .77 VP .80 .89 .06 .00 -.09 .75

BD .74 .35 -.07 .02 -.03 .68 BD .72 .43 -.02 .02 -.04 .70 BD .76 .86 -.03 .04 -.05 .69

FW .74 .17 .01 -.03 -.03 .58 MR .67 .33 -.04 .00 .14 .57 MR .73 .68 -.07 .00 .19 .59

MR .80 .04 -.21 -.04 -.06 .68 FW .69 .31 .07 -.01 .04 .58 FW .74 .63 .13 -.02 .05 .58

VC .74 .01 .45 -.02 .08 .76 VC .78 -.01 .52 .01 -.02 .87 VC .78 -.03 .96 .02 -.02 .87

SI .74 -.05 .41 -.04 -.02 .72 SI .70 .07 .35 -.01 .06 .62 SI .73 .13 .64 -.02 .09 .64

CD .53 -.03 -.03 .60 .04 .63 CD .63 -.02 -.01 .48 .02 .62 CD .61 -.03 -.02 .81 .03 .64

SS .57 .04 .00 .58 .02 .65 SS .67 .03 .01 .46 -.02 .67 SS .65 .05 .02 .78 -.03 .65

PS .60 -.02 .02 .15 .48 .61 DS .61 .00 .02 -.01 .60 .73 DS .73 -.01 .03 -.02 .85 .74

DS .69 -.11 .09 .09 .24 .56 PS .57 .03 .04 .10 .31 .43 PS .63 .07 .08 .17 .43 .44

ECV .73 .06 .06 .11 .05 ECV .71 .09 .06 .07 .07 Group factor loadings on g: PR = .87;

ETV .49 .04 .04 .07 .03 ETV .46 .06 .04 .04 .05 Gc = .84; Gs = .81; Gwm = .71

ωH /ωHS .87 .09 .21 .42 .17 ωH /ωHS .85 .19 .22 .27 .27

H .91 .30 .31 .52 .27 H .90 .41 .34 .36 .40

PUC .80 PUC .80

Five Factor Extraction

EBFA Bigeomin (Orthogonal) Schmid-Leiman Orthogonalization Higher-Order Factor Factor Analysis

g Gv Gc Gs Gwm ? h2 g PR Gc Gs Gwm ? h2 g* PR Gc Gs Gwm ? h2

VP .79 .38 .00 -.01 -.03 .04 .76 VP .79 .42 .02 -.01 .01 -.04 .79 VP .80 .90 .03 -.01 .02 -.06 .80

BD .76 .36 -.07 .01 -.03 -.05 .71 BD .75 .36 -.02 .03 .01 .04 .69 BD .76 .78 -.03 .04 .01 .06 .68

FW .75 .12 .01 -.04 -.04 .20 .63 FW .72 .24 .10 .00 .00 .12 .60 FW .74 .52 .19 .00 .00 .16 .58

MR .78 .06 -.16 -.03 -.04 .02 .64 MR .74 .24 -.03 .00 .01 .34 .72 MR .74 .52 -.05 .00 .01 .46 .68

VC .73 .00 .47 .00 .10 .03 .76 SI .71 .01 .49 .01 -.06 .03 .76 SI .74 .02 .87 .01 -.09 .04 .73

SI .73 -.07 .43 -.04 -.02 -.03 .73 VC .71 .02 .46 -.01 .06 -.08 .73 VC .77 .05 .82 -.01 .09 -.10 .76

CD .53 -.04 -.03 .60 .04 .02 .64 SS .66 .03 .02 .49 -.01 -.02 .68 SS .65 .05 .03 .80 -.02 -.03 .67

SS .57 .03 .00 .57 .02 -.04 .65 CD .61 -.01 -.01 .49 .02 .01 .61 CD .60 -.03 -.02 .79 .03 .02 .62

PS .60 -.03 .02 .15 .47 .01 .60 PS .55 .02 -.02 .02 .53 -.03 .58 PS .64 .04 -.04 .02 .77 -.05 .57

DS .70 -.15 .08 .09 .25 -.05 .60 DS .64 .00 .12 .03 .33 .09 .54 DS .71 -.01 .22 .04 .48 .13 .59

ECV .73 .05 .07 .11 .04 .01 ECV .71 .06 .07 .07 .06 .02 Group factor loadings on g: PR = .89;

ETV .49 .03 .04 .07 .03 .01 ETV .48 .04 .05 .05 .04 .01 Gc = .83; Gs = .78; Gwm = .72; ? = .67

ωH /ωHS .87 .07 .23 .42 .17 -- ωH /ωHS .86 .13 .26 .29 .25 --

H .91 .25 .34 .51 .26 -- H .91 .33 .37 .39 .34 --

PUC .80 PUC .80

Note. WISC–V Subtests: SI, Similarities; VO, Vocabulary; BD, Block Design; VP, Visual Puzzles; MR, Matrix Reasoning; FW, Figure Weights; DS,
Digit Span; PS, Picture Span; CD, Coding; SS, Symbol Search; PR, Perceptual Reasoning; Gc, Crystallized Ability; Gs, Processing Speed; Gwm,
Working Memory; Gv, Visual-Spatial; h2, Communality; ECV, Explained Common Variance; ETV, Explained Total Variance; ωH /ωHS, Omega-
Hierarchical/Omega-Hiearchical Subscale; H, Construct reliability or replicability index; PUC, Percentage of Uncontaminated Correlations; EBFA,
Exploratory Bifactor Analysis; g*, reflects the first unrotated factor loadings for the principal axis factoring results
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of its linkage with theory may be readily tested via factor
analysis. Although the WISC-V 10 subtest primarily battery
is arguably the most frequently administered battery the world
over, its theoretical/factor structure has not been fully investi-
gated by the test publisher and within the literature. An inabil-
ity to replicate posited findings suggests concern with
attempting to apply the scoring structure implied by that mea-
surement model (Lilienfeld, 2018).

The results of this large clinical replication study suggest
that the publisher-proposed five-factor theoretical alignment
with CHC theory is not entirely supported. This is one of the
few consistently replicated findings in the assessment litera-
ture featuring the WISC-V 16 subtest primary and secondary
battery. This study suggests that this finding may be extended
to the 10 subtest primary battery as well. Instead, the results
suggest an alternative four-factor structure with a slightly dif-
ferent factor composition depending upon the model used
(i.e., higher-order and SL vs. EBFA). The use of the SL pro-
cedure and a higher-order factor analysis indicated that the
WISC-V contains a factor structure similar to the prior
WISC-IV (e.g.,Gc, Gs, and Gwm with the Gf and Gv subtests
fused into a fourth PR factor). The similarity in results be-
tween the SL and the higher-order model is not surprising
because the SL is derived from the higher-order model
(Carroll, 1993) and uses a few additional quantitative steps
to partition the variance independently attributable to g and
group factors (Schmid & Leiman, 1957; Wolff & Preising,
2005). Put simply, it represents a statistical transformation of
the higher-order model for the purpose of variance
partitioning.1 On the other hand, EBFA, a true exploratory
bifactor model (Jennrich & Bentler, 2011), demonstrated that
the WISC-V is a four-factor instrument comprising four of the
five factors proposed by the publisher (Gc,Gv,Gwm, andGs).
There was one notable difference between EBFA and the SL
models. With EBFA, both of the Gf subtests saliently loaded
only on the general factor but not on any group factor. Among
extant WISC-V factor analytic studies, this finding is particu-
larly unique. Research studies on other cognitive ability in-
struments (e.g., Dombrowski et al., 2018) and other editions
of the WISC (e.g., WISC-IV; Golay et al., 2013) have simi-
larly found that the Gf subtests are isomorphic, and possibly
empirically redundant, with the general factor.

Regardless of whether the fourth factor is a combined Gf/
Gv (i.e., PR) orGv factor, whether one ascribes to a bifactor or
higher-order measurement conceptualization of intelligence,
whether the 16-subtest full battery or 10 primary subtest bat-
tery is investigated, or whether an extant study has used an

exploratory or confirmatory factor analytic technique, nearly
all independent research studies using the WISC-V standard-
ization and clinical samples have suggested that the WISC-V
is a four-factor instrument with a factor structure similar to the
WISC-IV. A recent simulation that modeled the structure of
the WISC-V across 1000 replications (Dombrowski, McGill
& Morgan, 2019) also supported this result. Even so, the fact
that new plausible measurement models continue to be iden-
tified for the WISC-V almost 6 years after its publication
illustrate well the danger in relying on the publisher’s promot-
ed model or any one particular structural validity study as it
relates to how an instrument should be interpreted
(Dombrowski, 2020b). As noted by Beaujean (2015a), it
may very well take several years and many studies before
there is any consensus as to what a test actually measures.

From a practical, interpretive perspective, it is also impor-
tant to consider other metrics of interpretability. Inspection of
omega estimates, explained common variance (ECV), ex-
plained total variance (ETV), and H suggest that there is in-
sufficient group factor variance to overlook interpretation of
the general factor in favor of group factors. This is a consistent
finding regardless of whether a bifactor model (e.g., EBFA) or
the hierarchical SL model was used to extract and examine the
underlying factors.

If one were to insist upon interpreting group factors as
proposed by the test publisher, then there appears to be theo-
retical alignment of subtests on the Gc, Gwm, and Gs factors,
and perhaps the Gv factor (i.e., via EBFA), but not the Gf
factor for the 10 primary subtest battery. As previously men-
tioned, identification issues have been noted for the Gf con-
struct since it was specified post hoc on the WISC-IV (i.e.,
Weiss et al., 2013). In only two extant independent studies do
we find evidence for subtest alignment of matrix reasoning
and figure weights on the Gf factor (e.g., Dombrowski,
Canivez et al., 2017; Reynolds & Keith, 2017). However,
Dombrowski, Canivez et al. (2017) found this alignment for
only one of the four age ranges (i.e., age 15 to 16) but not for
the remaining age ranges (i.e., 6 to 8; 9 to 11; 12 to 14) when
looking at the 10 primary subtest battery. It is unknown why
this difference in factor structure occurred only at this age
range. In a CFA investigation looking at the WISC-V full-test
battery, Reynolds and Keith engaged in an extensive number
of model adjustments to arrive at their final, validated model.
For instance, this entailed having the Arithmetic subtest load
on both the working memory factor and the second-order
general factor. Additionally, Reynolds and Keith correlated
the disturbance between the Gv and Gf group factors.
Although circumspect post hoc model adjusting may be sup-
ported in some cases (e.g., Byrne, 2005), it has been
questioned by other researchers (e.g., Brown, 2015; Cucina
& Howardson, 2017; Dombrowski, McGill et al., 2020; Kerr,
1998; Kline, 2016) who caution against the use of CFA for
exploratory model fitting which may produce final structures

1 The variance in a higher-order model may be residualized to disclose the
apportionment of variance between the group factors and the general factor.
The SL orthogonalization approach is considered a more elegant technique for
this purpose and would likely result in approximately the same variance esti-
mates if the oblique/higher-order model were residualized. Thus, variance
apportionment is not reported for the higher-order model in this study.
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that capitalize on chance or may not replicate under more
stringent measurement conditions (MacCallum et al., 1992;
Meehl, 1978). We are not necessarily criticizing the use of
this parameter constraint (i.e., correlating the residual terms
between Gf and Gv). However, given the lineage of the PRI,
and recent independent results which suggest a fusion of the
Gv and Gf subtests onto a single factor, this permits
questioning as to whether the two constructs can be empiri-
cally separated on the WISC.

In a subsequent CFA analysis of the Canadian version of
the WISC-V by Watkins et al. (2018) and in a simulation
study conducted by Dombrowski, McGill & Morgan (2019),
the five-factor higher-order model posited by Reynolds and
Keith (2017) was found to be inferior to the four-factor
bifactor model, or at best to provide equivalent fit to more
parsimoniousmodels. In totality, we suggest placing emphasis
on the preponderance of the research evidence when making a
decision about the WISC-V theoretical structure and how the
instrument should be interpreted. This study adds to that liter-
ature base suggesting that the WISC-V 10 primary subtest
battery contains four theoretical factors but with a slightly
different factor composition depending upon the method of
exploratory modeling used (i.e., EBFA vs. SL and higher-
order). Based on results from ωH, ωHS, and H indices, the
WISC-V appears to be essentially a measure that should re-
ceive primary interpretive emphasis at the Full-Scale
Intelligence Quotient (FSIQ) level with only secondary, yet
cautious, emphasis at the group factor level, but only when
there is factor analytic evidence for the existence of group
factors (Hancock & Mueller, 2001; Rodriguez et al., 2016).

The finding of an alternative four-factor structure on the
WISC-V has implications for PSW and XBA. If an index does
not measure what it is intended to measure, then this makes it
difficult to use these techniques on indices such as Gf as the
index does not appear to measure its intended CHC construct
in the way proposed by the test publisher. A lack of structural
validity precludes any further interpretive action such as PSW/
XBA or even direct WISC-V index level interpretation when
these indices that lack structural validity support.

Limitations

One of the unique aspects of this study—a large clinical
sample—may also pose a limitation. Can the conclusions
drawn from this study be extended to the general population
as this sample’s demographic characteristics do not match
those of the US population in terms of gender, ethnicity, and
socioeconomic status? However, it does appear that the factor
analytic results are consistent across both the standardization
sample and this large clinical sample, which is comprised
primarily of ADHD, anxiety, and brain injury participants.
In fact, given that assessment of cognitive functioning in re-
ferred youth is one of the primary purposes of intelligence

tests such as the WISC-V, the findings of this study may be
directly extended to those populations. Additionally, one of
the strengths of factor analytic studies of an exploratory
nature—it offers less room for post hoc adjusting and the
potential inclusion of biases in scientific decision-making—
is also a weakness: it does not have fully evolved statistical fit
indices to potentially aid in model comparison. In totality, no
modeling method is perfect, and each has its own strengths
and limitations making the use of both exploratory and con-
firmatory factor analytic techniques useful. This suggests that
any final, adopted model produced by the test publisher or
proposed by an independent study should be viewed as tenta-
tive and subject to further replication using different methods
and samples. Ultimately, the structure of any test must be
evaluated against external criteria.

Conclusion and Implications for Practice

Given the mercurial nature of the WISC theoretical structure
over the past 75 years, researchers and school psychologists
must be cautious about accepting a model based upon what is
proposed by the test publisher or even within a single factor
analytic study. After all, what has really changed over the
WISC’s history of clinical use (Frazier & Youngstrom,
2007)? Many of the subtests continue to trace their lineage
to the original Army Alpha and Beta tests developed in the
early 1900s (Warne, 2019). Yet, with each iteration, re-
searchers are discovering new factors and labels for previous-
ly discovered factors. Instead, school psychology researchers
and practitioners should adopt a “preponderance of the evi-
dence” standard looking at the agglomeration of available
factor analytic research evidence when deciding whether and
how to interpret the instrument.

The results of this study are valuable given that the study
utilized a rarely available clinical sample, focused on the 10
primary subtest battery which has been scarcely investigated
but predominantly utilized by school psychologists, and used
the largest sample to date—more than double the size of the
WISC-V standardization sample. Findings suggest that the
WISC-V 10 primary subtest battery is a four-factor instrument
(e.g., Gc, Gwm, and Gs) containing either PR (via higher-
order & SL) or Gv (via EBFA) as the fourth factor.
Regardless of the composition of the fourth factor (Gv or
PR) or the method of modeling used, metrics of interpretabil-
ity and sources of variance suggest that primary, and perhaps,
exclusive interpretive emphasis should be placed on the gen-
eral factor (g; i.e., FSIQ) with secondary emphasis placed on
the interpretation of the group factors.

This latter interpretive statement is frequently offered by
some in the research community regardless of the cognitive
ability instrument investigated: WJ-IV full-test battery
(Dombrowski et al., 2018a) and WJ-IV Cognitive
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(Dombrowski, McGill et al., 2017, 2018b); WJ-III full-test
battery, WJ-III Cognitive (Dombrowski, 2013, 2014a,
2014b, 2015b; Dombrowski & Watkins, 2013); WISC-V
(Canivez et al., 2016, 2017; Dombrowski, Canivez et al.,
2017; Dombrowski et al., 2015); Stanford-Binet, Fifth
Edition (Canivez, 2008; DiStefano & Dombrowski, 2006);
DAS-II (Canivez & McGill, 2016; Dombrowski, Canivez,
McGill & Dombrowski, 2020; Dombrowski, Golay et al.,
2018; Dombrowski, McGill, Canivez Dombrowski et al.,
2019); KABC–2 (McGill & Dombrowski, 2018; McGill &
Spurgin, 2017); and RIAS (Canivez, 2008; Dombrowski
et al., 2009). The accumulating structural validity literature
suggests that, although the lower-order group factors may be
present, they are of less significance in comparison with the
general factor (Dombrowski, McGill et al. 2020). Thus, inter-
pretation of group factor indices (e.g., VCI,WMI, PSI) should
only be undertaken cautiously and contingent upon structural
and external validity support. Primary interpretive emphasis
should be placed upon the FSIQ. In other words, school psy-
chologists should note that this index score is the most reliable
and valid score that will replicate consistently from adminis-
tration to administration with the least fluctuation of all the
scores presented in the WISC-V. The VCI, WMI, and PSI
scores have structural validity support but contain a meager
proportion of variance relative to the FSIQ. Consequently,
little interpretive emphasis should be placed upon the
WISC-V index level scores. This study did not locate a fluid
reasoning factor as both of its subtests either fused with the
visual spatial factor or loaded only on the general factor. Thus,
this study indicates that the fluid reasoning index should
not be interpreted even though the publisher produced a
score for it.
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