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ABSTRACT

KEYWORDS

The factorial structure of the WISC-IV for 859 Spanish children diagnosed with ADHD was
examined. A bifactor model with the four factors first identified by Wechsler (2003a) was the
best fit to the data. The Coding and Symbol Search subtests were particularly poor measures of g
but relatively strong measures of the Processing Speed factor. In contrast, the Block Design (BD)
and Picture Concepts (PC) subtests were relatively strong measures of g but weak measures of the
Perceptual Reasoning factor. In fact, 80% of the BD variance and 97.8% of the PC variance and was
due to the general factor. Additionally, the Wechsler bifactor model was invariant across ADHDCombined and ADHD-Inattentive groups, permitting a direct comparison of WISC-IV across
children diagnosed with these subtypes of ADHD. Only the FSIQ exhibited robust estimates of
reliability (ω = .85 and ωh = .70). In contrast, the group factor scores were unreliable measures of
their proposed underlying factors (ωhs coefficients ranging from .14 to .50). It is unlikely that WISCIV index score profiles can validly contribute to ADHD assessments. Consequently, clinicians must
produce psychometric evidence to justify the interpretation of Wechsler score profiles for children
with ADHD.
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Some researchers have suggested that Wechsler
Intelligence Scales for Children (WISC) score patterns
could be valuable indicators for attention-deficit hyperactivity disorder (ADHD) assessment (Flanagan &
Kaufman, 2009; Mayes & Calhoun, 2004; Schwean &
Saklofske, 2005). Specifically, it has been hypothesized
that children with ADHD are characterized by lower
Processing Speed Index (PSI) or Working Memory
Index (WMI) scores than children who do not have
ADHD (Mayes & Calhoun, 2006; Thaler, Bello, &
Etcoff, 2013). In fact, groups of children with ADHD
have been found to exhibit a cognitive profile marked
by lower PSI and WMI scores (Fenollar-Cortés,
Navarro-Soria, González-Gómez, & García-Sevilla,
2015; Mayes & Calhoun, 2006; Scheirs & Timmers,
2009; Snow & Sapp, 2000; Yang et al., 2013).
Consequently, clinicians have been advised that a
unique WISC profile with low WMI or PSI scores is
indicative of ADHD (Smitha, Dennis, Varghese, &
Vinayan, 2014; Walg, Hapfelmeier, El-Wahsch, &
Prior, 2017). Nevertheless, the diagnostic accuracy of
WISC cognitive patterns for individual children with
ADHD seems to be low (Devena & Watkins, 2012).

Most recent studies of WISC score patterns have
applied the WISC-IV (Wechsler, 2003b) and have implicitly assumed that the factor structure of the WISC-IV is
identical across clinical and normative groups. If the
WISC-IV is not measuring the same constructs with
equal fidelity across clinical and normative groups,
then scores may differ due to influences such as time,
gender, age, or assessment method, rather than clinical
condition. That is, there would be “no clear basis for
drawing inferences from the scores” (Kline, 2016, p. 396)
and reliance on score patterns would be invalid. Thus,
the structural validity of the WISC-IV among children
with ADHD must be established before any analysis of
score patterns can be undertaken (Wicherts, 2016).

Factor structure of the WISC-IV
Standardization sample
According to Wechsler (2003a), the WISC-IV has 10 core
subtests that are indicators of four correlated factors:
Verbal Comprehension (VC), Perceptual Reasoning
(PR), Working Memory (WM), and Processing Speed
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(PS). Five supplemental subtests can be administered if
needed for additional information or to substitute for one
of the core subtests. Wechsler reported that this fourfactor oblique structure was supported by exploratory
(EFA) and confirmatory (CFA) factor analyses with
both the 10 core subtest and the 15 subtest complete
battery. A similar structure was proposed for the WISCIV in other countries (e.g., Wechsler, 2004a, 2004b, 2005a,
2005b, 2005c, 2007, 2008, 2012).
Although the scoring structure of the WISC-IV
includes a Full Scale IQ score based on its 10 core
subtests, Wechsler (2003a) did not test a hierarchical
factor structure with a general intelligence factor corresponding to the FSIQ. As noted by Gorsuch (1983),
correlated first-order factors imply a hierarchical structure that should be “examined so that the investigator
may gain the fullest possible understanding of the data”
(p. 255). More recently, Gignac and Kretzschmar
(2017) demonstrated that correlated-factor models do
not necessarily ensure that distinctive group-level factors exist and recommended that researchers “extend
their analyses beyond a correlated-factor model,
whether from a higher-order modeling strategy or a
bifactor modeling strategy” (p. 145).
There are two major types of hierarchical structures:
higher-order and bifactor. The higher-order model
assumes that the subtests are explained in part by firstorder factors and that these factors are in turn explained
by the higher-order general factor. In this model, general
intelligence (g) is seen as a superordinate factor having a
direct effect on several group factors but an indirect effect
on the measured variables. In contrast, the bifactor model
conceptualizes g as a breadth factor having direct effects
on the measured variables (Reise, 2012). See Gignac
(2008) for a detailed description of these models.
The omission of a hierarchical factor in analyses of
the WISC-IV was soon rectified by independent
researchers. Watkins (2006) applied EFA to the
WISC-IV standardization sample by transforming an
oblique higher-order structure into an orthogonal
structure using the Schmid and Leiman (1957) transformation as recommended by Carroll (1993) and
found a strong general factor of intelligence as well as
the four group factors defined by Wechsler (2003a).
That structure was also supported by Keith (2005),
who applied CFA to the WISC-IV standardization sample and tested both higher-order and bifactor models.
Subsequently, researchers posited that a five-factor
higher-order model aligned with the Cattell-Horn-Carroll
(CHC; Schneider & McGrew, 2012) theoretical model of
intelligence might better describe the standardization sample data (Keith, Fine, Taub, Reynolds, & Kranzler, 2006). In
the CHC model, the Wechsler PR factor was split into fluid
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intelligence and visual-spatial reasoning factors.
Empirically, the general intelligence factor explained
about two thirds of the common variance in both the
Wechsler four-factor and the CHC five-factor models and
both models were good fits to the WISC-IV standardization sample data. Some researchers argued for interpretation of the CHC model (Weiss, Keith, Zhu, & Chen, 2013),
whereas others argued for interpretation of the Wechsler
model (Canivez & Kush, 2013). Similarly, both higherorder and bifactor models were good fits to the WISC-IV
standardization sample data and both models revealed the
dominant influence of the general factor. Some researchers
argued for interpretation of the higher-order model
(Reynolds & Keith, 2013) whereas others argued for interpretation of the bifactor model (Canivez, 2016). Notably,
analyses of the WISC-IV standardization sample usually
included all 15 subtests. This allowed each factor to be
defined by two or more indicators, which was sufficient
for statistical identification (McDonald & Ho, 2002).
Mixed clinical samples
IQ tests like the WISC-IV are seldom administered to
nonclinical samples. Rather, they are almost always administered to children suspected of having a disability whose
IQ scores may exhibit a factorial structure different from
children without disabilities (Strauss, Sherman, & Spreen,
2006). Therefore, empirical investigations of the factorial
structure of the WISC-IV among groups of children with
disabilities are necessary (Chen & Zhu, 2012).
Multiple studies have been conducted with mixed clinical groups (Bodin, Pardini, Burns, & Stevens, 2009;
Canivez, 2014; Chen & Zhu, 2012; Devena, Gay, &
Watkins, 2013; Nakano & Watkins, 2013; San Miguel
Montes, Allen, Puente, & Neblina, 2010; Watkins, 2010;
Watkins, Canivez, James, James, & Good, 2013; Watkins,
Wilson, Kotz, Carbone, & Babula, 2006; Weiss et al.,
2013) as well as children with learning disabilities
(Giofrè & Cornoldi, 2015; Styck & Watkins, 2016), low
IQ (Gomez, Vance, & Watson, 2017), and high IQ
(Molinero, Mata, Calero, García-Martín, & AraqueCuenca, 2015; Rowe, Dandridge, Pawlush, Thompson, &
Ferrier, 2014). As with the standardization sample,
Wechsler four-factor and CHC five-factor models in
both higher-order and bifactor structures tended to exhibit roughly equivalent fit across the clinical samples. In
consequence, some researchers argued for interpretation
of the CHC model (Weiss et al., 2013) whereas others
argued for interpretation of the Wechsler model (Bodin
et al., 2009). Likewise, some researchers argued for interpretation of the higher-order model (Chen & Zhu, 2012)
whereas others argued for interpretation of the bifactor
model (Canivez, 2014).
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Regardless of the structure and number of factors, g
was the predominant source of common variance
among all the clinical samples. Typically, these studies
only included analyses of the 10 core WISC-IV subtests.
With only 10 subtests to measure five factors, statistical
identification becomes tenuous because the factor loadings may not form independent clusters (McDonald &
Ho, 2002). That is, there may be too few pure indicators
of some factors. CHC five-factor models also abandoned
the parsimony of simple structure (Thurstone, 1947) by
allowing cross-loadings of subtests. Simple structure
honors “the purpose of science [which] is to uncover
the relatively simple deep structure principles or causes
that underlie the apparent complexity observed at the
surface structure level” (Le, Schmidt, Harter, & Lauver,
2010, p. 112).
ADHD samples
Although a few children with ADHD were included in
some of the mixed clinical samples, there has been little
research focused exclusively on these children. One
study supported a four-factor oblique structure for
the Chinese version of the WISC-IV among 334
Taiwanese children and adolescents diagnosed with
ADHD but did not test higher-order or bifactor models, nor a five-factor CHC model (Yang et al., 2013).
However, the first-order factor intercorrelations ranged
from .36 to .79 (Md = .64), indicating the presence of a
general factor (Gorsuch, 1983).
Another study applied CFA to the WISC-IV scores of
233 students diagnosed with ADHD by school multidisciplinary teams in the United States (Styck &
Watkins, 2017) and found that the Wechsler four-factor
model in both higher-order and bifactor structures were
good fits to the data. However, the higher-order fourfactor model was slightly superior in fit. Unfortunately,
CHC five-factor models were not tested and the applicability of school-based diagnoses limits comparability
with other clinical samples.
A third study included 314 children with ADHD
diagnosed by a single clinical neuropsychologist
(Thaler et al., 2015) and found that higher-order versions of the Wechsler four-factor model and the CHC
five-factor model were both good fits to the data.
However, one of the factors in the CHC model loaded
at .97 on the general factor. This indicates that those
factors were empirically redundant (Le et al., 2010),
which constitutes a major threat to discriminant validity (Brown, 2015). Unfortunately, a bifactor structure
was not tested and this study relied on participants
from one clinical practice in one U.S. city, so its generalizability may be limited.

The final study that focused on the factor structure
of the WISC-IV included 812 children with ADHD
recruited from an Australian outpatient psychiatric
clinic (Gomez, Vance, & Watson, 2016). Four-factor
and five-factor models in both higher-order and bifactor structures exhibited good fit to the data, but the
bifactor structure with four general factors was slightly
superior in fit. However, all participants were from a
single clinic in Australia, so the results may not generalize to other countries.
As with the mixed clinical samples, Wechsler
four-factor and CHC five-factor models in both
higher-order and bifactor structures tended to exhibit relatively equivalent model-to-data fits across the
ADHD samples; but researchers disagreed on
the preferred WISC-IV structure. These studies
were consistent in finding that the general intelligence factor accounted for about twice the common
variance as all the group factors combined. For the
CHC five-factor models, the independent clusters
assumption was violated and the parsimony of simple structure was abandoned because there were too
few subtests to uniquely identify all factors. Each
study was marked by distinct limitations but all
shared a common weakness: Participants included
a heterogeneous mixture of children diagnosed
with inattentive (ADHD-I) and combined (ADHDC) subtypes of ADHD.
To date, investigations of the factor structure of
the WISC-IV among children with ADHD have been
limited to versions of the WISC-IV normed in the
United States, China, and Australia. Given the sparcity of this research, further investigations are
needed. For instance, the global Spanish-speaking
community is composed of 572 million people
(Instituto Cervantes, 2017) and there have been no
published studies of the factor structure of the
Spanish version of the WISC-IV among children
with ADHD. It is also important to examine the
possible influence of ADHD subtypes because no
prior study has considered that the factor structure
of the WISC-IV might differ across subtypes (Gomez
et al., 2016; Thaler et al., 2015; Wicherts, 2016). This
lacuna is puzzling because developmental, treatment,
and genetic differences among ADHD subtypes have
been documented (Greven, Asherson, Rijsdijk, &
Plomin, 2011; Greven, Harlaar, Dale, & Plomin,
2011; Hodgson, Hutchinson, & Denson, 2014).
Accordingly, the current study had two primary
aims: (a) identify the factorial structure of the core
Spanish WISC-IV (WISC-IVspa; Wechsler, 2005c)
among children with ADHD, and (b) determine if
that structure is invariant across ADHD subtypes.
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Method
Participants
Participants were 859 children (79.3% male) newly diagnosed with ADHD, aged 6 to 16 years (M = 9.6;
SD = 2.81). All participants were of Spanish origin but
information on their race or ethnicity and socioeconomic
status was not available. Of these, 494 children (74.5%
male) met criteria for ADHD predominantly inattentive
(ADHD-I) and 365 children (88.8% male) met criteria for
ADHD-combined (ADHD-C). Complete WISC-IV data
were available for all 859 cases. Given doubts about the
validity of the ADHD predominantly hyperactive–impulsive subtype (Willcutt et al., 2012), cases with this diagnosis were not included in this study.
The ADHD subtype groups were statistically different in age (t = 4.77, df = 788, p < .001). Specifically,
there were more very young children in the ADHD-C
group and more teenagers in the ADHD-I group. The
ADHD subtype groups also differed significantly in
gender (χ2 = 16.2, df = 1, p < .001) with the ADHD-C
group having a larger proportion of males.
Comorbidity with secondary diagnoses were not statistically significant (χ2 = 10.39, df = 9, p = .32).

Instrument
The WISC-IV was normed in Spain in 2005 (WISCIVspa; Wechsler, 2005c). As with versions for other countries, its core subtest battery includes 10 subtests
(M = 10, SD = 3) that contribute to the computation of
a FSIQ score as well as four-factor index scores (M = 100,
SD = 15). Specifically, the Similarities (SI), Vocabulary
(VO), and Comprehension (CO) subtests load on the
Verbal Comprehension factor (VC); the Block Design
(BD), Picture Concepts (PC), and Matrix Reasoning
(MR) subtests account for the Perceptual Reasoning
factor (PR); the Digit Span (DS) and Letter–Number
Sequencing (LN) subtests make up the Working
Memory factor (WM); and the Coding (CD) and
Symbol Search (SS) subtests compose the Processing
Speed factor (PS). The modifications made from the
English version were marginal. For example, monetary
references were replaced by object references, names of
localities, replacement of polysemic words, and so forth.
The standardization sample included 1,590 children
aged 6–16 years stratified by age, gender, and region of
the country. The sample was representative of the
Spanish population. Wechsler (2005d) provided information on the reliability and validity of WISC-IVspa
scores. For example, the average split-half reliability of
the Full Scale Intelligence Quotient (FSIQ) for the
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standardization sample was .95 whereas the average
reliability of factor index scores ranged from .86 (PSI)
to .92 (VCI). The reliability of subtest scores ranged
from .72 (SS) to .92 (Cancellation). Concurrent validity
was supported by a comparison of WISC-IVspa scores
to other cognitive and achievement tests. Factorial
validity evidence was presented via a series of CFA
with the final structural model consisting of four correlated first-order factors (i.e., VCI, PRI, WMI, and
PSI). Neither higher-order nor bifactor models were
examined.
Procedure
Participants were selected from cases referred for neuropsychological evaluation to a university-affiliated
mental health unit in Valencia, Spain, that specialized
in the assessment and treatment of ADHD. The diagnostic algorithm was based on parent and teacher rating scales (Conners and ADHD-RS-IV scales),
sustained attention tasks (CPT), and a clinical interview
(following ADHD DSM criteria). The WISC-IVspa was
routinely included in those clinical assessments. No
supplementary subtests were administered. ADHD
diagnoses were established by master’s-level trained
psychologists, based on the information from parents
and teachers (through observation scales and interviews) and a neuropsychological test battery. The 10
core subtests of the WISC-IVspa were administered
according to standardized methods by the same master’s-level trained psychologists. Exclusion criteria were
(a) FSIQ below 70, (b) history of severe mental health
problems, (c) comorbid intellectual disability, and (d)
pharmacological treatment at the time of assessment.
Analyses
All CFA were conducted with Mplus 8.0 for Macintosh
(Muthén & Muthén, 2017) from covariance matrices
using the maximum likelihood (ML) estimator. Latent
variables were scaled by setting a reference indicator or
by setting the variance of latent variables (Brown,
2015). Parameter estimates were constrained to equality
in bifactor models when there with only two indicators
per factor.
Consistent with previous WISC-IV factorial analyses, only higher-order and bifactor models were
examined because theory (Carroll, 1993) and the
WISC-IV score structure (i.e., implied by a FSIQ
score) signify a hierarchical structure. Four-factor models followed the scoring structure of the WISC-IV
whereas in five-factor CHC models, the structure was
hypothesized to consist of (a) crystallized intelligence
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(Gc) indicated by the VO, SI, and CO subtests, (b) fluid
reasoning (Gf) loaded by the MR and PC subtests, (c)
visual processing (Gv) marked by the BD and SS subtests, (d) short-term memory (Gsm) identified by the DS
and LN subtests, and (e) processing speed (Gs) specified by the CD and SS subtests. Consistent with prior
research (Gomez et al., 2016; Thaler et al., 2015), the SS
subtest was cross-loaded on both Gv and Gs factors.
As recommended by Kline (2016), global model fit
was evaluated with multiple fit indices: model chisquare (χ2), Comparative Fit Index (CFI), root mean
square error of approximation (RMSEA), and Akaike’s
Information Criterion (AIC; Akaike, 1987). Based on
the combinational rules of Hu and Bentler (1999), good
fit required CFI ≥ .95 and RMSEA ≤ .06. For AIC,
lower values identify models more likely to generalize
(Akaike, 1987). Meaningful differences between wellfitting models was also evaluated using ΔCFI > .01,
ΔRMSEA > .015 (Chen, 2007; Cheung & Rensvold,
2002), and ΔAIC ≥ 10 (Anderson, 2008). Given that
global fit indices are averages that can mask areas of
local misfit and potentially invalidate a model
(McDonald & Ho, 2002), parameter estimates were
also examined to ensure that they made statistical and
substantive sense (Brown, 2015).
After establishing a baseline model with these methods, measurement invariance was tested between
ADHD subtypes to explore the possible differences in
the WISC-IVspa structure across subtypes. A hierarchical series of models that imposed increasingly more
stringent constraints were tested (Brown, 2015).
Configural invariance is the least stringent model: It
only imposes the constraint that variables load on the
same factors in each group. Metric invariance adds the
constraint that factor loadings are equal across groups.
Scalar invariance adds constraints on the unique factor
variances. Finally, strict invariance adds the constraint
that the observed residuals are equal across groups.
Although Wechsler (2005c) provided internal consistency estimates of reliability, it is now widely recognized that split-half and alpha coefficients are based on
statistical assumptions that are unrealistic and likely to
be violated in practice (Cho & Kim, 2015), resulting in
biased estimates of reliability (Green & Hershberger,
2000). Model-based coefficient omega provides an
alternative reliability estimate that makes fewer and
more realistic assumptions (Reise, 2012). It replaces
the classical test theory hypothesis of true and error
variance with the factor analytic conceptualization of
common and unique variance. Coefficient omega (ω) is
an estimate of the proportion of variance in the unitweighted FSIQ score attributable to both general and
group factors, whereas coefficient omega hierarchical

(ωh) is an estimate of the proportion of variance in the
unit-weighted FSIQ score attributable to the general
factor alone. Omega subscale (ωs) is an estimate of
the proportion of variance in a unit-weighted group
factor score (i.e., VCI, PRI, etc.) explained by both the
general factor and the targeted group factor. Omega
hierarchical subscale (ωhs) is an estimate of the proportion of variance in the unit-weighted group factor score
(i.e., VCI, PRI, etc.) explained solely by that group
factor independent of the general factor. Thus, ω and
ωs reflect the variance due to multiple factors, whereas
ωh and ωhs account for the variance contributed by a
single factor. A comparison of ω, ωh, ωs, and ωhs
coefficients can assist in the interpretation of general
and group factor scores (Reise, 2012; Reise, Bonifay, &
Haviland, 2013; Rodriguez, Reise, & Haviland, 2016;
Watkins, 2017).
There is no generally accepted guideline for the
sufficiency of ω and ωs coefficients for making clinical
decisions about individuals. However, they should
probably be judged like coefficient alpha values because
both index the variance of multiple common factors.
There is no universally accepted guideline for coefficient alpha values sufficient for high-stakes decisions
about individuals, but values ≥ .90 are commonly
recommended and “scores with values below .90 should
not be interpreted” (Kranzler & Floyd, 2013, p. 71).
Likewise, there are no guidelines for clinical interpretation of ωh or ωhs coefficients, but it has been recommended that they should exceed .50, although .75
would be preferred (Reise, 2012).

Results
WISC-IVspa subtest and index scores for ADHD-C,
ADHD-I, and total groups are presented in Table 1.
The mean scores for WMI, PSI, and FSIQ were lower
than the U.S. and Spanish averages (d ≈ –.57, –.56, and
–.33, respectively). These results are consistent with
previous studies with clinical samples (Fenollar-Cortés
et al., 2015; Gomez et al., 2016; Mayes & Calhoun,
2006). Nevertheless, subtest scores were univariate normal and exhibited nonsignificant multivariate kurtosis
(χ2[1] = 0.43, p = .051).
Confirmatory factor analyses (Cfas)
Global model fit statistics are presented in Table 2. The
CHC higher-order model was not a good fit to the data.
Additionally, its Gf and g factors were empirically
redundant with a loading of .98 and the Gf residual
variance term was nonsignificant, making five group
factors implausible (Gignac & Kretzschmar, 2017). The
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Table 1. WISC-IV scores for ADHD-C, ADHD-I, and total groups.
ADHD-C
Score
BD
Si
DS
PC
CD
VO
LN
MR
CO
SS
VCI
PRI
WMI
PSI
FSIQ

Mean
9.79
10.43
8.82
11.43
8.07
10.21
8.90
10.06
9.81
9.06
101.76
101.85
92.37
93.31
96.47

ADHD-I
SD
2.72
2.77
2.58
2.75
3.11
2.62
2.51
2.76
2.79
2.74
12.85
13.17
12.82
13.67
12.74

Mean
9.51
10.41
8.55
10.91
7.68
10.02
8.86
9.78
9.87
8.67
101.21
99.74
91.73
91.27
94.66

Total
SD
2.85
2.68
2.60
2.58
2.67
2.49
2.57
2.77
2.87
2.55
12.78
13.18
13.24
12.43
11.71

d
0.10
0.01
0.11
0.20*
0.13
0.08
0.16
0.10
−0.02
0.15*
0.04
0.16*
0.05
0.16*
0.15*

Mean
9.63
10.42
8.66
11.13
7.85
10.10
8.88
9.90
9.84
8.84
101.45
100.64
92.00
92.14
95.43

SD
2.79
2.72
2.59
2.67
2.87
2.55
2.54
2.77
2.83
2.64
12.81
13.21
13.06
13.00
12.18

Skew
0.10
0.36
0.30
−0.08
0.18
0.27
−0.06
0.21
0.21
0.28
0.28
0.24
0.01
0.00
0.30

Kurtosis
−0.18
0.18
0.15
−0.25
−0.06
0.05
0.06
−0.25
−0.13
0.17
0.33
−0.16
0.33
−0.24
−0.19

Note. 365 children in ADHD–Combined sample, 494 children in ADHD–Inattentive sample, and 859 in total sample. BD is Block Design, SI is Similarities, DS is
Digit Span, PC is Picture Concepts, CD is Coding, VO is Vocabulary, LN is Letter-Number Sequencing, MR is Matrix Reasoning, CO is Comprehension, SS is
Symbol Search, VCI is Verbal Comprehension Index, PRI is Perceptual Reasoning Index, WMI is Working Memory Index, PSI is Processing Speed Index, FSIQ
is Full Scale IQ, and d is Cohen’s standardized effect size.
*Statistically significant at p < .05. However, no single comparison was statistically significant at p < .0035 (to control experimentwise error rate at .05 [i.e.,
.0035 x 15 = .0525]).

Table 2. Fit statistics for the Spanish WISC-V 10 core subtests for the total ADHD sample (N = 859).
Model
Wechsler Models
Higher-Order
Bifactor
CHC Models
Higher-Order
Bifactora

χ2

df

CFI

RMSEA

90% CI RMSEA

AIC

ΔCFI

ΔRMSEA

ΔAIC

65.55
49.35

31
27

.983
.989

.036
.031

.024-.048
.017-.045

39,453
39,444

.006
0

.005
0

9
0

199.46
60.62

33
27

.918
.983

.077
.038

.067-.087
.025-.051

39,583
39,456

.071
.006

.046
.007

139
12

Note. CFI is comparative fit index, RMSEA is root mean square error of approximation, CI is confidence interval, and AIC is Akaike information criterion.
Wechsler models contain four first-order factors whereas CHC models contain five first-order factors. Loadings on factors with only two indicators were
constrained to equality to ensure identification. Indictors with best fit in bold.
a
Inadmissible results due to nonpositive definite matrix. Negative variance estimate for Matrix Reasoning subtest and for Picture Concepts subtest if Matrix
Reasoning loading subsequently constrained to zero.

CHC bifactor model produced a statistically improper
solution. That is, it had negative variance estimates for
subtests loading on the Gf factor. When that model was
modified by removing the SS subtest from the Gs factor
and fixing the BD loading on the Gv factor by specifying its reliability and variance as per Hayduk and
Littvay (2012), the model converged, but the MR and
PC subtests did not load on the Gf factor. Thus, the Gf
factor was superfluous, as in the higher-order model.
Additionally, the five-factor models are unlikely to generalize, given their ΔAIC values (Anderson, 2008;
Preacher, Zhang, Kim, & Mels, 2013). Thus, they did
not appear to be optimal solutions for the WISC-IVspa
among this sample of children with ADHD.
Both Wechsler four-factor models exhibited good
global fit to the data. The bifactor Wechsler model
was a statistically better fit than its higher-order variant
(Δχ2[4] = 16.2, p = .003) but their fit was not meaningfully different (ΔCFI = .006, ΔRMSEA = .005).
However, the higher-order model is somewhat less
likely than the bifactor model to generalize
(ΔAIC = 9). Both higher-order and bifactor models
are illustrated in Figure 1. Carroll (1993) recommended

that higher-order models be transformed via the
Schmid and Leiman (1957) technique to allow direct
interpretation of subtests akin to a bifactor model.
When that transformation was effected, the results
were not substantially different from these bifactor
model results. This approximate equivalence can be
verified by tracing the paths in the higher-order
model in Figure 1 (e.g., g to PR of .89 x PR to MR of
.70 = .62 whereas the path from g to PR in the bifactor
model was .60).
Bifactor fit might be discounted because it has been
found to take advantage of small unmodeled cross-loadings
(Murray & Johnson, 2013). However, it is currently impossible to distinguish between higher-order and bifactor
structures when the “true” generating model is unknown
(Mansolf & Reise, 2017). To its credit, the bifactor model
provides interpretational clarity because of the direct relationships between subtests and factors and thereby offers
conceptual parsimony: Group and general factors can be
interpreted in terms of their constituent subtests, whereas
the higher-order model involves interpretation of an
abstraction of an abstraction (Gignac, 2008). Given its
slightly better global fit and greater conceptual parsimony,
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Figure 1. Higher-order (top) and bifactor (bottom) models for the WISC-IV for 859 Spanish children with ADHD.
Note. g = general intelligence; VC = Verbal Comprehension Factor; PR = Perceptual Reasoning Factor; WM = Working Memory Factor;
PS = Processing Speed Factor; SI = Similarities; VO = Vocabulary; CO = Comprehension; BD = Block Design; PC = Picture Concepts;
MR = Matrix Reasoning; DS = Digit Span; LN = Letter-Number Sequencing; CD = Coding; and SS = Symbol Search.

the bifactor model was retained as the best fit to this data
even though it was marked by low loadings on the PR
factor.

Table 3 displays the sources of variance in the Wechsler
bifactor model. The general factor accounted for more
common and total variance than the group factors

Table 3. Sources of variance in the Wechsler Intelligence Scale for Children–Fourth Edition ADHD sample (N = 859) in Spain.
General
Subtest
Similarities
Vocabulary
Comprehension
Block Design
Picture Concepts
Matrix Reasoning
Digit Span
Letter-Number Sequencing
Coding
Symbol Search
Total Variance
Common Variance
ω/ωs
ωh/ωhs

VC

PR

b

b2

b

b2

.59
.65
.54
.55
.58
.60
.44
.42
.25
.30
.258
.536
.849
.703

.346
.421
.288
.298
.340
.365
.194
.180
.063
.087

.33
.60
.37

.110
.362
.135

b

.27
.09
.51

WM
b2

b

PS
b2

b

.075
.008
.264
.52
.53

.274
.285
.58
.63

.061
.126
.783
.274

b2

.035
.072
.695
.141

.056
.116
.636
.381

.332
.392
.072
.150
.607
.504

h2

u2

ECV

.455
.784
.423
.373
.348
.629
.468
.465
.395
.479
.482

.545
.216
.577
.627
.652
.371
.532
.535
.605
.521
.518

.759
.538
.682
.800
.978
.580
.416
.387
.160
.182

Note. b = standardized loading of subtest on factor, b2 = variance explained in the subtest, h2 = communality, u2 = uniqueness, ECV = explained common
variance, VC = Verbal Comprehension, PR = Perceptual Reasoning, WM = Working Memory, PS = Processing Speed, ECV is explained common variance,
ω = omega total, ωs = omega subscale ωh = omega hierarchical, ωhs = omega hierarchical subscale.
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combined (53.6% vs. 46.4% and 25.8% vs. 22.4%, respectively). Altogether, 48.2% of the WISC-IV variance was
explained by the general and group factors whereas 51.8%
was due to error and specific factors. The CD and SS
subtests were particularly poor measures of g but relatively
strong measures of the PS factor. In contrast, the BD and
PC subtests were relatively strong measures of g and relatively weak measures of the PR factor. The explained
common variance of a subtest (ECV; Rodriguez et al.,
2016) expresses the proportion of variance in its score
due to the general factor. Thus, 80% of the BD variance
and 97.8% of the PC variance were due to the general
factor.

Invariance
Based on the Wechsler bifactor model, measurement
invariance testing was conducted across ADHD subtypes. None of the models were statistically or practically significantly different (see Table 4), suggesting
that WISC-IVspa scores can be directly compared across
ADHD-C and ADHD-I groups. Of note, similar nonsignificant invariance results were obtained when oblique four-factor models were compared. Also of note,
the WISC-IVspa scores obtained for ADHD-C and
ADHD-I groups (Table 1) were almost identical given
that .20 was the largest standardized score difference.

Reliability
None of the WISC-IVspa composite scores met the .90
standard for omega coefficients but the FSIQ score was
close at .85. Only the FSIQ and PSI scores met the
omega hierarchical minimum standard of .50. Given
these low ωhs coefficients, “to interpret subscale scores
as representing the precise measurement of some latent
variable that is unique or different from the general
factor, clearly, is misguided” (Rodriguez et al., 2016,
p. 225).
Omega hierarchical coefficients also index one facet
of factorial validity. Specifically, the square root of
Table 4. Invariance tests for WISC-IV baseline bifactor model for
ADHD-C (N = 365) and ADHD-I (N = 494) groups.
Model
χ2
df
Baseline
ADHD-C 42.92 27
ADHD-I
34.30 27
Configural 77.22 54
Metric
94.38 72
Scalar
111.64 82
Strict
121.54 92

CFI

ΔCFI RMSEA ΔRMSEA

.983 –
.993 –
.988 –
.989 .001
.985 .004
.984 .001

.040
.023
.032
.027
.029
.030

–
–
–
.005
.002
.001

Δχ2

df

p

–
–
–
–
–
–
–
–
–
17.16 18 .512
9.77 5 .082
10.00 10 .441

Note: Invariance tested with immediately prior model (e.g., metric versus
configural p = .512). ΔCFI for all comparisons < .01 and ΔRMSEA < .01
(Cheung & Rensvold, 2002).
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omega hierarchical is the correlation between the factor
and the factor score. Thus, the FSIQ and PSI scores
seems to be a fair representation of their factors with
correlations of .84 and .71, respectively. However, the
group factor index scores of VCI, PRI, and WMI with
factor correlations of .52, .38, and .62, respectively, were
poor representations of their underlying factors.

Discussion
The factorial validity of the WISC-IVspa in 859 Spanish
children diagnosed with ADHD was examined. A bifactor model with the four factors first identified by
Wechsler (2003a) was the best fit to the data. In this
model, the general factor accounted for more common
and total variance than the group factors combined
(53.6% vs. 46.4% and 25.8% vs. 22.4%, respectively).
The CD and SS subtests were particularly poor measures
of g but relatively strong measures of the PS factor. In
contrast, the BD and PC subtests were relatively strong
measures of g but weak measures of the PR factor.
Additionally, the Wechsler bifactor model was invariant
across ADHD-C and ADHD-I groups, permitting a
direct comparison of WISC-IVspa across children diagnosed with these subtypes of ADHD. Only the FSIQ
exhibited robust estimates of reliability (ω = .85 and
ωh = .70). In contrast, the group factor scores were
unreliable measures of their proposed underlying factors
(ωhs = .27 for VCI, .14 for PRI, .38 for WMI, and .50 for
PSI scores).
Consistent with our results, previous studies have
also supported the Wechsler bifactor model in ADHD
samples in Australia and the United States (Gomez
et al., 2016; Styck & Watkins, 2017). These results are
also in accord with previous research investigating the
factorial validity of the WISC-IV with other clinical
samples in several countries (Canivez, 2014; Devena
et al., 2013; Gomez et al., 2017; Molinero et al., 2015;
Styck & Watkins, 2016; Watkins, 2010; Watkins et al.,
2013) and its U.S. normative sample (Canivez & Kush,
2013; Watkins, 2006) as well as with the U.S. normative
samples of other cognitive batteries (Cucina &
Howardson, 2017). Furthermore, a Wechsler bifactor
structure has also been preferred for the recently published WISC-V (Canivez, Watkins, & Dombrowski,
2016, 2017; Wechsler, 2014).
Some researchers have suggested that interpretation
of WISC index scores (score profiles, differences
between primary or secondary index scores, etc.)
could provide clinically meaningful information for
assessment and diagnosis of ADHD (Fenollar-Cortés
et al., 2015; Loh, Piek, & Barrett, 2011; Mayes &
Calhoun, 2006; Parke, Thaler, Etcoff, & Allen, 2015;
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Smitha et al., 2014; Thaler et al., 2013; Theiling &
Petermann, 2014; Walg et al., 2017). This approach
assumes that factor index scores are sufficiently reliable
for such comparisons and that each WISC factor index
score can be interpreted as a unidimensional measure
of its purported factor (Glass, Ryan, Charter, & Bartels,
2009). For example, the Processing Speed latent construct is consistently and solely responsible for PSI
scores. To the contrary, the WISC-IV is multidimensional with multiple latent variables contributing to its
factor index scores. For instance, the PSI score is composed of variance contributed by the general factor, the
PS factor, random error, and systematic subtest variance not shared with other subtests. The current study
demonstrated that the majority of the PSI score variance was due to random error and nonshared systematic variance (see the uniqueness values in Table 3 for
Coding and Symbol Search subtests), making it an
unreliable measure of the processing speed construct.
Further, it is a mistake to interpret multidimensional
scales as if they are unidimensional (Reise, 2012). To
avoid this mistake, omega coefficients can be contrasted
with omega hierarchical coefficients to gauge the dimensionality and interpretability of each composite score
(Gignac & Kretzschmar, 2017; Reise, 2012; Rodriguez
et al., 2016). For instance, Reise (2012) concluded that
with low ωhs coefficients, “the interpretation of the subscales as precise indicators of unique constructs is extremely limited—very little reliable variance exists beyond
that due to the general factor” (p. 691). Rodriguez et al.
(2016) noted that low ωhs coefficients indicate that “unitweighted subscale scores are highly troublesome because
their variance mostly reflects a general trait and not the
specific trait intended to be assessed” (p. 233). Similarly,
DeMars (2013) judged that “when loadings on the
[group] factors are low, only the general factor score
carries a reliable interpretation” (p. 375). The low ωhs
coefficients found in the current study make it highly
unlikely that WISC-IV index score profiles can validly
contribute to ADHD assessments. Notably, Gomez et al.
(2016) arrived at the same conclusion after studying the
factor structure of the WISC-IV in their sample of children with ADHD.
As with all research, this study has limitations. First,
the categorical diagnostic approach for ADHD has been
questioned due to doubts about the reliability and
validity of ADHD subtypes (Willcutt et al., 2012). A
dimensional diagnostic approach might result in different ADHD groups. Second, the study did not include
the five WISC-IV supplemental subtests, making it
difficult to adequately evaluate CHC models.
Nevertheless, the supplemental subtests of the WISCIV are rarely used in clinical practice, so our results

may be useful for typical clinical applications. Third,
some sociodemographic variables such as parent education level, region of country, family income, race, and
so forth, were not considered. These variables could be
included in future studies. Fourth, there was no objective method to verify the accuracy of our ADHD diagnoses. However, concern over this limitation is reduced
because our results were generally similar to other
studies with ADHD samples (e.g., Gomez et al., 2016).
Fifth, there was no objective way to verify that our
assessors administered and scored the WISC-IV accurately. First noticed by Terman (1918), subsequent
research in applied settings has shown nontrivial
amounts of score variation due to differences among
examining psychologists rather than among children
(McDermott, Watkins, & Rhoad, 2014). This source
of error should be mitigated in future studies. Sixth,
further research is needed to explore the measurement
invariance of WISC scales between ADHD and nonADHD samples and between male and female samples.
Finally, we also consider it important to replicate the
current study in other Spanish speaking countries given
that invariance was not obtained when the French
WISC-IV was administered to French and Swiss samples (Reverte, Golay, Favez, Rossier, & Lecerf, 2015).

Conclusion
Our results are consistent with previous studies that
applied the WISC-IV with clinical samples in highlighting the predominant influence of the general intelligence
factor on WISC-IV scores (Bodin et al., 2009; Canivez,
2014; Devena et al., 2013; Gomez et al., 2016, 2017;
Nakano & Watkins, 2013; Styck & Watkins, 2016,
2017; Thaler et al., 2015; Watkins, 2010; Watkins et al.,
2013, 2006). It appears that the WISC-IV is structured
hierarchically, with a broad general intelligence factor
impacting all subtests, and four narrower group factors
independently impacting separate groups of subtests for
children diagnosed with ADHD-C and ADHD-I.
However, those four group factors account for small
amounts of the common and total variance and are,
therefore, relatively unreliable.
The desire to interpret WISC-IV group factor
scores as reliable and univariate measures of their
underlying factors for identification of cognitive
strengths and weaknesses in clinical practice is understandable but not supported psychometrically. Profiles
of WISC-IV group factor scores do not provide distinct and reliable information beyond the FSIQ score
(DeMars, 2013). Similar issues have been reported for
subscales in educational assessment (Sinharay, Puhan,
& Haberman, 2011) and seems to be an intractable
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problem when subscores are highly intercorrelated
(Bulut, Davison, & Rodriguez, 2017; Feinberg &
Jurich, 2017). Accordingly, clinicians applying the
WISC-IV to children with ADHD should adhere to
professional standands and justify the application of
score profiles with empirical evidence on their psychometric properties (American Educational Research
Association, American Psychological Association, &
National Council on Measurement in Education
[AERA, APA, & NCME], 2014; International Test
Commission, 2014).
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