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Abstract
This study examined the factor structure of the Wechsler Intelli-
gence Scale for Children-Fifth Edition (WISC-V) with four standard-
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five-factor solution. Forced extraction of five factors resulted in only
one WISC-V subtest obtaining a salient pattern coefficient on the
fifth factor in all four groups, rendering it inadequate. Evidence did
not support the publisher's desire to split Perceptual Reasoning into
separate Visual Spatial and Fluid Reasoning dimensions. Results indi-
cated that most WISC-V subtests were properly associated with the
four theoretically oriented first-order factors resembling the WISC-
1V, the g factor accounted for large portions of total and common
variance, and the four first-order group factors accounted for small
portions of total and common variance. Results were consistent with
EFA of the WISC-V total standardization sample.
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The Wechsler Intelligence Scale for Children-Fifth Edition (WISC-V; Wechsler, 2014a) includes 16 intelligence-related
subtests, five first-order factor index scores (Verbal Comprehension [VC], Visual Spatial [VS], Fluid Reasoning [FR],
Working Memory [WM], and Processing Speed [PS]), and the hierarchically ordered Full Scale score (FSIQ). The Word
Reasoning and Picture Completion subtests of the Wechsler Intelligence Scale for Children-Fourth Edition (WISC-1V;

Wechsler, 2003) were removed and three new subtests were added. New subtests include Picture Span (adapted from
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the Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition [Wechsler, 2012]) to measure visual working
memory and Visual Puzzles and Figure Weights (adapted from the Wechsler Adult Intelligence Scale-Fourth Edition
[Wechsler, 2008]) to measure visual spatial and fluid reasoning, respectively. Separating the former Perceptual Rea-
soning factor into separate and distinct Visual Spatial and Fluid Reasoning factors was a major goal in developing and
marketing the WISC-V.

The WISC-V includes seven “Primary” subtests (Similarities [SI], Vocabulary [VC], Block Design [BD], Matrix Rea-
soning [MR], Figure Weights [FW], Digit Span [DS], and Coding [CD]) that are used in producing the FSIQ; and three
additional “Primary” subtests (Visual Puzzles [VP], Picture Span [PS], and Symbol Search [SS]) that are used in produc-
ing the five-factor index scores (two subtests each). There are six “Secondary” subtests (Information [IN], Comprehen-
sion [CO], Picture Concepts [PC], Arithmetic [AR], Letter—-Number Sequencing [LN], and Cancellation [CN]) that are
used for substitution in FSIQ estimation or in estimating newly created (Quantitative Reasoning, Auditory Working
Memory, Nonverbal) and previously existing (General Ability, Cognitive Proficiency) Ancillary Index Scores. Like other
recent editions of intelligence tests (e.g., WISC-1V, Stanford-Binet Intelligence Scales-Fifth Edition [SB5; Roid, 2003a],
Kaufman Assessment Battery for Children-Second Edition [KABC-II; Kaufman & Kaufman, 2004], Reynolds Intellec-
tual Assessment Scales [RIAS; Reynolds & Kamphaus, 2003a], Wide Range Intelligence Test [WRIT; Glutting, Adams,
& Sheslow, 2000]), the WISC-V attempted to reflect conceptualizations of intellectual measurement articulated by
Spearman (1927), Carroll, Cattell, and Horn (Carroll, 1993, 2003; Cattell & Horn, 1978; Horn, 1991; Horn & Blankson,
2012; Horn & Cattell, 1966), as well as other neuropsychological constructs.

Evidence of WISC-V structural validity reported in the WISC-V Technical and Interpretive Manual was based exclu-
sively on confirmatory factor analyses (CFA). A one-factor model served as the baseline and all other models were
higher-order models with a general intelligence factor indirectly influencing subtests via full mediation through two
through five first-order factors. Table 5.3 in the WISC-V Technical and Interpretive Manual illustrates all CFA models
tested and Figure 5.10 (reproduced in modified form here as Figure 1) presents the standardized measurement model
for the final publisher-preferred, five-factor, higher-order model for WISC-V primary and secondary subtests for the
total standardization sample. This model included a higher-order general intelligence dimension with five first-order
factors (VC, VS, FR, WM, PS) and the 16 subtest indicators were uniquely associated with one latent first-order fac-
tor except for Arithmetic, which was cross-loaded on VC, FR, and WM. This preferred measurement model, however,
included a standardized path coefficient of 1.00 between the higher-order general intelligence factor and the FR fac-
tor, which indicates that FR may be empirically redundant. This final model was also reported to fit five different age
groupings (6-7, 8-9, 10-11, 12-13, 14-16) equally well (Wechsler, 2014b) and a subsequent study by Chen, Zhang,
Raiford, Zhu, and Weiss (2015) showed factorial invariance of this final model across gender.

CFA reported in the WISC-V Technical and Interpretive Manual contained numerous notable psychometric concerns
(Beaujean, 2016; Canivez & Watkins, 2016; Canivez, Watkins, & Dombrowski, 2016, 2017a). Details regarding CFA
methods are lacking, such as the absence of explanation for selecting weighted least squares (WLS) estimation rather
than maximum likelihood (ML) estimation. Latent constructs (i.e., factors) have no natural scale of measurement, so
specification by the analyst is necessary to achieve model identification. The choice of metric can affect unstandardized
parameters and may “yield different conclusions regarding the statistical significance of freely estimated parameters”
(Brown, 2015, p. 133). Kline (2011) noted that “use of an estimation method other than ML requires explicit justifi-
cation” (p. 154). WLS is typically used with data that are categorical or nonnormally distributed and may not produce
chi-values nor approximate fit indices equivalent to those produced by ML estimation (Yuan & Chan, 2005); neither of
which pertains to WISC-V subtest scores (Chen et al., 2015). Thus, the use of WLS is perplexing, and a significant depar-
ture from the typical use of ML estimation in CFA of intelligence tests. Further, Beaujean (2016) replicated the WISC-V
CFA results reported in Wechsler (2014b), deducing that an effects-coding method (Little, Slegers, & Card, 2006) was
probably used. Additionally, Beaujean demonstrated that the effects-coding method was modified and caused degrees
of freedom to be understated, which has consequences for fit statistics that rely on degrees of freedom for their com-
putation.

The complex CFA model adopted by the publisher (as a result of including Arithmetic subtest cross-loadings) is
also problematic because it abandons the parsimony of simple structure (Thurstone, 1947). Further, the publisher's
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FIGURE 1 Higher-order measurement model with standardized coefficients (adapted from Figure 5.1 [Wechsler,
2014b]), for WISC-V standardization sample (N = 2,200) 16 Subtests. S| = Similarities, VC = Vocabulary, IN = Informa-
tion, CO = Comprehension, BD = Block Design, VP = Visual Puzzles, MR = Matrix Reasoning, PC = Picture Concepts,
FW = Figure Weights, AR = Arithmetic, DS = Digit Span, PS = Picture Span, LN = Letter-Number Sequencing, CD =
Coding, SS = Symbol Search, CA = Cancellation. Wechsler Intelligence Scale for Children, Fifth Edition (WISC-V). Copyright
(© 2014 NCS Pearson, Inc. Reproduced with permission. All rights reserved. “Wechsler Intelligence Scale for Children” and
“WISC” are trademarks, in the US and/or other countries, of Pearson Education, Inc. or its affiliates(s).
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preferred model produced a standardized path coefficient of 1.00 between the latent general intelligence (mislabeled
in Figure 5.1 [Wechsler, 2014b] as “Full Scale”) factor and the Fluid Reasoning factor; indicating g and FR were empiri-
cally redundant (Le, Schmidt, Harter, & Lauver, 2010). This constitutes a major threat to discriminant validity and indi-
cates that the WISC-V has likely been overfactored (Frazier & Youngstrom, 2007).

Another issue concerning the WISC-V Technical and Interpretive Manual was the acknowledgment of the sensitivity
of the chi-square test to trivial differences with large samples, but the subsequent use of chi-square difference tests
of nested models to identify the preferred five-factor model (Wechsler, 2014b). The same sensitivity to large samples
is true for chi-square difference tests (Millsap, 2007), suggesting that the model differences reported in the WISC-V
Technical and Interpretive Manual might be statistically significant yet trivial. For example, Table 5.4 in Wechsler (2014b,
p. 82) reveals that the difference between models 4a and 5a was statistically significant but those two models exhibited
identical comparative fit index (CF1) and root mean square error of approximation (RMSEA) values. Likewise, the pre-
ferred five-factor higher-order model was significantly different from other five-factor models but all exhibited iden-
tical CFl and RMSEA values (e.g., .98 and .04, respectively). Cheung and Rensvold (2002) demonstrated, in the context
of factorial invariance, that practical differences independent of sample size and model complexity could be identified
by ACFI > .01, this condition was not met when moving from a four- to a five-factor solution.

Another criticism of WISC-V CFA reported in the WISC-V Technical and Interpretive Manual is that there was a failure
totest rival bifactor measurement models against the higher-order measurement models. Bifactor models have several
benefits over higher-order models (Canivez, 2016; Reise, 2012), have been found to fit data from other Wechsler scales
(viz., Canivez, 2014a; Canivez, Watkins, Good, James, & James, 2017b; Gignac & Watkins, 2013; Lecerf & Canivez,
2017; Nelson, Canivez, & Watkins, 2013; Watkins, 2010; Watkins & Beaujean, 2014; Watkins, Canivez, James, James, &
Good, 2013), and have been recommended for cognitive tests (Brunner, Nagy, & Wilhelm, 2012; Canivez, 2016; Cucina
& Byle, 2017; Cucina & Howardson, 2017; Gignac, 2005, 2006; Morin, Arens, Tran, & Caci, 2016). A higher-order struc-
tural model posits general intelligence as a superordinate construct that is fully mediated by the lower-order factors
and indirectly influences the subtest indicators. In contrast, the bifactor model hypothesizes general intelligence as a
breadth factor with direct influence on subtests in addition to direct influence on subtests by group factors (Canivez,
2016; Gignac, 2008). The bifactor model appears to be more consistent with Spearman's (1927) conceptualization of
intelligence and a more conceptually parsimonious explanation than the higher-order model (Canivez, 2016; Cucina
& Howardson, 2017; Gignac, 2006). Further, the structure of intelligence described by Carroll (1993) is better repre-
sented by the bifactor model (Beaujean, 2015a; Cucina & Howardson, 2017).

Another significant problem is that the publisher did not provide decomposed variance estimates to disclose how
much subtest variance is a result of the hierarchical g factor and how much is a result of the lower-order group factors.
This makes it difficult for clinicians and researchers to judge the adequacy of the group factors (VC, VS, FR, WM, PS)
based on how much unique variance the group factors capture when purged of the effects of general intelligence (Reise,
Moore, & Haviland, 2010), although this could be computed by hand from the model. As noted by DeVellis (2017), rely-
ing on statistical fit alone “may obscure the fact that some statistically significant factors may account for uninterest-
ingly small proportions of variance” (p. 199).

Also missing from the WISC-V Technical and Interpretive Manual are model-based reliability estimates (omega). It
has long been argued that classical estimates of reliability are biased (Raykov, 1997). Model-based estimates, such
as omega-hierarchical (wy) and omega-hierarchical subscales (wys), have been recommended as superior metrics
for determining construct-based reliability (Rodriguez, Reise, & Haviland, 2016; Watkins, 2017). These problems
were highlighted in several reviews and critiques of Wechsler scales including the WAIS-1V, WPPSI-1V, and WISC-IV
(Canivez, 2010, 2014b; Canivez & Kush, 2013); however, omega estimates are notably absent from the WISC-V Tech-
nical and Interpretive Manual.

Although Chen et al. (2015) used ML estimation in their WISC-V invariance study, their chosen model replicated
the standardized path coefficient of 1.0 from the FSIQ to FR and cross-loading of Arithmetic on three first-order fac-
tors. Further, there was no consideration of rival bifactor models nor was there decomposition of subtest variance or
estimation of latent factor reliabilities to understand the relative contributions of the higher-order versus first-order
factors. Reynolds and Keith (2017) examined WISC-V invariance across standardization sample age groups, but the
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model examined for invariance was an oblique five-factor model rather than the bifactor or higher-order model, which
thus ignored general intelligence and its unmodeled variance.

Reynolds and Keith (2017) also explored numerous post hoc modifications for first-order models with five fac-
tors and then for both higher-order and bifactor models with five group factors in an attempt to better understand
WISC-V measurement. Whereas such explorations are possible, they may capitalize on chance and it could be argued
that such exploratory interest might be better served by using EFA (Carroll, 1995) or exploratory structural equation
modeling (Asparouhov & Muthén, 2009). Their final best fitting WISC-V higher-order model was different from the
publisher-preferred model in that Arithmetic was given a direct loading from general intelligence and a “cross-loading”
on Working Memory, but Reynolds and Keith also added correlated disturbance of Visual Spatial and Fluid Reason-
ing group factors yet the model still produced a standardized path coefficient of .97 from general intelligence to Fluid
Reasoning. Further, decomposed variance estimates of their higher-order model showed that the WISC-V subtests
primarily reflected general intelligence variance with small portions of variance unique to the group factors (except for
the Processing Speed subtests). Their best WISC-V bifactor model also added a covariance estimate between Visual
Spatial and Fluid Reasoning (.62), which appears necessary to salvage five group factors. Watkins, Dombrowski, and
Canivez (2017) also tested a similar bifactor model with the Canadian WISC-V (WISC-VCPN), but this bifactor model
with five group factors and VS-FR covariance estimate was not superior to the bifactor model with four group factors.

A final criticism is that the WISC-V Technical and Interpretive Manual includes explicit preference for CFA over EFA
methods rather than taking advantage of each method's unique strengths. EFA and CFA are complementary proce-
dures, so greater confidence in the latent factor structure is achieved when EFA and CFA are in agreement (Gorsuch,
1983). Carroll (1995) and Reise (2012) both noted that EFA procedures are especially useful in suggesting possible
models to be tested in CFA, and Carroll (1998) suggested that “CFA should derive its initial hypotheses from EFA
results, rather than starting from scratch or from a priori hypotheses...[and] CFA analyses should be done to check
my EFA analyses” (p. 8). The deletion of Word Reasoning and Picture Completion subtests; the addition of Visual Puz-
zles, Figure Weights, and Picture Span subtests; and the inclusion of new or revised items across all WISC-V subtests
suggests that relationships among retained and new subtests might result in associations and latent structure unantic-
ipated by a priori conceptualizations (Beaujean, 2015b; Strauss, Spreen, & Hunter, 2000).

Intelligence test factor structure research using EFA procedures have consistently produced serious and substan-
tial challenges to the optimistic conclusions from CFA-based latent structures reported in test technical manuals. DiS-
tefano and Dombrowski (2006) and Canivez (2008), using data from the SB5 (Roid, 2003a) standardization sample,
obtained markedly different results for the SB5 than CFA results presented in the technical manual (Roid, 2003b)
and concluded that the SB5 essentially measured one dimension (g). Three studies of the WISC-IV (Wechsler, 2003)
and two studies of the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-I1V; Wechsler, 2008) using EFA (Bodin,
Pardini, Burns, & Stevens, 2009; Canivez & Watkins, 2010a, 2010b; Watkins, 2006; Watkins, Wilson, Kotz, Carbone,
& Babula, 2006) indicated that most variance was associated with general intelligence (substantially lesser amounts
at the factor level) and suggested that interpretation of both the WISC-IV and WAIS-IV should focus on the global
FSIQ score because it accounts for most of the common variance and additional research showing FSIQ superiority
in predictive validity with little to no meaningful incremental prediction by the factor index scores (Canivez, 2014a;
Canivez, Watkins, James, James, & Good, 2014; Glutting, Watkins, Konold, & McDermott, 2006; Glutting, Youngstrom,
Ward, Ward, & Hale, 1997; Nelson et al., 2013). The limited unique variance captured by the first-order factors is likely
responsible for the poor incremental predictive validity of the WISC-IV and WAIS-1V factor index scores. EFA studies
of other intelligence tests such as RIAS (Reynolds & Kamphaus, 2003a) have also indicated that fundamental measure-
ment is primarily that of general intelligence (Dombrowski, Watkins, & Brogan, 2009; Nelson & Canivez, 2012; Nel-
son, Canivez, Lindstrom, & Hatt, 2007), which was by design its primary goal (Reynolds & Kamphaus, 2003b). Similar
findings were obtained with a joint examination of the Wide Range Intelligence Test (WRIT; Glutting et al., 2000) and
Wechsler Abbreviated Scale of Intelligence (WASI; Psychological Corporation, 1999) where most subtest variability
was associated with a hierarchical general intelligence dimension and smaller portions of variance were apportioned to
the first-order factors; supporting primary interpretations of the FSIQ and general intelligence test (Canivez, Konold,
Collins, & Wilson, 2009).
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Independent assessment of the WISC-V using EFA with the total standardization sample (n = 2,200) was reported
by Canivez et al. (2016) and no evidence was found for five factors. The intended separation of Visual Spatial and
Fluid Reasoning dimensions was not supported as extracting five factors resulted in the fifth factor including only one
subtest (Figure Weights) with a salient factor pattern coefficient, and Picture Concepts failed to saliently load on any
factor. Extraction of four factors produced a structure very similar to the WISC-IV with Visual Spatial and Fluid Rea-
soning collapsing into one Perceptual Reasoning factor. Schmid and Leiman (SL, 1957) orthogonalization found the g
factor accounted for large portions of total and common variance and provided little evidence for interpretation of
the lower-ordered factors. The omega-hierarchical coefficient of the g factor was large while the omega-hierarchical
subscale coefficients for the four lower-order factors were too low for confident interpretation, except perhaps for the
Processing Speed factor. Canivez et al. (2017a) replicated WISC-V EFA results with CFA using maximum likelihood esti-
mation, further challenging results in the WISC-V Technical and Interpretive Manual. Whereas these results were con-
sistent with other Wechsler scales (WPPSI-1V, WISC-1V, WAIS-1V), and other tests of intelligence, they were obtained
with the entire standardization sample and it is possible that different structures might be observed within different
age ranges; therefore, Canivez et al. recommended examination of WISC-V structure with different age groups using
similar EFA procedures.

Following that recommendation, the present study investigated the factor structure of the WISC-V with four age
groups (6-8, 9-11, 12-14, 15-16 years) from the WISC-V standardization sample using EFA followed by a Schmid-
Leiman orthogonalization, the same procedures used by Canivez et al. (2016) when investigating the WISC-V total
sample to allow for direct comparison of results. The EFA-based SL orthogonalization procedure produces an approx-
imate bifactor solution that is a reparameterization of the higher-order structure and contains proportionality con-
straints (Yung, Thissen, & MclLeod, 1999), but is the dominant exploratory approach to assessing bifactor structure
(Reise, 2012). Also, the present study used identical EFA methods to Canivez et al. (2016), which allows for direct com-
parison of results of the more homogeneous age groups to the full standardization sample results but does not directly
test the factorial invariance of the WISC-V across age/development. The primary research questions included (1) how
many WISC-V factors should be extracted and retained in each age subgroup; (2) how are subtests associated with
the latent factors; (3) was there evidence for the publisher's claim of five first-order factors; and (4) what proportion
of variance was a result of general intelligence versus the first-order group ability factors following a Schmid-Leiman

orthogonalization?

1 | METHOD

1.1 | Participants

Participants were members of the WISC-V standardization sample and included a total of 2,200 individuals ranging
in age from 6 to 16 years. Demographic characteristics are provided in detail in the WISC-V Technical and Interpre-
tive Manual (Wechsler, 2014b). Stratified proportional sampling was used across variables of age, sex, race/ethnicity,
parental education level, and geographic region in obtaining the standardization sample. Education level was a proxy
for socioeconomic status where accurate information about income is often difficult to obtain. Examination of tables

in the Technical and Interpretive Manual revealed a close match to the U.S. census across stratification variables.

1.2 | Instrument

The WISC-V is an individual test of general intelligence for children ages 6-16 years and originated with the first WISC
(Wechsler, 1949). Consistent with Wechsler's definition of intelligence (i.e., “global capacity;” Wechsler, 1939, p. 229),
the WISC-V includes numerous subtests that provide estimates of general intelligence but also are combined to mea-
sure group factors. WISC-V measurement of intelligence continues to include narrow ability subtests (16), broad group

factors (5), and general intelligence.
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Organization and subtest administration order of the WISC-V reflect a new four-level organization. The FSIQ is
composed of seven primary subtests across the five domains (VC, VS, FR, WM, PS), but if one of the FSIQ subtests
is invalid or missing, that subtest may be substituted by a secondary subtest from within the same domain. Only one
substitution is allowed. The Primary Index Scale level is composed of 10 WISC-V subtests (primary subtests) and are
used to estimate the five WISC-V factor index scores (VCI, VSI, FRI, WMI, PSI). No substitutions are allowed for the
Primary Index Scales. Complementary subtests are not intelligence subtests and so were not included in the present

analyses.

1.3 | Procedure

NCS Pearson denied without rationale the request for WISC-V standardization sample raw data to conduct these (and
other) independent analyses. Absent raw data, WISC-V subtest scaled score correlation matrices for each age group
(n=200) in the standardization sample were obtained from the WISC-V Technical and Interpretive Manual Supplement
(Wechsler, 2014c) and combined by averaging correlations through Fisher transformations. Four correlation matrices
(16 primary and secondary intelligence subtests) were created to represent four broad age subgroups (ages 6-8 [n =
600],9-11[n=600], 12-14 [n = 600], and 15-16 [n = 400] years). The sample size of single age groups (n = 200) would
be too small for stable results (Goldberg & Velicer, 2006; Mundfrom & Shaw, 2005). In contrast, these four age groups

should allow developmental differences to emerge while still providing robust factor recovery.

1.4 | Analyses

Principal axis exploratory factor analyses (Fabrigar, Wegener, MacCallum, & Strahan, 1999) were used to analyze the
combined WISC-V standardization sample correlation matrices from the four age groups using SPSS 21 for Macintosh
OSX. Principal axis EFA was selected for comparison to Canivez et al. (2016) and because it “frequently outperformed
ML in the recovery of relatively weak common factors” (Briggs & MacCallum, 2003, p. 49). Multiple criteria (Gorsuch,
1983) were examined to determine the number of factors to retain and included eigenvalues >1 (Kaiser, 1960), the
scree test (Cattell, 1966), standard error of scree (SE ee; Zoski & Jurs, 1996), Horn's parallel analysis (HPA; Horn,
1965), and minimum average partials (MAP; Velicer, 1976). The scree test is a subjective criterion so the SE. . as
programmed by Watkins (2007) was used because it was reportedly the most accurate objective scree method (Nasser,
Benson, & Wisenbaker, 2002).

HPA and MAP were included because they are considered more accurate and less likely to overfactor (Frazier &
Youngstrom, 2007; Velicer, Eaton, & Fava, 2000; Zwick & Velicer, 1986), although in the presence of a strong general
factor HPA tends to underfactor (Crawford et al., 2010). HPA indicates meaningful factors when eigenvalues from the
WISC-V standardization sample data were larger than eigenvalues produced by random data containing the same num-
ber of participants and factors. Random data eigenvalues for HPA were produced using the Monte Carlo principal com-
ponents analysis for the Parallel Analysis computer program (Watkins, 2000) with 100 replications to provide stable
eigenvalue estimates. Retained factors were subjected to promax (oblique) rotation (k = 4; Gorsuch, 1983). Setting k
to 4 produced greater hyperplane count compared to k = 2 with the present data. Salient factor pattern coefficients
were defined as those >.30 (Child, 2006). Factor solutions were examined for interpretability and theoretical plausi-
bility (Fabrigar et al., 1999) with the empirical requirement that each factor should be marked by two or more salient
loadings and no salient cross-loadings (Gorsuch, 1983). Subtest g loadings (first unrotated factor coefficients) were
evaluated based on Kaufman's (1994) criteria (>.70 = good, .50 -.69 = fair, <.50 = poor).

Cognitive ability subtest scores reflect combinations of both first-order and second-order factor variance and,
because of this, Carroll (1993, 1995, 1997, 2003) argued that variance from the higher-order factor must be extracted
first to residualize the lower-order factors, leaving them orthogonal to the higher-order factor. The Schmid and Leiman
(1957) procedure has been recommended as the statistical method to accomplish this residualization (Carroll, 1993,
1995, 1997, 2003; Carretta & Ree, 2001; Gustafsson & Snow, 1997; McClain, 1996; Ree, Carretta, & Green, 2003;
Thompson, 2004). It is a reparameterization of a higher-order model and an approximate bifactor solution (Reise,
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2012). Accordingly, first-order factors were orthogonalized by removing all variance associated with the second-
order dimension using the Schmid and Leiman (1957) procedure as programmed in the MacOrtho computer program
(Watkins, 2004). This transforms “an oblique factor analysis solution containing a hierarchy of higher-order factors into
an orthogonal solution which not only preserves the desired interpretation characteristics of the oblique solution, but
also discloses the hierarchical structuring of the variables” (Schmid & Leiman, 1957, p. 53).

The Schmid-Leiman (SL) orthogonalization procedure may be constrained by proportionality (Yung et al., 1999)
and may be problematic with nonzero cross-loadings (Reise, 2012). Reise also noted two additional and more recent
alternative exploratory bifactor methods that do not include proportionality constraints: analytic bifactor (Jennrich &
Bentler, 2011) and target bifactor (Reise, Moore, & Maydeu-Olivares, 2011). However, the present application of the
SL orthogonalization procedure was selected for direct comparison to WISC-V results obtained by Canivez et al. (2016)
with the total WISC-V standardization sample and comparisons to the numerous studies of SL application with Wech-
sler scales (Canivez & Watkins, 2010a; 2010b; Golay & Lecerf, 2011; Lecerf & Canivez, 2017; Watkins, 2006; Watkins
et al., 2017) and with other intelligence tests (Canivez, 2008, 2011; Canivez & McGill, 2016; Canivez et al., 2009;
Dombrowski, 2013, 2014a, 2014b; Dombrowski & Watkins, 2013; Dombrowski et al., 2009; Dombrowski, McGill, &
Canivez, 2017a, 2017b; Nelson & Canivez, 2012; Nelson et al., 2007; Strickland, Watkins, & Caterino, 2015). For con-
venience, this method is labeled the SL bifactor (Reise, 2012).

Omega-hierarchical and omega-hierarchical subscale coefficients (Reise, 2012; Rodriguez et al., 2016) were esti-
mated as model-based reliability estimates of the latent factors (Gignac & Watkins, 2013). Chen, Hayes, Carver, Lau-
renceau, & Zhang (2012) noted that “for multidimensional constructs, the alpha coefficient is complexly determined,
and McDonald's (1999) omega-hierarchical (wy) provides a better estimate for the composite score and thus should
be used” (p. 228). These same problems are inherent with other internal consistency estimates such as split-half or
KR-20. Omega-hierarchical (wy) is the model-based reliability estimate for the hierarchical general intelligence factor
independent of the variance of group factors. Omega-hierarchical subscale (wys) is the model-based reliability esti-
mate of a group factor with all other group and general factors removed (Reise, 2012). Omega estimates (wp and wys)
may be obtained from EFA SL bifactor solutions and were produced using the Omega program (Watkins, 2013), which
was based on the tutorial by Brunner et al. (2012) and the work of Zinbarg, Revelle, Yovel, and Li (2005) and Zinbarg,
Yovel, Revelle, and McDonald (2006). Omega-hierarchical coefficients should at a minimum exceed .50, but .75 would
be preferred (Reise, 2012; Reise, Bonifay, & Haviland, 2013).

2 | RESULTS

2.1 | Factor extraction criteria comparisons

Figures A1-A4 (Appendix A in online supplemental materials) show scree plots from HPA for the four age groups.
Table 1 summarizes results from the multiple factor extraction criteria (eigenvalues >1, scree test, standard error of
scree, HPA, MAP, theory) for determining the number factors to extract and retain. As shown in Table 1, only the pub-
lisher recommended/theory justified extraction of five factors. All other criteria across the four age groups mostly

recommended extraction of only one to three factors.

2.2 | Five-factor exploratory and hierarchical analyses

It has been suggested that it is better to overextract than underextract (Gorsuch, 1997; Wood, Tataryn, & Gorsuch,
1996) so EFA began with extracting five factors to examine subtest associations based on the publisher's suggested
structure and to allow examination of the performance of smaller factors. Tables B1 through B8 (Appendix B in online
supplemental materials) show exploratory factor analyses results (odd-numbered Tables B1-B7) and exploratory SL
bifactor model results (even-numbered Tables B2-B8) for the four age groups. In each of the four age groups, extrac-

tion of five factors produced psychometrically inadequate results as the fifth factor included only one salient factor



CANIVEZ ET AL. Wl LEY 749

TABLE1 Number of WISC-V factors suggested for extraction across five different criteria by age group

WISC-V Age Groups
Extraction Criterion 6-8 9-11 12-14 15-16 6-16
Eigenvalue >1 3 3 2 3 2
Scree test (visually examined) 2 2 2 2 2
Standard error of scree (SE,ce) 2 4 3 3 3
Horn's parallel analysis (HPA) 2 2 2 2 2
Minimum average partials (MAP) 1 1 1 2 1
Prior Wechsler structure/theory 4 4 4 4 4
Publisher (theory) proposed 5 5 5 5 5

pattern coefficient (Cancellation [ages 6-8], Arithmetic [ages 9-11], Picture Concepts [ages 12-14 and 15-16]) and
factors cannot be defined by only one indicator (see odd-numbered Tables B1-B7 in online supplemental materials).
Further, contrary to the publisher's desire to split the Perceptual Reasoning factor into separate Visual Spatial (Block
Design, Visual Puzzles) and Fluid Reasoning (Matrix Reasoning, Figure Weights) factors, extraction of five factors still
resulted in Block Design, Visual Puzzles, Matrix Reasoning, and Figure Weights having salient factor pattern loadings
on the same (Perceptual Reasoning) factor. Exploratory SL bifactor model results (see even-numbered Tables B2-B8 in
online supplemental materials) also show the dominance of the general intelligence factor for all subtests except Cod-
ing, Symbol Search, and Cancellation (Processing Speed subtests), known to be poor indicators of general intelligence.

2.3 | Four-factor exploratory and hierarchical analyses

2.3.1 | Ages 6-8 first-order EFA: Four-factor extraction

Table 2 shows results of four-factor extraction with promax rotation for the 6- to 8-year-olds. The g loadings ranged
from .175 (Cancellation) to .746 (Information) and all were within the fair-to-good range (except Coding and Cancel-
lation). Picture Concepts failed to exhibit salient pattern loadings on any group factor. Table 2 shows robust Verbal
Comprehension (Similarities, Vocabulary, Information, Comprehension), Working Memory (Digit Span, Picture Span,
Letter-Number Sequencing), Perceptual Reasoning (Block Design, Visual Puzzles, Matrix Reasoning, Figure Weights),
and Processing Speed (Coding, Symbol Search, Cancellation) factors with theoretically consistent subtest associations.
Picture Concepts, a fair indicator of general intelligence, was not adequately associated with any of the four group
factors; although its highest pattern coefficient was on the Perceptual Reasoning factor. There were no subtests with
salient cross-loadings. The moderate-to-high factor correlations shown in Table 2 (.372 to .710) imply a higher-order
or hierarchical structure that required explication (Gorsuch, 1983) and the Schmid-Leiman procedure was applied to

better understand variance apportionment among general and group factors.

2.3.2 | Ages 6-8SL bifactor analyses: Four first-order factors

Results for the Schmid and Leiman orthogonalization of the higher-order factor analysis are shown in Table 3. All sub-
tests were properly associated (higher residual variance) with their theoretically proposed factor after removing g vari-
ance. The g factor accounted for 33.2% of the total variance and 66.4% of the common variance.

The general factor also accounted for between 2.3% (Cancellation) and 49.7% (Digit Span) of individual subtest
variability. At the first-order level, VC accounted for an additional 4.6% of the total variance and 9.1% of the common
variance, WM accounted for an additional 3.2% of the total variance and 6.5% of the common variance, PR accounted
for an additional 3.3% of the total variance and 6.6% of the common variance, and PS accounted for an additional 5.7%
of the total variance and 11.4% of the common variance. The general and group factors combined to measure 50.0% of

the variance in WISC-V scores, resulting in 50.0% unique variance (combination of specific and error variance).



CANIVEZ ET AL.

WILEY

6ST”
09
(0)5°%
4.3
L6C
6€9
€¢Y
L6T
8¢e”
9e9”
€9
oLy
Lyy
099
669
689"

4

413
TLL
L0L
5145
8/C
vLE
L6
81¢"
€9¢C
L6€
L6C
90
€6C
€6¢
€re
81¢"

5

Sd ¥4
66'C
€6’

80Y"
L
X4
G590~
ST0—
90—
GE0
[4%%
(440
[449)
GS0—
ST
810
60T"
S60—
600~
d

681"
08¢’
6EC
€05
244
0LS
T0S
¥0g
Sys
00L’
S6L
SL9
SLY
686"
LLS
09¢

5

1394

dd €4
A
70T
152%
S00—
8/0—
GE0—
0]
SLO
€¢0—
18¢
§9¢€
L8V
yx4:)
809
70—
700’
G50
100~
d

€80
(744
19¢
99L
ovs
96,
8T/,
8%
L8V
8¢9’
174°)
€8y’
1943
865"
0€s”
0cy’

5

0cs
VL9

WM -Z4
6'S
i’
6LC—
€LO
10T
88/L
00¢S
88/L
629
06T
L6T
€9C
100
1¢0—
0SsT
S00—
980~
69T

d

*(0€" < ua1d111200 uaalied) pjog Ul UMOYS aJe SJuaid1}190d uasljed Jusl|es ‘Alljeu
-NWWOD = | ‘JU3ID1H30 Ula}jed = 4 ‘JUBID1H200 91N30N.3s = G 103Iey [elauas ay} pue }s33gns 8y} Usam}aq sUOIIe|a.1100 e (sSuIpeo| §) 103e) pa3e10Iun 314 WOJ) SIUBIDIHB0D 31N3ONIS J0JIe,

Vet
€6
L6T
196
c6¢
9LS
G965
494
LY
LS
3128
124
099
908"
8¢8’
6SL

S

cLE
10L
(74

OAT4

€L'LE

05’9
850"
90’
680~
160°
6¢0—
¢10—
745
860°
€60°
SE0
€10~
9z0°
TLS
99L
688"
€v9’

d

paads Suissad04d 74

Suluoseay |enydadiad :€4

Atows|n SupjIopA iZ4

uoisuayaidwo)) |eqiaA T4

SLT
L1S
89¢"
c69
L0S
ceL
089
LES
0SS
0L
L99"
119
929
VL
€0,
1L
S

NIEUEYD)

(Sd) paads 8uissad0.d 74
(¥d) Suluoseay |enydaduad :g4
(M) Adowa|N BUINIOM T4
(DA\) uoisuayaidwo?) |eqJaA T4
SUOI}E[3.1.102 1030k} PISeq-Xewold
2doUeLIEA %

anjeAuadiy

uole||aoue)

Ud4e9g |oquIAS

Sulpod

Surpuanbag JaquInN-491397
uedg ainild

ueds 3181q

dlR_WYIY

s3daouo) aunydid

SIYS19AA 24n314

Suluoseay XI1ieN

sa|zznd [ensIA

ugisaq oo|g

uolsusayaudwo)

uoljewoyu|

AJejngedop

SsallIejiuig

1s91qns A-DSIM

(009 =u)

Sp|o-JeaA-g 0} -9 a|dwes uoljezip.Jepuels ay3 Joj uoin|os 103k anbi|qo Ino4 :sisAjeue Jojoe) Adojelojdxa (A-DSIM) UoIHPT YHi4-Uaip|iyD 104 3]eds 20Uas|[21u] J3|SYoaA\  2319V.L



751

WILEY

CANIVEZ ET AL.

*1030€} pasodo.d AJ[ed139103Y3 8} Y}IM JUS)SISUOD S9IBWI}SS SdUBLIEA pUE
S1UB12144902 SMoys adA] pjog "9]easgns [edlyd.elaly-edawo = SH ‘jesjyd.elsiy-edawo = Ha ‘sssuanbiun = ;n ‘A31jeunwiwiod = .y ‘paule|dxa SUBLIEA = ,§ ‘40]JB) UO 1591qNS JO SuIpeo| = g 910N

8Ly =Ho 591" = Mo yL1 =0 g5z ="Ho Teg ="o

1473 990° S90° 160° 799’ SdUELIBA UOWWOD

005" 00§ £L50° €eo’ [4%¢) 9v0° [4%5% dduelieA|ejol
6C8  TLT ozt ove 600° 60’ 810’ 9eT— T00° €0 €co’ 18T uonejjadue)
0t 669 SLE ety 000 €00~ T100° 9€0 000° 120 €T oLy Yo4eas |oquiAs
L0S €61 €LE 1152 00 SO — 00 6v0 €00 ¢S50~ [47% Sefs Sulpod
SO G69 €00’ G50~ 000 00— VA4 8¢’ 100° 0€0’ 444 999 8uppUaNbag JaquUINN-491397
L69"  €0E 000’ €10~ 00’ 090’ 090 444 000’ LT0— 6€T 681 ueds ainyid
T8¢ 6¥9° €00’ 50— o0 0 VA4 ¥8¢’ 000’ £L00— L6V S0L ueds 3181q
8% 615 T00° 0g0’ 000 €10~ 760 £0€° S00° 0L0° 54 LYY RIEEENELY
c0L 86T €00’ €50’ £20 9T 600° €60’ €00’ LS0° LST L0S s3dasuo) aunjaid
699" 1€¢ 100° 9€0'~ 540 (474 600° 960° €00’ S50’ LT (443 SIYS19\ 24n314
LSV evS 100° 9¢0’ 080 €8T STO° ecr 000 0co’ 44 899 Sujuoseay xije
79€ 9€9’ 200 LYO— €T 81" 000 000 000 800~ v 7€9 $9|zznd [ensIA
6CS 1LYV S10 ecr T4 €9¢” 000 0o10— 000 S10 Tee SLS usisaQ>o|g
0SS 0S¥ 000’ STO° 000 00— S00° €L0 orT GESH ee 8LG uoisusya.idwio)
€€ 699 800° 60" 000 [40l0) 000 00— 86T a4 424 089 uoljewiou|
9T€ 189 900° 080~ T00° (450} 200’ o — 74 STS 0274 (0)2° Ade|ngesop
I 689 000 800~ 000 100~ L00° 280 ot [ Z4% 4474 S99 saile|lwis
2 M S q S q S q S q S q 1591gns A-DSIM

paadg 8uissatoud 74 Buluoseay |enydadiad g4 Atows|n Supjiop 24 uoisuayaidwo) |eqaA ;T4 |eaausn

$10}2€} J2PJ0-31SJ1J N0 Y}IM [9powl 103oe4Iq S AJojelojdxa
ue 03 3ujpJodde (009 = U) Sp|o-JeaA-g 0} -9 ajdwies uoljezipiepuels ayy 404 (A-DSIM) UOIIPT YHi4-Uaip|iyD 404 9]edS 30UaS1||93U] I9|SYIIAA 93 U] 9UELIeA JO S921n0S € 374VL



752 WI LEY CANIVEZ ET AL.

Table 3 also shows @ and w5 that were estimated based on the SL results. The oy coefficient for general intelli-
gence (.821) was high and sufficient for scale interpretation; however, the wyg coefficients for the four group factors
(VC, WM, PR, PS) were considerably lower (.174-.478). Thus, for the four group factors, with the possible exception
of PS, unit-weighted composite scores based on these indicators would likely possess too little true score variance for

clinical interpretation (Reise, 2012; Reise et al., 2013) for the 6- to 8-year-old age group.

2.3.3 | Ages 9-11 first-order EFA: Four-factor extraction

Table 4 shows results of four-factor extraction with promax rotation for 9- to 11-year-olds. The g loadings ranged from
.226 (Cancellation) to .803 (Vocabulary) and all were within the fair-to-good range (except Coding, Symbol Search,
Cancellation). Picture Concepts failed to exhibit salient pattern loadings on any group factor. Table 4 shows robust
Verbal Comprehension (Similarities, Vocabulary, Information, Comprehension), Perceptual Reasoning (Block Design,
Visual Puzzles, Matrix Reasoning, Figure Weights), Working Memory (Arithmetic, Digit Span, Picture Span, Letter-
Number Sequencing), and Processing Speed (Coding, Symbol Search, Cancellation) factors with theoretically consis-
tent subtest associations. Picture Concepts was again a fair indicator of general intelligence but was not adequately
associated with any of the four group factors; although its highest pattern coefficient was on Perceptual Reasoning.
There were no subtests with salient cross-loadings. The moderate-to-high factor correlations shown in Table 4 (.392 to
.724) imply a higher-order or hierarchical structure that requires explication (Gorsuch, 1983) and the Schmid-Leiman

procedure was applied to better understand variance apportionment among general and group factors.

2.3.4 | Ages9-11SL bifactor analyses: Four first-order factors

Results for the Schmid and Leiman orthogonalization of the higher-order factor analysis are shown in Table 5. All sub-
tests were properly associated (higher residual variance) with their theoretically proposed factor after removing g vari-
ance except Picture Concepts, which had equivalent residual loadings with Perceptual Reasoning and Verbal Compre-
hension. The g factor accounted for 33.6% of the total variance and 64.1% of the common variance.

The general factor also accounted for between 4.0% (Cancellation) and 52.4% (Vocabulary) of individual subtest
variability. At the first-order level, VC accounted for an additional 5.4% of the total variance and 10.4% of the common
variance, PR accounted for an additional 3.3% of the total variance and 6.4% of the common variance, WM accounted
for an additional 3.6% of the total variance and 6.9% of the common variance, and PS accounted for an additional 6.4%
of the total variance and 12.3% of the common variance. The general and group factors combined to measure 52.4% of
the variance in WISC-V scores resulting in 47.6% unique variance (combination of specific and error variance).

Also presented in Table 5 are wy; and wys coefficients that were estimated based on the SL results. The wy coeffi-
cient for general intelligence (.817) was high and sufficient for scale interpretation; however, the w5 coefficients for
the four group factors (VC, WM, PR, PS) were considerably lower (.064-.517). Thus, unit-weighted composite scores
for the four group factors, with the possible exception of PS, would likely possess too little true-score variance for clin-
ical interpretation (Reise, 2012; Reise et al., 2013) for the 9- to 11-year-old age group.

2.3.5 | Ages 12-14first-order EFA: Four-factor extraction

Table 6 shows results of four-factor extraction with promax rotation for 12- to 14-year-olds. The gloadings ranged from
.252 (Cancellation) to .806 (Vocabulary) and all were within the fair-to-good range (except Coding, Symbol Search, Can-
cellation). Picture Concepts and Arithmetic had salient factor pattern coefficients on the Verbal Comprehension factor
but no other factors. Table 6 shows robust Verbal Comprehension (Similarities, Vocabulary, Information, Comprehen-
sion), Working Memory (Digit Span, Picture Span, Letter-Number Sequencing), Perceptual Reasoning (Block Design,
Visual Puzzles, Matrix Reasoning, Figure Weights), and Processing Speed (Coding, Symbol Search, Cancellation) fac-
tors with theoretically consistent subtest associations. Oddly, Picture Concepts and Arithmetic migrated away from
their theoretically consistent factors to the Verbal Comprehension factor. No salient cross-loadings were observed.
The moderate-to-high factor correlations presented in Table 6 (.399 to .732) imply a higher-order or hierarchical
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structure that required explication (Gorsuch, 1983) and the Schmid-Leiman procedure was applied to better under-

stand variance apportionment among general and group factors.

2.3.6 | Ages 12-14 SL bifactor analyses: Four first-order factors

Results for the Schmid and Leiman orthogonalization of the higher-order factor analysis are shown in Table 7. All sub-
tests were properly associated (higher residual variance) with their theoretically proposed factor after removing g vari-
ance except Picture Concepts and Arithmetic, which had somewhat higher residual loadings with the Verbal Compre-
hension factor. The g factor accounted for 38.3% of the total variance and 67.4% of the common variance.

The general factor also accounted for between 5.1% (Cancellation) and 53.6% (Vocabulary) of individual subtest
variability. At the first-order level, VC accounted for an additional 5.4% of the total variance and 9.5% of the common
variance, WM accounted for an additional 3.3% of the total variance and 5.8% of the common variance, PR accounted
for an additional 3.5% of the total variance and 6.2% of the common variance, and PS accounted for an additional 6.3%
of the total variance and 11.1% of the common variance. The general and group factors combined to measure 56.7% of
the variance in WISC-V scores resulting in 43.3% unique variance (combination of specific and error variance).

Table 7 also shows @y and wys coefficients that were estimated based on the SL results. Because of subtest migra-
tion of Picture Concepts and Arithmetic on Verbal Comprehension, omega-hierarchical and omega-subscale coeffi-
cients were estimated with Picture Concepts and Arithmetic loadings on Verbal Comprehension as well as with their
theoretically consistent loadings on Perceptual Reasoning and Working Memory, respectively. The @y coefficient for
general intelligence (.847, .842) was high and sufficient for scale interpretation; however, the wyyg coefficients for the
four group factors (VC, WM, PR, PS) were considerably lower (.149-.503, .173-.503). Thus, unit-weighted composite
scores for the four group factors based on these indicators, with the possible exception of PS, likely possess too little
true score variance for clinical interpretation (Reise, 2012; Reise et al., 2013) for 12- to 14-year-olds.

2.3.7 | Ages 15-16 first-order EFA: Four-factor extraction

Table 8 shows the results of four-factor extraction with promax rotation. The g loadings ranged from .243 (Cancella-
tion) to .813 (Vocabulary) and all were within the fair-to-good range (except Coding, Symbol Search, and Cancellation).
Picture Concepts had a salient pattern coefficient on the Verbal Comprehension factor. Arithmetic failed to exhibit
salient pattern loadings on any group factor but had split loadings on Verbal Comprehension (.299), Working Mem-
ory (.291), and Perceptual Reasoning (.291), that would be salient considering a confidence interval. Figure Weights
had a secondary cross-loading with Verbal Comprehension. Table 8 shows robust Verbal Comprehension (Similarities,
Vocabulary, Information, Comprehension), Working Memory (Digit Span, Picture Span, Letter-Number Sequencing),
Perceptual Reasoning (Block Design, Visual Puzzles, Matrix Reasoning, Figure Weights), and Processing Speed (Cod-
ing, Symbol Search, Cancellation) factors with theoretically consistent subtest associations. Picture Concepts again
migrated away from its theoretically related factor to the Verbal Comprehension factor. The moderate-to-high factor
correlations shown in Table 6 (.323 to .754) imply a higher-order or hierarchical structure that required explication
(Gorsuch, 1983) and the Schmid-Leiman procedure was applied to better understand variance apportionment among
general and group factors.

2.3.8 | Ages 15-16 SL bifactor analyses: Four first-order factors

Results for the Schmid and Leiman orthogonalization of the higher-order factor analysis are shown in Table 9. All sub-
tests were properly associated (higher residual variance) with their theoretically proposed factor after removing g vari-
ance except Picture Concepts, which had higher residual loading on the Verbal Comprehension factor. The g factor
accounted for 37.5% of the total variance and 66.7% of the common variance.

The general factor also accounted for between 5.2% (Cancellation) and 56.9% (Arithmetic) of individual subtest
variability. At the first-order level, VC accounted for an additional 5.1% of the total variance and 9.1% of the common
variance, WM accounted for an additional 4.2% of the total variance and 7.4% of the common variance, PS accounted

for an additional 6.8% of the total variance and 12.1% of the common variance, and PR accounted for an additional 2.6%



757

"(4030B) pausisse A|[ed13210aY3 8y} J0j ueyy Jage|

D= SeM g SUIPEO|-SS0.D 249UM) J0IOB) DIBUIBHE UB U}IM P3IRID0SSE SDJBWLIISS 9IUBLIEA PUE SIUDIDIHR02 SMOYS 9dA} J1[e3| J03oey pasododd A|[ed132408U3 943 UM JU3SISUOI SJRWIISD 9IUBLIEA PUB
[L]  sjuapiyye0d smoys adAy pjog “o[easqns [eaiydJelaly-esawo = SHa ‘|esjyouesaiy-eSawo = Ho ‘ssauanbiun = ,;n ‘Ajjeunwiwod = ;Y ‘paule|dxd 3oUELIEA = ,G “I0}Ie) UO 3533qNS JO SUIPEO| = g "9J0N
m €05’ = "o gL ="M ere ="Ho Ge1 ="Ho rg ="o DA UHM ¥V pue Dd
W £0g = M 61 =" €91 =M z5e = Lyg ="o INM UM JY “dd YHM Dd
1195 290 850’ G60° L9 SdUELIEA UOWWOD
eey 199 €90° Geo €eo’ S0’ €8¢ SdUeLIeA [ej0L
89/, TET LT STY 200’ 6€0° L00° €80~ T00° 0€0’ 150 Sce uonej|dued
vy ¥SS 6€€’ 289 900° SLO 000 810’ T00° 820~ 60T LSV Uo.eas joquiAs
8Ge"  Tv9" 99t €89’ 00’ 290~ 200’ o 000 00’ oLT 4574 Suipod
Sve 6999 000 (e140) S00 €L0— 9T eov 500 cLO 414 769 8urouanbag JaquInNN-491917
905 vév 100° 1€0— 600° 760’ 90T 74> 100° 20— (745 ST9 ueds a4nyld
16T 60L 100° 9€0'— 000 10— 1124 651’ 000’ ¢l0— L6V S0L ueds 18I
YSy 9vS 000’ 110° 910’ Ler 810’ SET 0€0° VLT 44 769’ dlRuwyIY
L 8LT 100° 1€0— €10’ eI 100° 20 vE0° 81" 62T 6Ly s3daduo) aunjaid
6SY TYS [40(0) 60— 690 £€9T 110° 90T 800° 060° oSt 1.9 SIY319M 24n314
0SS 0S¥’ 100° 20 8€0’ S6T 900° 6L0° G10° 1745 T6¢ SCy Sujuoseay xijeN
¥0E 969 000 £L00'— T4 vos’ 100° 8€0— 000 100~ 11274 99’ S$3|2znd [ensIA
SSYT She 110 SoT” 8eT” CLE 000 110— 100° Sco 6€ 8¢y usisaQ@>poolg
91" ¥89 £00 180 900 9L0'— 000 800 LLT %474 76€ 8¢9 uojsuaya.dwo)
61€ 189 100 €0~ €00 850 100 8¢0— €8T’ 8¢y’ €6y’ oL uoljeulioju]
9cT vLL 000’ STO— 000 610~ 000’ 900~ LET L8V 9€g’ (4974 Ale|ngesop
80€" T69° 000’ 00— o0 479 000 L00° 99T 80t 174 veL saile|lwis
zn 4 zS q ) q zS q S q zS q 1591qns A-DSIM
paads 8uissad04d 4 Bujuoseay |enydadiad €4 Atows|n BunjIop :Z4 uoisuayaidwo) |equaA ;T4 |eJauan)
$1030B4 J9PJ0-3S41} INOJ YHM [9pow J03oejIq S Adojelojdxa
ue 03 SuIpJod2e (009 = U) SP|0-JedA-1,T 03 - T d|dwes uoiezipiepuels ay3 Joj (A-DSIM) UoIIPT YHI4-Uua.p|iyD) J0J 9]e2S 32ua8||[91U] J3|SUISIAA Y] Ul 9DUBLIBA JO S92UN0S £ 3T1dVL

CANIVEZ ET AL.



CANIVEZ ET AL.

WILEY

*(0€" < ua1d111200 uaalied) pjog Ul UMOYS aJe SJuaid1}190d uasljed Jusl|es ‘Alljeu
-NWWOD = | ‘JU3ID1H30 Ula}jed = 4 ‘JUBID1H200 91N30N.3s = G 103Iey [elauas ay} pue }s33gns 8y} Usam}aq sUOIIe|a.1100 e (sSuIpeo| §) 103e) pa3e10Iun 314 WOJ) SIUBIDIHB0D 31N3ONIS J0JIe,

- Yaaa 199 vSL (¥d) Suluoseay [enydadiad 4
- 474 €ce (Sd) paads Buissadold ¢4
- S0L (M) Adows|y BuBjIOM 124
- (DA) uoisuayaidwo)) [eqIsA T4
¥d 4 Sd g4 IANM 24 JATA SUOI3E[24102 J03OB) Paseq-xewo.d
9¢€¢C 1497 oc'L 8/CY SdUBLIBA %
z8 €01 191 YL anjeAuasiy
06T 0gT SOT 8Ty’ 96¢’ ()44 8v0’ 125 00T~ eve uoije|[2oued
Sv9" 08¢’ 600 108" 98/’ 8ve’ 90~ eTe 8L0° 157 U24e3S [0qUIAS
GSq 8T¢ 910~ Sy 6EL 174 Geo Sve 900~ /8¢ 3u1po)
69 474 LET— LLT €50~ 1) 668 89¢ G5O’ €LY 8u1pUANDbIS JaqUINN-491397]
744 891" 870"~ 4% LLO° 989 STy LTS 880 1452 ueds a1nyid
L99° 685" 80T 43 [4<(0) [4%:3 0LL L9G vL0'— erL ueds 3181q
Sv9 (444 16T L9¢ 920 L0L 16T [474 66T 661 RIEEENELY
€8T SO 154% 6¢C 810 evy’ 1%4% 01s €1¢e YA sydasuo) aunydid
erg LY 15774 00c 8T~ €9 9L0° €59’ €0¢ 089 SJYSI9MN 24n314
'ra4 S19” 19¢ 08¢ 600"~ 4 V6T LLS L or9” Sujuoseay x1eN
£09’ vLL T0L 1ece 00— S1G GS0— 9€9" 4% 60L $9Jzznd [ensIA
969" 48 €18 24 SeET ST 90T — 1452 [0} 8¢l usisaQo|g
LTS €55 00’ 44 890° ers 010~ oTL 869 089 uoisusya.idwio)
59’ 424 ecr 1744 S0~ ovs G50~ 08’ L90 74 uoljewioyu|
evL 69" 745 9¢eT 180~ 629 9v0’ 968’ eSS/ €18 Ade|ngesop
9cL 174 69T~ 88¢C 150° 453 000 Sv8 956 L9L saite|iwis
24 S d S d S d S d S 1533qNS A-DSIM
Sujuoseay |enydadiad 4 paads Suissad04d :€4 Atows|n SupjIopA iZ4 uoisuayaidwo)) |eqiaA T4 eledauan)
(oot = u) splo

-Je9A-9T 03 -GT d|dwes uoljezip.Jepuels ayj 0} UoIIN|os J03oe) anbi|qo o4 :SisA[eue 103oe) A103eto|dxa (A-DSIM) UoINPT Yli4-Uuaip|iyD Joj 9]eds 9ouagi||a3u] J3|SYyoap  8319V.L



759

"(4030B) pausisse A|[ed13210aY3 8y} J0j ueyy Jage|

D= SeM g SUIPEO|-SS0.D 249UM) J0IOB) DIBUIBHE UB U}IM P3IRID0SSE SDJBWLIISS 9IUBLIEA PUE SIUDIDIHR02 SMOYS 9dA} J1[e3| J03oey pasododd A|[ed132408U3 943 UM JU3SISUOI SJRWIISD 9IUBLIEA PUB
[L]  sjuapiyye0d smoys adAy pjog “o[easqns [eaiydJelaly-esawo = SHa ‘|esjyouesaiy-eSawo = Ho ‘ssauanbiun = ,;n ‘Ajjeunwiwod = ;Y ‘paule|dxd 3oUELIEA = ,G “I0}Ie) UO 3533qNS JO SUIPEO| = g "9J0N
m TeT ="Ho 0gg ="*Ho 60z =*Ho yig ="Ho Trg ="o DAYIM Dd
W 801" = *Heo ogg = Ho 60z = Ho e =sHe ryg = "o dd Yumod
LYO 1745 L0 T60° L99° SdUELIEA UOWWOD
8ey" 799 9c0° 890° 449} 150° SLE dduelie/ [ejol
818" 8T’ €00’ [4<(0) 1743 414 T00° 8¢0’ €00’ €60~ [4<(0) 12T uonej|dued
9ve  ¥S9 000 00’ L8V 869 000 120~ 00 1344} oT 90t Yo.eas joquiAs
LYy €SS 000 800~ oct’ 959 000 (0740} 000 €00~ [44% 6v¢e Suipod
91€  ¥89 500 690~ 00 VA% O SLT 1748 T100° 620 v €9 8uruaNnbag JaquINN-491917
8¢S TLV 100° 20— S00° 890’ 4345 o€ {400} LYO G5 9LG ueds a4nyld
62 1LY €00’ S0’ [4el0) 9¥0’ [{vA 44 200’ 6€0'— 424 089’ uedsu8iq
98¢ vv9 120° SYT 100° €co’ 620° oLt Sco 8GT" 699 vSL dlRuwyIY
8T, 8T S00° 0L0° 000 910’ S00 TL0° 8z0 99T 1244 1494 s3daduo) aunjaid
c6y 80§ 610’ [44A 110° SOT'— 200 14%4¢) 920 9T oct’ 8v9 SIY319M 24n314
€L5 LTV (40 08T 000 800~ 1o eI 800° 160 eLE 1154 Sujuoseay xie|N
0ot" 009 et 0se’ 000 00"~ T00° ze0— 900° 8.0 LY 989’ S$3|2znd [ensIA
L1E €89 SoT 901" 710 oct 700 90— 000 L10 00¢’ L0L usisaQ>2o|g
P7AZN 74 000° 00 00" 090 000° 900~ LET 0LE €8¢’ 619 uojsuaya.dwo)
GGe  Sv9y” 00’ 190 00 8¥0'— 100 ce0— 991" L0V oLy £89" uoljeulioju]
69T 1eL 00’ €90° S00° L0~ 100° 120 091" oot 198 74 Ale|ngesop
09z OovL L00° G80— [40l0) SPO° 000’ 000 LST L0S Ly 889" saile|lwis
zn 24 S q zS q S q S q zS q 1591qns A-DSIM
Suluoseay [en1dadiad 74 paads 8uissad04d :€4 Atows|n SupjuopA iZ4 uoisuayaidwo)) |equap ;T4 [ZENED)
$1030B4 J9PJ0-3S41} INOJ YHM [9pow J03oejIq S Adojelojdxa
ue 03 SuIpJod2e (Q0f = U) SP|0-1edA-9T 01 -GT d|dwies uoiezipiepuels ay3 Joj (A-DSIAN) UoIHPT YHI4-Uua.p|iyD) J0J 9]e2S 92ua8||[91U] J3|SUISAA Y] Ul 9DUBLIBA JO S92UN0S 6 31dVL

CANIVEZ ET AL.



760 WI LEY CANIVEZ ET AL.

of the total variance and 4.7% of the common variance. The general and group factors combined to measure 56.2% of
the variance in WISC-V scores resulting in 43.8% unique variance (combination of specific and error variance).

Also shown in Table 9 are wy and wyg coefficients that were estimated based on the SL results. Because of subtest
migration of Picture Concepts on Verbal Comprehension, omega-hierarchical and omega-subscale coefficients were
estimated with Picture Concepts loading on Verbal Comprehension as well as with its theoretically consistent load-
ing on Perceptual Reasoning. The wy, coefficient for general intelligence (.844, .841) was high and sufficient for scale
interpretation; however, the wyg coefficients for the four group factors (VC, WM, PR, PS) were considerably lower
(.108-.530, .131-.530). Thus, for the four group factors, with the possible exception of PS, unit-weighted composite
scores based on these indicators would likely possess too little true score variance for clinical interpretation (Reise,
2012; Reise et al., 2013) for the 15- to 16-year-old age group.

2.4 | One- two-, and three-factor extraction

Examination of results when extracting fewer than four factors paralleling those of Canivez et al. (2016) resulted in
structures that were not consistent with previous versions of the WISC nor other Wechsler scales. One-, two-, and
three-factor models fused theoretically meaningful constructs indicative of underextraction and were judged unsatis-
factory (Gorsuch, 1983; Wood et al., 1996).

3 | DISCUSSION

The WISC-V Technical and Interpretive Manual claimed support for a five first-order and one higher-order (g) factor
model for the 16 primary and secondary subtests. Structural validity support was based exclusively on CFA as no EFA
results were included. Also absent were decomposed variance estimates (or any variance estimates) for the higher-
order and lower-order factors and model-based reliability (wy and wys) estimates that would provide users of the
WISC-V information necessary for judging the psychometric fitness of provided scores (Canivez, 2010, 2014a; Canivez
& Kush, 2013; Rodriguez et al., 2016). Given the absence of these necessary analyses and summary statistics, the
present study used EFA and hierarchical EFA methods to assess the WISC-V structure to examine CFA and EFA con-
vergence or divergence among four age groups in the WISC-V standardization sample.

Consistent with the findings from Canivez et al. (2016), who investigated the WISC-V structure with the total stan-
dardization sample, the present study also indicated there was no EFA evidence to support a five-factor representation
of the WISC-V within any of the four age groups examined (see Figures A1-A4 in Appendix A and Tables B1 through B8
in Appendix B in the online supplemental materials). Forced extraction of five factors resulted in the fifth factor having
only one subtest with a salient factor pattern loading and is inadequate (Preacher & MacCallum, 2003).

Also consistent with Canivez et al. (2016) was general support for most subtests’ association with a four-factor
model that was similar to the WISC-IV. In each of the four age groups, the Verbal Comprehension subtests (Similari-
ties, Vocabulary, Information, Comprehension), Working Memory subtests (Digit Span, Picture Span, Letter-Number
Sequencing), Perceptual Reasoning subtests (Block Design, Visual Puzzles, Matrix Reasoning, Figure Weights), and
Processing Speed subtests (Coding, Symbol Search, Cancellation) were consistently associated with the theoretical
constructs previously posited (i.e., WISC-IV, WAIS-1V, WPPSI-1V) despite changes in subtest content. The subtests
thought to represent separate Visual Spatial (Block Design and Visual Puzzles) and Fluid Reasoning (Matrix Reason-
ing and Figure Weights) factors merged together in all four age groups and appear to represent the former Perceptual
Reasoning factor present in the WISC-1V and WAIS-IV. It appears that FW and MR are weaker indicators of Perceptual
Reasoning than are BD and VP, but they clearly did not produce a separate Fluid Reasoning factor. These results, as
with those from Canivez et al. (2016), fail to support the publisher's creation of separate Visual Spatial and Fluid Rea-
soning factors and standardized factor index scores that represent them. Other evidence of problems with specifying
separate Visual Spatial and Fluid Reasoning factors is present in the redundant loading of FR on general intelligence
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reported in CFA in the WISC-V Technical and Interpretive Manual and shown in Figure 1, as well as in Chen et al. (2015).
Thus, it appears that the WISC-V has been overfactored as represented in the WISC-V Technical and Interpretive Manual.

Following transformation with the Schmid and Leiman (1957) procedure, the WISC-V g factor accounted for 5 to 6
times more variance than any single group factor and approximately twice the variance of all four group factors com-
bined in all four age groups. To further show the general dominance of subtest measurement of general intelligence,
Figure 2 shows the portions of subtest variance apportioned to the general intelligence dimension and the portions of
subtest variance apportioned to the four WISC-V group factors. With the exception of the CD, SS, and CN subtests;
most common subtest variance was that associated with general intelligence in each of the four age groups and that
what is primarily measured is general intelligence, not the group factors.

Also, the wy coefficients for the g factor in all four age groups (.817-.847) were high and indicated large portions of
true score variance attributable to unit-weighted scores based on all subtests. The w5 coefficients for the four group
factorsin all four age groups were considerably lower (range of .131 to.280 for the VC, PR, and WM factors), falling far
below the minimum threshold of .50 suggested by Reise (2012) and Reise et al. (2013) for confident clinical interpreta-
tion. That is, they captured too little unique true score variance once g variance was removed. The w5 coefficients for
the PS factor in all four age groups ranged from .478 to .530 and approached or met the minimum standard for possi-
ble interpretation. These results appear to support Carroll's model but not Cattell-Horn, as pointed out by Cucina and
Howardson (2017).

Arithmetic was associated with Working Memory for the 6-8 and 9- to 11-year-old age groups, but migrated to
Verbal Comprehension for the 12- to 14-year-old age group and was not saliently associated with any group factor
in the 15- to 16-year-old age group (its variance spread evenly between VC, PR, and WM). Numerous problems with
Arithmetic as a subtest in Wechsler scales have been described (Canivez & Kush, 2013; Canivez et al., 2016; Watkins &
Ravert, 2013). As suggested previously (Canivez & Kush, 2013; Canivez et al., 2015; Watkins & Ravert, 2013) it is likely
time for Arithmetic to be removed as an indicator of Working Memory.

As observed by Canivez et al. (2016), Picture Concepts failed to demonstrate salient loadings on any factors in the
6-8 and 9-to 11-year-old age groups and when it did saliently load on a factor it was on a theoretically inconsistent one
(VC). This may be the reason the publisher does not include Picture Concepts in any regularly calculated factor-based
scores (PC is only used to replace a Fluid Reasoning subtest in calculating the FSIQ because of spoiling either Matrix
Reasoning or Figure Weights). Given its failure to saliently load on any latent factor, its inclusion as a substitute for
Matrix Reasoning or Figure Weights for estimating the FSIQ from a Fluid Reasoning area may be questionable.

The superiority of general intelligence observed in all four age groups is identical to that found by Canivez et al.
(2016) with the total WISC-V standardization sample and similar to other studies of Wechsler scales using both EFA
and CFA methods (Bodin et al., 2009; Canivez, 2014a; Canivez & Watkins, 2010a, 2010b; Canivez et al., 2017a; Dom-
browski, Canivez, & Watkins, 2018; Gignac & Watkins, 2013; Lecerf & Canivez, 2017; McGill & Canivez, 2016, 2017;
Nelson et al., 2013; Watkins, 2006; 2010; Watkins & Beaujean, 2014; Watkins et al., 2006, 2013, 2017) and other intel-
ligence tests (Canivez, 2008; Canivez & McGill, 2016; Canivez et al., 2009; Cucina & Howardson, 2017; DiStefano &
Dombrowski, 2006; Dombrowski, 2013, 2014a, 2014b; Dombrowski & Watkins, 2013; Dombrowski et al., 2009; Dom-
browski, Golay, McGill & Canivez, 2018a; Dombrowski, McGill, & Canivez, 2017a,2017b, 2018b; Dombrowski, McGill,
Canivez & Peterson, 2018c; Nelson & Canivez, 2012; Nelson et al., 2007). These results are also consistent with the
broader professional literature on the importance and dominance of general intelligence (Deary, 2013; Jensen, 1998;
Lubinski, 2000; Ree et al., 2003).

As would be predicted by Frazier and Youngstrom (2007), too little true score variance was associated with the
four WISC-V group factors, with the possible exception of PS, to warrant confident clinical interpretation (Reise, 2012;
Reise et al., 2013). Gustafsson (1984) noted that, “individual differences in cognitive performance can be understood
in terms of several sources of variance, some of which are broad and some of which are narrow” (p. 67) and Gorsuch
(1983) explained that, “in science, the concern is with generalizing as far as possible and as accurately as possible. Only
when the broad and not so broad generalities do not apply to a given solution does one move to the narrowest, most
specific level of generality” (p. 249). Most of the WISC-V variance was contributed by a broad general factor so the
WISC-V general factor is “of definite interest” (Gorsuch, 1983, p. 253) but the “lower order factors may be of little
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interest” (Wolff & Preising, 2005, p. 50). As pointed out by Cucina and Howardson (2017), such evidence supports
the three-stratum theory proposed by Carroll (1993, 2003) but not the structure advanced by Cattell-Horn, which
ostensibly is a two-stratum model (no g factor).

Given the absence of important information from the WISC-V Technical and Interpretive Manual as described in the
present study as well as results from Canivez et al. (2016) and Canivez et al. (2017a), researchers and clinicians using
the WISC-V must rely on the extant literature to adequately evaluate which WISC-V scores have sufficient reliabil-
ity and validity for interpretation and use. Numerous studies have published results at odds with those provided in
test technical manuals (cf. Canivez, 2008; Canivez & McGill, 2016; Canivez & Watkins, 2010a, 2010b; DiStefano &
Dombrowski, 2006; Dombrowski, 2013, 2014a, 2014b; Dombrowski et al., 2009; Dombrowski, McGill, & Canivez,
2017a,b; McGill & Canivez, 2017; Watkins, 2006), but such information should have been included in those technical
manuals in the first place.

Researchers and clinicians must rely on more than the test technical manuals to use test scores appropriately as
they bear “the ultimate responsibility for appropriate test use and interpretation” (American Educational Research
Association, American Psychological Association, & National Council on Measurement in Education, 2014, p. 141). The
present results, in addition to those of Canivez et al. (2016, 2017a), will assist users of the WISC-V to "know what their
tests can do and act accordingly (Weiner, 1989, p. 829).

3.1 | Limitations

Correlations provided in the Technical and Interpretive Manual Supplement (Wechsler, 2014c) were analyzed because
NCS Pearson declined to provide the WISC-V standardization sample raw data. Analytical methods such as exploratory
structural equation modeling (ESEM; Asparouhov & Muthén, 2009) might be a viable alternative to traditional EFA,
but ESEM requires participant raw data, which were unavailable. Thus, the correlations from the technical manual
were used but are rounded to two decimals and therefore could be less precise than correlations produced from
raw data. However, greater precision would not be warranted by the sample size of each age group (Bedeian, Stur-
man, & Streiner, 2009) and it is unlikely that the present results were substantially impacted by two-digit precision
(Carroll, 1993). Another limitation is that the present study, while informative, may provide results that differ from
those that might be produced by a CFA bifactor model. Reise (2012) indicated that the EFA-based SL procedure pro-
duces an approximate bifactor solution that is a reparameterization of the higher-order structure and contains propor-
tionality constraints (Yung et al., 1999), but the SL procedure is the dominant exploratory approach to assessing bifac-
tor structure in EFA. Use of CFA bifactor modeling as well as examination of factor invariance across these four age
groups will further test the latent structure of the WISC-V and the present results will facilitate plausible CFA models
to test invariance examination (Brown, 2015; Carroll, 1998). Such analyses would extend those of Reynolds and Keith
(2017) by examining invariance of the bifactor structure with four group factors rather than only the first-order subtest
alignment. Finally, these results may not extend to populations not well represented in the WISC-V normative sam-
ple. For example, profoundly gifted individuals may exhibit meaningful cognitive patterns that do not emerge among

standardization samples (Robertson, Smeets, Lubinski, & Benbow, 2010).

4 | CONCLUSIONS

Results from this study provide important considerations for clinical interpretation of scores from the WISC-V. The
results of analyses across the four age groups support interpretation of the general intelligence estimate (FSIQ). Lower-
order (index scores) are generally not supported for interpretation with the possible exception of the PSI. Independent
analyses of the WISC-V failed to support the test publisher's posited five-factor structure. Because there was no evi-
dence for separate Visual Spatial and Fluid Reasoning factors in any of these four age groups or the full standardiza-
tion sample (Canivez et al., 2016, 2017a), the publisher should consider producing revised norms tables for a four-
factor model where the former Perceptual Reasoning factor is estimated in place of separate Visual Spatial and Fluid
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Reasoning factors. The overfactoring of the WISC-V in the WISC-V Technical and Interpretive Manual and factor index

scores for VS and FR will likely result in misinterpretation and errors in clinical decision making (Beaujean, 2015b;
Dombrowski, 2015). As shown in the present study as well as with the full standardization sample (Canivez et al., 2016;
2017a; Dombrowski, Canivez, Watkins, & Beaujean, 2015), primary interpretation of the WISC-V should be at the FSIQ
level and consideration of other score interpretations must be made in light of the extremely small portions of true

score variance uniquely captured by the factor index scores.

ORCID

Gary L. Canivez ([2) http://orcid.org/0000-0002-5347-6534
Stefan C. Dombrowski (12) http://orcid.org/0000-0002-8057-3751
Marley W. Watkins (1) http://orcid.org/0000-0001-6352-7174

REFERENCES

American Educational Research Association, American Psychological Association, & National Council on Measurement in
Education. (2014). Standards for educational and psychological testing. Washington, DC: American Educational Research
Association.

Asparouhov, T., & Muthén, B. (2009). Exploratory structural equation modeling. Structural Equation Modeling, 16, 397-438.

Beaujean, A. A. (2015a). John Carroll's views on intelligence: Bi-factor vs. higher-order models. Journal of Intelligence, 3, 121-
136.

Beaujean, A. A. (2015b). Adopting a new test edition: Psychometric and practical considerations. Research and Practice in the
Schools, 3,51-57.

Beaujean, A. A. (2016). Reproducing the Wechsler Intelligence Scale for Children-Fifth Edition: Factor model results. Journal of
Psychoeducational Assessment, 34, 404-408.

Bedeian, A. G., Sturman, M. C,, & Streiner, D. L. (2009). Decimal dust, significant digits, and the search for stars. Organizational
Research Methods, 12, 687-694.

Bodin, D., Pardini, D. A., Burns, T. G., & Stevens, A. B. (2009). Higher order factor structure of the WISC-1V in a clinical neuropsy-
chological sample. Child Neuropsychology, 15,417-424.

Briggs, N. E., & MacCallum, R. C. (2003). Recovery of weak common factors by maximum likelihood and ordinary least squares
estimation. Multivariate Behavioral Research, 38, 25-56.

Brown, T. A. (2015). Confirmatory factor analysis for applied research(2nd ed.). New York, NY: Guilford.

Brunner, M., Nagy, G., & Wilhelm, O. (2012). A tutorial on hierarchically structured constructs. Journal of Personality, 80, 796~
846.

Canivez, G. L. (2008). Orthogonal higher-order factor structure of the Stanford-Binet Intelligence Scales for children and ado-
lescents. School Psychology Quarterly, 23,533-541.

Canivez, G.L.(2010). Review of the Wechsler Adult Intelligence Test-Fourth Edition. In R. A. Spies, J. F. Carlson, & K. F. Geisinger
(Eds.), The eighteenth mental measurements yearbook (pp. 684-688). Lincoln, NE: Buros Institute of Mental Measurements.

Canivez, G. L. (2011). Hierarchical factor structure of the Cognitive Assessment System: Variance partitions from the Schmid-
Leiman (1957) procedure. School Psychology Quarterly, 26, 305-317.

Canivez, G. L. (2014a). Construct validity of the WISC-1V with a referred sample: Direct versus indirect hierarchical structures.
School Psychology Quarterly, 29, 38-51.

Canivez, G. L. (2014b). Review of the Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition. In J. F. Carlson, K. F.
Geisinger, & J. L. Jonson (Eds.), The nineteenth mental measurements yearbook (pp. 732-737). Lincoln, NE: Buros Institute of
Mental Measurements.

Canivez, G. L. (2016). Bifactor modeling in construct validation of multifactored tests: Implications for understanding multidi-
mensional constructs and test interpretation. In K. Schweizer & C. DiStefano (Eds.), Principles and methods of test construc-
tion: Standards and recent advancements (pp. 247-271). Gottingen, Germany: Hogrefe.

Canivez, G.L.,&Kush, J.C.(2013). WISC-IV and WAIS-IV structural validity: Alternate methods, alternate results. Commentary
on Weiss et al. (2013a) and Weiss et al. (2013b). Journal of Psychoeducational Assessment, 31, 157-169.

Canivez, G. L., & McGill, R. J. (2016). Factor structure of the Differential Ability Scales-Second Edition: Exploratory and hierar-
chical factor analyses with the core subtests. Psychological Assessment, 28, 1475-1488.


http://orcid.org/0000-0002-5347-6534
http://orcid.org/0000-0002-5347-6534
http://orcid.org/0000-0002-8057-3751
http://orcid.org/0000-0002-8057-3751
http://orcid.org/0000-0001-6352-7174
http://orcid.org/0000-0001-6352-7174

CANIVEZ ET AL. Wl LEY 765

Canivez, G. L., & Watkins, M. W. (2010a). Investigation of the factor structure of the Wechsler Adult Intelligence Scale-Fourth
Edition (WAIS-IV): Exploratory and higher-order factor analyses. Psychological Assessment, 22, 827-836.

Canivez, G. L., & Watkins, M. W. (2010b). Exploratory and higher-order factor analyses of the Wechsler Adult Intelligence Scale-
Fourth Edition (WAIS-1V) adolescent subsample. School Psychology Quarterly, 25,223-235.

Canivez, G. L., & Watkins, M. W. (2016). Review of the Wechsler Intelligence Scale for Children-Fifth Edition: Critique, com-
mentary, and independent analyses. In A. S. Kaufman, S. E. Raiford, & D. L. Coalson (Eds.), Intelligent testing with the WISC-V
(pp. 683-702). Hoboken, NJ: Wiley.

Canivez, G. L., Konold, T. R, Collins, J. M., & Wilson, G. (2009). Construct validity of the Wechsler Abbreviated Scale of Intelli-
gence and Wide Range Intelligence Test: Convergent and structural validity. School Psychology Quarterly, 24, 252-265.

Canivez, G. L., Watkins, M. W., James, T., James, K., & Good, R. (2014). Incremental validity of WISC-IVUK factor index scores
with a referred Irish sample: Predicting performance on the WIAT-11YK. British Journal of Educational Psychology, 84, 667-
684.

Canivez, G. L., Watkins, M. W., & Dombrowski, S. C. (2016). Factor structure of the Wechsler Intelligence Scale for Children-
Fifth Edition: Exploratory factor analyses with the 16 primary and secondary subtests. Psychological Assessment, 28,
975-986.

Canivez, G. L., Watkins, M. W., & Dombrowski, S. C. (2017a). Structural validity of the Wechsler Intelligence Scale for Children-
Fifth Edition: Confirmatory factor analyses with the 16 primary and secondary subtests. Psychological Assessment, 29,
458-472.

Canivez, G. L., Watkins, M. W,, Good, R., James, K., & James, T. (2017b). Construct validity of the WISC-IV UK with a
referred Irish sample: Wechsler and CHC model comparisons with 15 subtests. British Journal of Educational Psychology, 87,
383-407.

Carretta, T.R,, & Ree, J. J. (2001). Pitfalls of ability research. International Journal of Selection and Assessment, 9, 325-335.

Carroll, J. B. (1993). Human cognitive abilities. Cambridge, UK: Cambridge University Press.
Carroll, J. B. (1995). On methodology in the study of cognitive abilities. Multivariate Behavioral Research, 30, 429-452.

Carroll, J. B. (1997). Theoretical and technical issues in identifying a factor of general intelligence. In B. Devlin, S. E. Fienberg,
D. P. Resnick, & K. Roeder (Eds.), Intelligence, genes, and success: Scientists respond to the Bell Curve (pp. 125-156). New York,
NY: Springer.

Carroll, J. B. (1998). Human cognitive abilities: A critique. In J. J. McArdle & R. W. Woodcock (Eds.), Human cognitive abilities in
theory and practice (pp. 5-23). Mahwah, NJ: Erlbaum.

Carroll, J. B. (2003). The higher-stratum structure of cognitive abilities: Current evidence supports g and about ten broad fac-
tors. In H. Nyborg (Ed.), The scientific study of general intelligence: Tribute to Arthur R. Jensen (pp. 5-21). New York, NY: Perga-
mon.

Cattell, R. B. (1966). The scree test for the number of factors. Multivariate Behavioral Research, 1,245-276.

Cattell, R. B., & Horn, J. L. (1978). A check on the theory of fluid and crystallized intelligence with description of new subtest
designs. Journal of Educational Measurement, 15, 139-164.

Chen, F.F,, Hayes, A, Carver, C. S., Laurenceau, J.-P, & Zhang, Z. (2012). Modeling general and specific variance in multifaceted
constructs: A comparison of the bifactor model to other approaches. Journal of Personality, 80,219-251.

Chen, H., Zhang, O, Raiford, S.E., Zhu, J., & Weiss, L. G. (2015). Factor invariance between genders on the Wechsler Intelligence
Scale for Children-Fifth Edition. Personality and Individual Differences, 86, 1-5.

Cheung, G.W., & Rensvold, R. B.(2002). Evaluating goodness-of-fit indexes for testing measurement invariance. Structural Equa-
tion Modeling, 9, 233-255.

Child, D. (2006). The essentials of factor analysis(3rd ed.). New York, NY: Continuum.

Crawford, A. V,, Green, S. B, Levy, R., Lo, W.-J,, Scott, L., Svetina, D., & Thompson, M. S. (2010). Evaluation of parallel analysis
methods for determining the number of factors. Educational and Psychological Measurement, 70, 885-901.

Cucina, J., & Byle, K. (2017). The bifactor model fits better than the higher-order model in more than 90% of comparisons for
mental abilities test batteries. Journal of Intelligence, 5, 27-47.

Cucina, J. M., & Howardson, G. N. (2017). Woodcock-Johnson-11l, Kaufman Adolescent and Adult Intelligence Test (KAIT),
Kaufman Assessment Battery for Children (KABC), and Differential Ability Scales (DAS) support Carroll but not Cattell-
Horn. Psychological Assessment, 29, 1001-1015.

Deary, I. J. (2013). Intelligence. Current Biology, 23, 673-676.
DeVellis, R. F.(2017). Scale development: Theory and applications(4th ed.). Thousand Oaks, CA: Sage.



766 WI LEY CANIVEZ ET AL.

DiStefano, C., & Dombrowski, S. C. (2006). Investigating the theoretical structure of the Stanford-Binet-Fifth Edition. Journal
of Psychoeducational Assessment, 24, 123-136.

Dombrowski, S. C. (2013). Investigating the structure of the WJ-11l Cognitive at school age. School Psychology Quarterly, 28,
154-169.

Dombrowski, S. C. (2014a). Exploratory bifactor analysis of the WJ-111 Cognitive in adulthood via the Schmid-Leiman proce-
dure. Journal of Psychoeducational Assessment, 32, 330-341.

Dombrowski, S. C. (2014b). Investigating the structure of the WJ-11l1 Cognitive in early school age through two exploratory
bifactor analysis procedures. Journal of Psychoeducational Assessment, 32, 483-494.

Dombrowski, S. C. (2015). Psychoeducational assessment and report writing. New York, NY: Springer.

Dombrowski, S. C., Canivez, G. L., & Watkins, M. W. (2018). Factor structure of the 10 WISCV primary subtests across four
standardization age groups. Contemporary School Psychology, 22, 90-104.

Dombrowski, S. C., McGill, R. J., & Canivez, G. L. (2017a). Exploratory and hierarchical factor analysis of the WJ IV Cognitive at
school age. Psychological Assessment, 29, 394-407.

Dombrowski, S. C., McGill, R. J., & Canivez, G. L. (2017b). Exploratory and hierarchical factor analysis of the WJ IV Full Test
battery. School Psychology Quarterly, https://doi.org/10.1037/spq0000221

Dombrowski, S. C., Golay, P, McGill, R. J., & Canivez, G. L. (2018a). Investigating the theoretical structure of the DAS-II core
battery at school age using Bayesian structural equation modeling. Psychology in the Schools, 55, 190-207.

Dombrowski, S. C., McGill, R. J., & Canivez, G. L. (2018b). An alternative conceptualization of the theoretical structure of the
WIJ IV Cognitive at school age: A confirmatory factor analytic investigation. Archives of Scientific Psychology, 6, 1-13.

Dombrowski, S. C., McGill, R. J., Canivez, G. L., & Peterson, C. H. (2018c). Investigating the theoretical structure of the Differen-
tial Ability Scales-Second Edition through hierarchical exploratory factor analysis. Journal of Psychoeducational Assessment,
https://doi.org/10.1177/0734282918760724

Dombrowski, S. C., & Watkins, M. W. (2013). Exploratory and higher order factor analysis of the WJ-III full test battery: A school
aged analysis. Psychological Assessment, 25, 442-455.

Dombrowski, S. C., Watkins, M. W., & Brogan, M. J. (2009). An exploratory investigation of the factor structure of the Reynolds
Intellectual Assessment Scales (RIAS). Journal of Psychoeducational Assessment, 27, 494-507.

Fabrigar, L. R., Wegener, D. T., MacCallum, R. C., & Strahan, E. J. (1999). Evaluating the use of exploratory factor analysis in
psychological research. Psychological Methods, 4, 272-299.

Frazier, T. W., & Youngstrom, E. A. (2007). Historical increase in the number of factors measured by commercial tests of cogni-
tive ability: Are we overfactoring? Intelligence, 35, 169—-182.

Gignac, G. E. (2005). Revisiting the factor structure of the WAIS-R: Insights through nested factor modeling. Assessment, 12,
320-329.

Gignac, G. E. (2006). The WAIS-111 as a nested factors model: A useful alternative to the more conventional oblique and higher-
order models. Journal of Individual Differences, 27, 73-86.

Gignac, G. (2008). Higher-order models versus direct hierarchical models: G as superordinate or breadth factor? Psychology
Science Quarterly, 50,21-43.

Gignac, G. E., & Watkins, M. W. (2013). Bifactor modeling and the estimation of model-based reliability in the WAIS-IV. Multi-
variate Behavioral Research, 48, 639-662.

Glutting, J. J., Youngstrom, E. A,, Ward, T., Ward, S., & Hale, R. (1997). Incremental efficacy of WISC-III factor scores in predicting
achievement: What do they tell us? Psychological Assessment, 9,295-301.

Glutting, J. J., Adams, W., & Sheslow, D. (2000). Wide Range Intelligence Test: Manual. Wilmington, DE: Wide Range.

Glutting, J. J., Watkins, M. W., Konold, T.R., & McDermott, P. A. (2006). Distinctions without a difference: The utility of observed
versus latent factors from the WISC-1V in estimating reading and math achievement on the WIAI-II. Journal of Special Edu-
cation, 40, 103-114.

Golay, P, & Lecerf, T. (2011). Orthogonal higher order structure and confirmatory factor analysis of the French Wechsler Adult
Intelligence Scale (WAIS-111). Psychological Assessment, 23, 143-152.

Goldberg, L. R., & Velicer, W. F. (2006). Principles of exploratory factor analysis. In S. Strack (Ed.), Differentiating normal and
abnormal personality( 2nd ed., pp. 209-237). New York, NY: Springer.

Gorsuch, R. L. (1983). Factor analysis(2nd ed.). Hillsdale, NJ: Erlbaum.
Gorsuch, R. L. (1997). Exploratory factor analysis: Its role in item analysis. Journal of Personality Assessment, 68, 532-560.
Gustafsson, J. E. (1984). A unifying model for structure of intellectual abilities. Intelligence, 8, 179-203.


https://doi.org/10.1037/spq0000221
https://doi.org/10.1177/0734282918760724

CANIVEZ ET AL. Wl LEY 767

Gustafsson, J.-E., & Snow, R. E. (1997). Ability profiles. In R. F. Dillon (Ed.), Handbook on testing (pp. 107-135). Westport, CT:
Greenwood.

Horn, J. L. (1965). A rationale and test for the number of factors in factor analysis. Psychometrika, 30, 179-185.

Horn, J.L.(1991). Measurement of intellectual capabilities: A review of theory. In K.S. McGrew, J. K. Werder, & R. W. Woodcock
(Eds.), Woodcock-Johnson technical manual( rev. ed., pp. 197-232). Itasca, IL: Riverside.

Horn, J. L., &Blankson, A.N. (2012). Foundations for better understanding of cognitive abilities. In D. P. Flanagan & P. L. Harrison
(Eds.), Contemporary intellectual assessment: Theories, tests, and issues( 3rd ed., pp. 73-98). New York, NY: Guilford.

Horn, J. L., & Cattell, R. B. (1966). Refinement and test of the theory of fluid and crystallized general intelligence. Journal of
Educational Psychology, 57,253-270.

Jennrich, R. 1., & Bentler, P. M. (2011). Exploratory bi-factor analysis. Psychometrika, 76, 537-549.
Jensen, A.R. (1998). The g factor: The science of mental ability. Westport, CT: Praeger.

Kaiser, H. F. (1960). The application of electronic computers to factor analysis. Educational and Psychological Measurement, 20,
141-151.

Kaufman, A. S. (1994). Intelligent testing with the WISC-IIl. New York, NY: Wiley.
Kaufman, A. S., & Kaufman, N. L. (2004). Kaufman Assessment Battery for Children-Second Edition. Circle Pines, MN: AGS.
Kline, R. B. (2011). Principles and practice of structural equation modeling(3rd ed.). New York, NY: Guilford.

Le, H., Schmidt, F. L., Harter, J. K., & Lauver, K. J. (2010). The problem of empirical redundancy of constructs in organizational
research: An empirical investigation. Organizational Behavior and Human Decision Processes, 112, 112-125.

Lecerf, T., & Canivez, G. L. (2017). Complementary exploratory and confirmatory factor analyses of the French WISC-V: Analy-
ses based on the standardization sample. Psychological Assessment, https://doi.org/10.1037/pas0000526

Little, T. D., Slegers, D. W., & Card, N. A. (2006). A non-arbitrary method of identifying and scaling latent variables in SEM and
MACS models. Structural Equation Modeling, 13,59-72.

Lubinski, D. (2000). Scientific and social significance of assessing individual differences: “Sinking shafts at a few critical points.”
Annual Review of Psychology, 51,405-444.

McClain, A. L. (1996). Hierarchical analytic methods that yield different perspectives on dynamics: Aids to interpretation.
Advances in Social Science Methodology, 4, 229-240.

McDonald, R. P.(1999). Test theory: A unified treatment. Mahwah, NJ: Erlbaum.

McGill, R. J., & Canivez, G. L. (2016). Orthogonal higher order structure of the WISC-IV Spanish using hierarchical exploratory
factor analytic procedures. Journal of Psychoeducational Assessment, 34, 600-606.

McGill, R. J., & Canivez, G. L. (2017). Confirmatory factor analyses of the WISC-IV Spanish core and supplemental sub-
tests: Validation evidence of the Wechsler and CHC models. International Journal of School and Educational Psychology,
https://doi.org/10.1080/21683603.2017.1327831

Millsap, R. E. (2007). Structural equation modeling made difficult. Personality and Individual Differences, 42, 875-881.

Morin, A. J., Arens, A. K., Tran, A., & Caci, H. (2016). Exploring sources of construct-relevant multidimensionality in psychiatric
measurement: A tutorial and illustration using the Composite Scale of Morningness. International Journal of Methods in Psy-
chiatric Research, 25(4),277-288.

Mundfrom, D. J., & Shaw, D. G. (2005). Minimum sample size recommendations for conducting factor analyses. International
Journal of Testing, 5, 159-168.

Nasser, F., Benson, J., & Wisenbaker, J. (2002). The performance of regression-based variations of the visual scree for deter-
mining the number of common factors. Educational and Psychological Measurement, 62, 397-419.

Nelson, J. M., & Canivez, G. L. (2012). Examination of the structural, convergent, and incremental validity of the Reynolds Intel-
lectual Assessment Scales (RIAS) with a clinical sample. Psychological Assessment, 24, 129-140.

Nelson, J. M., Canivez, G. L., Lindstrom, W., & Hatt, C. (2007). Higher-order exploratory factor analysis of the Reynolds Intellec-
tual Assessment Scales with a referred sample. Journal of School Psychology, 45, 439-456.

Nelson, J. M., Canivez, G. L., & Watkins, M. W. (2013). Structural and incremental validity of the Wechsler Adult Intelligence
Scale-Fourth Edition (WAIS-1V) with a clinical sample. Psychological Assessment, 25, 618-630.

Preacher, K. J., & MacCallum, R. C. (2003). Repairing Tom Swift's electric factor analysis machine. Understanding Statistics, 2,
13-43.

Psychological Corporation (1999). Wechsler Abbreviated Scale of Intelligence. San Antonio, TX: Author.

Raykov, T. (1997). Scale reliability, Cronbach's coefficient alpha, and violations of essential tau-equivalence with fixed con-
generic components. Multivariate Behavioral Research, 32, 329-353.


https://doi.org/10.1037/pas0000526
https://doi.org/10.1080/21683603.2017.1327831

768 WI LEY CANIVEZ ET AL.

Ree, M. J,, Carretta, T. R,, & Green, M. T. (2003). The ubiquitous role of g in training. In H. Nyborg (Ed.), The scientific study of
general intelligence: Tribute to Arthur R. Jensen (pp. 262-274). New York, NY: Pergamon.

Reise, S. P.(2012). The rediscovery of bifactor measurement models. Multivariate Behavioral Research, 47, 667-696.

Reise, S. P, Moore, T. M., & Haviland, M. G. (2010). Bifactor models and rotations: Exploring the extent to which multidimen-
sional data yield univocal scale scores. Journal of Personality Assessment, 92, 544-559.

Reise, S. P, Moore, T. M., & Maydeu-Olivares, A. (2011). Target rotations and assessing the impact of model violations on the
parameters of unidimensional item response theory models. Educational and Psychological Measurement, 71, 684-711.

Reise, S. P, Bonifay, W. E., & Haviland, M. G. (2013). Scoring and modeling psychological measures in the presence of multidi-
mensionality. Journal of Personality Assessment, 95, 129-140.

Reynolds, C. R., & Kamphaus, R. W. (2003a). Reynolds Intellectual Assessment Scales. Lutz, FL: Psychological Assessment
Resources.

Reynolds, C. R., & Kamphaus, R. W. (2003b). Reynolds Intellectual Assessment Scales professional manual. Lutz, FL: Psychological
Assessment Resources.

Reynolds, M. R, & Keith, T. Z. (2017). Multi-group and hierarchical confirmatory factor analysis of the Wechsler Intelligence
Scale for Children-Fifth Edition. Intelligence, 62, 31-47.

Robertson, K. F,, Smeets, S., Lubinski, D., & Benbow, C. P. (2010). Beyond the threshold hypothesis: Even among the gifted and
top math/science graduate students, cognitive abilities, vocational interests, and lifestyle preferences matter for career
choice, performance, and persistence. Current Directions in Psychological Science, 19, 346-351.

Rodriguez, A., Reise, S. P, & Haviland, M. G. (2016). Applying bifactor statistical indices in the evaluation of psychological mea-
sures. Journal of Personality Assessment, 98,223-237.

Roid, G. (2003a). Stanford-Binet Intelligence Scales: Fifth Edition. Itasca, IL: Riverside.

Roid, G. (2003b). Stanford-Binet Intelligence Scales: Fifth Edition, technical manual. Itasca, IL: Riverside.

Schmid, J., & Leiman, J. M. (1957). The development of hierarchical factor solutions. Psychometrika, 22, 53-61.

Spearman, C. (1927). The abilities of man. New York, NY: Cambridge University Press.

Strauss, E., Spreen, O., & Hunter, M. (2000). Implications of test revisions for research. Psychological Assessment, 12, 237-244.

Strickland, T., Watkins, M. W.,, & Caterino, L. C. (2015). Structure of the Woodcock-Johnson Il Cognitive Tests in a referral
sample of elementary school students. Psychological Assessment, 27, 689-697.

Thompson, B. (2004). Exploratory and confirmatory factor analysis: Understanding concepts and applications. Washington, DC:
American Psychological Association.

Thurstone, L. L. (1947). Multiple-factor analysis. Chicago, IL: University of Chicago Press.

Velicer, W. F. (1976). Determining the number of components form the matrix of partial correlations. Psychometrika, 31, 321-
327.

Velicer, W. F,, Eaton, C. A,, & Fava, J. L. (2000). Construct explication through factor or component analysis: A view and eval-
uation of alternative procedures for determining the number of factors or components. In R. D. Goffin & E. Helmes (Eds.),
Problems and solutions in human assessment: A festschrift to Douglas Jackson at seventy (pp. 41-71). Norwell, MA: Kluwer.

Watkins, M. W. (2000). Monte Carlo PCA for Parallel Analysis [Computer software]. State College, PA: Ed & Psych Associates.
Watkins, M. W. (2004). MacOrtho [Computer software]. State College, PA: Ed & Psych Associates.

Watkins, M. W. (2006). Orthogonal higher-order structure of the Wechsler Intelligence Scale for Children-Fourth Edition. Psy-
chological Assessment, 18, 123-125.

Watkins, M. W. (2007). SEscree [Computer software]. State College, PA: Ed & Psych Associates.

Watkins, M. W. (2010). Structure of the Wechsler Intelligence Scale for Children-Fourth Edition among a national sample of
referred students. Psychological Assessment, 22,782-787.

Watkins, M. W. (2013). Omega [Computer software]. Phoenix, AZ: Ed & Psych Associates.

Watkins, M. W. (2017). The reliability of multidimensional neuropsychological measures: From alpha to omega. The Clinical
Neuropsychologist, 31,1113-1126.

Watkins, M. W,, & Beaujean, A. A. (2014). Bifactor structure of the Wechsler Preschool and Primary Scale of Intelligence-Fourth
Edition. School Psychology Quarterly, 29, 52-63.

Watkins, M. W., & Ravert, C. M. (2013). Subtests, factors, and constructs: What is being measured by tests of intelligence? In
J. C. Kush (Ed.), Intelligence quotient: Testing, role of genetics and the environment and social outcomes (pp. 55-68). Hauppauge,
NY: Nova.



CANIVEZ ET AL. Wl LEY 769

Watkins, M. W., Wilson, S. M., Kotz, K. M., Carbone, M. C., & Babula, T. (2006). Factor structure of the Wechsler Intelligence
Scale for Children-Fourth Edition among referred students. Educational and Psychological Measurement, 66, 975-983.

Watkins, M. W., Canivez, G. L., James, T., James, K., & Good, R. (2013). Construct validity of the WISC-IVUYK with a large referred
Irish sample. International Journal of School & Educational Psychology, 1, 102-111.

Watkins, M. W., Dombrowski, S. C., & Canivez, G. L. (2017). Reliability and factorial validity of the Canadian
Wechsler Intelligence Scale for Children-Fifth Edition. International Journal of School and Educational Psychology,
https://doi.org/10.1080/21683603.2017.1342580

Wechsler, D. (1939). The measurement of adult intelligence. Baltimore, MD: Williams & Wilkins.

Wechsler, D. (1949). Wechsler intelligence scale for children. New York, NY: The Psychological Corporation.

Wechsler, D. (2003). Wechsler Intelligence Scale for Children-Fourth Edition. San Antonio, TX: The Psychological Corporation.
Wechsler, D. (2008). Wechsler Adult Intelligence Scale-Fourth Edition. San Antonio, TX: NCS Pearson.

Wechsler, D. (2012). Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition. San Antonio, TX: NCS Pearson.
Wechsler, D. (2014a). Wechsler Intelligence Scale for Children-Fifth Edition. San Antonio, TX: NCS Pearson.

Wechsler, D. (2014b). Wechsler Intelligence Scale for Children-Fifth Edition technical and interpretive manual. San Antonio, TX: NCS
Pearson.

Wechsler, D. (2014c). Technical and interpretive manual supplement: Special group validity studies with other measures and additional
tables. San Antonio, TX: NCS Pearson.

Weiner, I. B. (1989). On competence and ethicality in psychodiagnostic assessment. Journal of Personality Assessment, 53, 827~
831.

Wolff, H.-G., & Preising, K. (2005). Exploring item and higher order factor structure with the Schmid-Leiman solution: Syntax
codes for SPSS and SAS. Behavior Research Methods, 37,48-58.

Wood, J. M., Tataryn, D. J., & Gorsuch, R. L. (1996). Effects of under- and over-extraction on principal axis factor analysis with
varimax rotation. Psychological Methods, 1, 354-365.

Yuan, K.-H., & Chan, W. (2005). On nonequivalence of several procedures of structural equation modeling. Psychometrika, 70,
791-798.

Yung, Y.-F,, Thissen, D., & McLeod, L. (1999). On the relationship between the higher-order factor model and the hierarchical
factor model. Psychometrika, 64, 113-128.

Zinbarg, R. E., Revelle, W,, Yovel, |., & Li, W. (2005). Cronbach's alpha, Revelle's beta, and McDonald's omega h: Their relations
with each other and two alternative conceptualizations of reliability. Psychometrika, 70, 123-133.

Zinbarg, R.E., Yovel, |, Revelle, W., & McDonald, R. P. (2006). Estimating generalizability to a latent variable common to all of a
scale's indicators: A comparison of estimators for wj,. Applied Psychological Measurement, 30, 121-144.

Zoski, K. W., & Jurs, S. (1996). An objective counterpart to the visual scree test for factor analysis: The standard error scree.
Educational and Psychological Measurement, 56,443-451.

Zwick, W.R., & Velicer, W.F.(1986). Comparison of five rules for determining the number of components to retain. Psychological
Bulletin, 117,253-269.

SUPPORTING INFORMATION

Additional supporting information may be found online in the Supporting Information section at the end of the article.

How to cite this article: Canivez GL, Dombrowski SC, Watkins MW. Factor structure of the WISC-V in four
standardization age groups: Exploratory and hierarchical factor analyses with the 16 primary and secondary
subtests. Psychol Schs. 2018;55:741-769. https://doi.org/10.1002/pits.22138



https://doi.org/10.1080/21683603.2017.1342580
https://doi.org/10.1002/pits.22138



