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Background. Irish educational psychologists frequently use the Wechsler Intelli-

gence Scale for Children – Fourth UK Edition (WISC–IVUK; Wechsler, 2004,

Wechsler Intelligence Scale for Children-Fourth UK Edition, London, UK, Harcourt

Assessment) in clinical assessments of children with learning difficulties. Unfortu-

nately, reliability and validity studies of the WISC–IVUK standardization sample have

not yet been reported. Watkins et al. (2013, International Journal of School and

Educational Psychology, 1, 102) found support for a bifactor structure with a large

sample (N = 794) of Irish children who were administered the 10 WISC–IVUK core

subtests in clinical assessments of learning difficulties and dominance of general

intelligence. Because only 10 subtests were available, Cattell–Horn–Carroll (CHC;
McGrew, 1997, 2005, Contemporary intellectual assessment: Theories, tests, and

issues, New York, NY: Guilford; Schneider & McGrew, 2012, Contemporary

intellectual assessment: Theories, tests, and issues, New York, NY, Guilford Press)

models could not be tested and compared.

Aim, Sample andMethod. The present study utilized confirmatory factor analyses to

test the latent factor structure of the WISC–IVUK with a sample of 245 Irish children

administered all 15 WISC–IVUK subtests in evaluations assessing learning difficulties in

order to examine CHC- and Wechsler-based models. One through five, oblique first-

order factor models and higher order versus bifactor models were examined and

compared using CFA.

Results. Meaningful differences in fit statistics were not observed between the

Wechsler and CHC representations of higher-order or bifactor models. In all four

structures, general intelligence accounted for the largest portions of explained

common variance, whereas group factors accounted for small to miniscule portions

of explained common variance. Omega-hierarchical subscale coefficients indicated

that unit-weighted composites that would be generated by WISC–IVUK group factors

(Wechsler or CHC) would contain little unique variance and thus be of little value.

*Correspondence should be addressed to Gary L. Canivez, Eastern Illinois University, 600 Lincoln Avenue, Charleston, Illinois
61920, USA (email: glcanivez@eiu.edu).
Preliminary analyses on a smaller sample were presented at the 2016 Annual Convention of the American Psychological
Association and the 10th Conference of the International Test Commission.
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Conclusion. These results were similar to those from other investigations, further

demonstrating the replication of the WISC–IV factor structure across cultures and the

importance of focusing primary interpretation on the FSIQ.

The popularity ofWechsler scales has led to their translation, adaptation, and norming for
use in other countrieswith different languages and cultures (Georgas, vanVijver,Weiss, &

Saklofske, 2003), and factor invariance evidence has been reported across cultures and

between standardization and clinical samples (Chen, Keith, Weiss, Zhu, & Li, 2010; Chen

& Zhu, 2012; Weiss, Keith, Zhu, & Chen, 2013a,b). Wechsler intelligence scales are also

among the most frequently used tests among educational (school) psychologists and

clinical psychologists (Alfonso, Oakland, LaRocca, & Spanakos, 2000; Alfonso & Pratt,

1997; Belter & Piotrowski, 2001; Goh, Teslow, & Fuller, 1981; Hutton, Dubes, & Muir,

1992; Kaufman & Lichtenberger, 2000; Oakland & Hu, 1992; Pfeiffer, Reddy, Kletzel,
Schmelzer, & Boyer, 2000; Stinnett, Havey, & Oehler-Stinnett, 1994; Watkins, Campbell,

Nieberding, & Hallmark, 1995).

During the revision of the Wechsler Intelligence Scale for Children – Third Edition

(WISC–III; Wechsler, 1991) in the United States, the British version, the WISC–IIIUK, was

simultaneously revised and normed for use in the United Kingdom. The Wechsler

Intelligence Scale for Children – Fourth Edition (WISC–IV;Wechsler, 2003a) included the

addition of new subtests (Picture Concepts, Letter-Number Sequencing, Matrix Reason-

ing, Cancellation, and Word Reasoning) and deletion of others (Picture Arrangement,
Object Assembly, and Mazes). The Full Scale IQ was retained as an estimate of general

intelligence, but the Verbal and Performance IQs were deleted. Greater emphasis was

placed on interpretation of factor-based index scores (Verbal Comprehension [VC],

Perceptual Reasoning [PR], Working Memory [WM], and Processing Speed [PS])

(Wechsler, 2003b; Weiss, Saklofske, & Prifitera, 2005; Williams, Weiss, & Rolfhus,

2003). TheWISC–IV revision for use in theUnitedKingdomwithUKnormswaspublished

1 year later as the Wechsler Intelligence Scale for Children – Fourth UK Edition (WISC–
IVUK; Wechsler, 2004).

The WISC–IVUK
Administration and Scoring Manual provides a brief description of

the standardization project including stratification and detailed information on admin-

istration, scoring, and analysis of index score and subtest score comparisons. Compar-

isons of raw scoremeans and standard deviations between the UK standardization sample

and the US standardization sample were provided in that manual, but no further

examinations of the UK standardization sample were reported. The US-based WISC–IV
Technical and Interpretive Manual (Wechsler, 2003b) is provided with the WISC–IVUK,

but is based on the US standardization sample and supplemental validity samples, not the
UK standardization sample or UK-based validity samples. There is no mention in the US-

based WISC–IV Technical and Interpretive Manual of psychometric analyses with the

UK sample.

Although the WISC–IVUK
Administration and Scoring Manual states, ‘confidence in

WISC–IVUK score interpretation is based on the extensive US standardization study’

(Wechsler, 2004, p. 284), there are no reports of analyses beyond mean and standard

deviation comparisons with the US sample. Raw score means and standard deviations

were similar between the UK and US samples (Wechsler, 2004); however, reliability
estimates and standard errors of measurement were based on the larger US sample and no

validity data whatsoever were presented for the UK standardization sample. Searches of
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the extant literature found no studies reporting on the psychometric properties of the

WISC–IVUK with the UK standardization sample. Understanding the internal structure of

tests is essential for evaluating interpretability of provided scores (American Educational

Research Association [AERA], American Psychological Association [APA], & National
Council on Measurement in Education [NCME], 2014). Without extensive psychometric

examination of the reliability, validity, and diagnostic efficiency/utility with the UK

standardization sample, proper interpretation of WISC–IVUK scores remains unknown

and thus an ethical challenge for psychologists using theWISC–IVUK based on theCode of

Ethics and Conduct (BPS, 2009) and the Code of Good Practice for Psychological Testing

(BPS, 2010).

Due to the absence of a technical manual with detailed psychometric analyses of the

UK standardization sample, in 2013 the first author of this study requested from Pearson,
United Kingdom, the WISC–IVUK standardization sample raw data to conduct analyses of

internal structural validity, but the publisher denied access. Subsequently, the subtest

scaled score correlation matrices and descriptive statistics by age were requested, but

Pearson, United Kingdom, also refused to provide subtest correlation matrices, which are

summary statistics customarily reported inmost technicalmanuals (and available in theUS

version of the WISC–IV). Thus, in the 12 years since publication of the WISC–IVUK there

still are no technical manual, technical reports, or peer-reviewed articles in the

professional literature presenting psychometric examinations of reliability or validity
on the UK standardization sample.

In the only known structural analysis of the WISC–IVUK, Watkins, Canivez, James,

Good, and James (2013) examined the latent factor structure with a large sample

(N = 794) of Irish children who were administered the 10 WISC–IVUK core subtests in

clinical assessments of learning difficulties. One through four-first-order factormodels and

both higher-order and bifactor hierarchical models were tested with confirmatory factor

analytic (CFA) methods and the bifactor model provided the best explanation of WISC–
IVUK factor structure.

Gignac (2005, 2006, 2008) has described the higher-order representation of

intelligence test structure as an indirect hierarchical model, where the g factor influences

subtests indirectly through full mediation by the first-order factors (Yung, Thissen, &

McLeod, 1999). Thus, g is conceptualized as a superordinate factor, which Thompson

(2004) described as an abstraction from abstractions. Higher-order models have been

commonly applied to assess the ‘construct-relevant psychometric multidimensionality’

(Morin, Arens, & Marsh, 2016; p. 117) of intelligence tests, but an alternative

conceptualization is the bifactor model (alternatively referred to as a direct hierarchical
[Gignac, 2005, 2006, 2008] or nested factors model [Gustafsson & Balke, 1993]) and was

originally specified by Holzinger and Swineford (1937). Figure 1 illustrates hypothetical

higher-order and bifactor models of the WISC–IVUK. Gignac (2008) noted that in bifactor

models, both the general (g) and the group factors directly influence the subtest

indicators and g is conceptualized as a breadth factor. This means that both g and first-

order group factors are simultaneous abstractions derived from the observed subtest

indicators and therefore a less complicated (more parsimonious) conceptual model

(Gignac, 2008). Reise (2012) and Canivez (2016) noted several advantages of bifactor
models including the direct influences of the general factor are easy to interpret, both

general and specific influences on indicators (subtests) can be examined simultaneously,

and the psychometric properties necessary for determining scoring and interpretation of

subscales can be directly examined. Gignac (2006) also noted that the bifactor model can

be considered more conceptually parsimonious because it specifies a unidimensional
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general factor and thismodel seemsmore consistentwith Spearman’s (1927) andCarroll’s

(1993) models of intelligence (Beaujean, 2015).

WhileWatkins et al. (2013) found the general intelligence factor accounted for 63.7%

of the explained common variance, the four group factors (VC, PR, WM, PS) each

accounted for <10% of the explained common variance. The omega-hierarchical
coefficient for the general intelligence factor was .802 and satisfactory for confident

interpretation (Reise, 2012; Reise, Bonifay, & Haviland, 2013); however, omega-

hierarchical subscale coefficients for the four group factors (VC, PR, WM, PS) ranged

from .143 to .376, failing to meet the recommended minimum standard of .50 (Reise,

2012; Reise et al., 2013) for interpretation. It was noted that such results were difficult to

place in context as no other studies of the WISC–IVUK factor structure with British

(normative or clinical) or Irish samples were available for comparison. Further, because

only the 10 WISC–IVUK core subtests were used (archival data), it was not possible to
examine rival structural models based on the Cattell–Horn–Carroll framework (CHC;

McGrew, 1997, 2005; Schneider & McGrew, 2012).

SI VC CO IN WR BD PC MR PCn DS LNS AR CD SS CA

VC PR WM PS

gHigher-order model

SI VC CO IN WR BD PC MR PCn DS LNS AR CD SS CA

VC PR WM PS

gBifactor model

Figure 1. HypotheticalWechsler-based higher-order and bifactormeasurementmodels for theWISC–
IVUK 15 Subtests. g = General Intelligence; VC = Verbal Comprehension; PR = Perceptual Reasoning;

WM = Working Memory; PS = Processing Speed; SI = Similarities; VC = Vocabulary; CO = Compre-

hension; IN = Information; WR = Word Reasoning; BD = Block Design; PC = Picture Completion;

MR = Matrix Reasoning; PCn = PictureConcepts; DS = Digit Span; LNS = Letter-Number Sequencing;

AR = Arithmetic; CD = Coding; SS = Symbol Search; CA = Cancellation.
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However, theWISC–IVUK factor structure identified byWatkins et al. (2013) with the

Irish sample was consistent with results from other WISC–IV studies using both EFA and

CFA (Bodin, Pardini, Burns, & Stevens, 2009; Canivez, 2014; Keith, 2005; Nakano &

Watkins, 2013; Styck & Watkins, 2016; Watkins, 2006, 2010; Watkins, Wilson, Kotz,
Carbone, & Babula, 2006), with other versions of Wechsler scales (Canivez & Watkins,

2010a,b; Dombrowski, McGill, & Canivez, 2017; Gignac, 2005, 2006; Golay & Lecerf,

2011; Golay, Reverte, Rossier, Favez, & Lecerf, 2013; Lecerf, Rossier, Favez, Reverte, &

Coleaux, 2010; McGill & Canivez, 2016; Nelson, Canivez, & Watkins, 2013; Niileksela,

Reynolds, & Kaufman, 2013; Watkins & Beaujean, 2014), and intelligence tests in general

(Canivez, 2008, 2011; Canivez, Konold, Collins, &Wilson, 2009; Canivez &McGill, 2016;

DiStefano & Dombrowski, 2006; Dombrowski, 2013, 2014a,b; Dombrowski & Watkins,

2013; Dombrowski, Watkins, & Brogan, 2009; Nelson & Canivez, 2012; Nelson, Canivez,
Lindstrom,&Hatt, 2007) in showing the largest portions of variancewere captured by the

g factor and small portions of variance were associated with group factors. Three recent

studies of the WISC–V have also yielded identical results (Canivez, Watkins, &

Dombrowski, 2016, 2017; Dombrowski, Canivez, Watkins, & Beaujean, 2015) with

general intelligence dominating explained common variance and little unique explained

common variance among the group factors. These results suggest that primary

interpretation of these Wechsler scales (and other intelligence tests) should focus on

the global score because it accounts for the largest portion of common variance. The
global score has also been shown to be a powerful predictor of academic achievement and

factor index scores provided little incremental validity in predicting academic achieve-

ment (Canivez, 2013; Canivez, Watkins, James, James, & Good, 2014; Glutting, Watkins,

Konold, & McDermott, 2006; Kranzler, Benson, & Floyd, 2015; Nelson, et al., 2013). The

small portions of unique common variance captured by the first-order factors in factor

analytic studies may be responsible for the poor incremental predictive validity of

Wechsler factor scores.

Because the WISC–IV content and structure reflect conceptualizations of intelligence
articulated by Carroll, Cattell, and Horn (Carroll, 1993, 2003; Cattell & Horn, 1978; Horn,

1991; Horn & Blankson, 2005; Horn&Cattell, 1966), studies have examined theWISC–IV
internal structure with alternate structural models based on the Cattell, Horn, Carroll

(CHC;McGrew, 1997, 2005; Schneider &McGrew, 2012) framework. TheWISC–IV CHC-

based models (Chen, Keith, Chen, & Chang, 2009; Keith, Fine, Taub, Reynolds, &

Kranzler, 2006; Lecerf et al., 2010;Weiss et al., 2013b) retain some of the basicWechsler

structure for subtests and associations with Verbal Comprehension (VC; CHC Gc),

WorkingMemory (WM;CHCGsm) except Arithmetic, and Processing Speed (PS; CHCGs);
but, the WISC–IV Perceptual Reasoning (PR) dimension is split into two CHC factors

where Block Design and Picture Completion purportedly measure visual processing (Gv)

and Matrix Reasoning and Picture Concepts purportedly measure fluid reasoning (Gf).

Canivez and Kush (2013) pointed out numerous problems with the proposed CHC

models for the WAIS–IV and WISC–IV (Weiss et al., 2013a,b). Standardized path

coefficients from g to Gf were 1.0 with the US WISC–IV standardization sample (Keith,

2005; Keith et al., 2006; Weiss et al., 2013b), .98 with the TaiwanWISC–IV (H.–Y. Chen
et al., 2009), and 1.0 with French WISC–IV (Lecerf et al., 2010) basic CHC model
patterned after Keith et al. (2006), but only .84 with the final modified six-factor CHC

model of the French WISC–IV (Lecerf et al., 2010). This suggested that Gf was often

isomorphic with the higher-order g factor and not supportive of a CHC model. The

exceptionwas themodified six-factor CHCmodel of the FrenchWISC–IV that Lecerf et al.

(2010) suggestedmay be due to cultural differences. Isomorphism ofGf with higher-order
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g has also been observed in studies of versions of theWechsler Adult Intelligence Scale as

well (Benson, Hulac, & Kranzler, 2010; Golay & Lecerf, 2011; Weiss et al., 2013a), but a

recent study suggested that isomorphism ofGf with higher-order g could be an artefact of

the CFA statistical method (Golay et al., 2013). It is also possible that the Golay et al.

results may be unique to the French WISC–IV so further assessment with other Wechsler

tests would be useful.

Because the Watkins et al. (2013) study of the latent structure of the WISC–IVUK

could not assess rival CHC models due to the availability of only the 10 core subtests,

this study involved a sample of Irish children referred for evaluations of learning

difficulties where all 15 WISC–IVUK subtests were administered. This allowed a

comparison of both Wechsler- and CHC-based measurement models. In addition, this

study, like Watkins et al. (2013), examined both higher-order and bifactor models to
determine best fit to these data.

Method

Participants and procedure

Participants were 245 children from the Republic of Ireland between the ages of 6–0
and 16–10 who were referred to an educational psychologist for evaluation of learning

difficulties. Although some children were referred for evaluation by their parents, the

vast majority were referred by their schools to determine eligibility for special

education services or accommodations. The largest portion of the sample was male

(n = 138, 56.3%) as is typically observed in educational evaluation referrals. The mean

age of the sample was 11.05 (SD = 2.72) years. Age distribution showed somewhat

larger proportions of referred children were ages 8, 9, 10, and 12. The largest number

of assessments were provided for children from Dublin (50.6%) followed by Kildare
(7.3%), Laois (6.1%), Wicklow (5.3%), and Tipperary (4.5%). Unfortunately, agency

practice and confidentiality standards allowed no other demographic information to

be included in this archival data set.

All WISC–IVUK administrations were conducted by one of three registered/licensed/

certified educational psychologists according to the standardized procedure. Only

children with complete data for all 15 WISC–IVUK subtests were included in analyses.

Institutional review board approval was obtained but all data were de-identified and no

personal information included.

Instrument

The WISC–IV (Wechsler, 2003a,b) is a general intelligence test that is composed of 15

subtests (Ms = 10, SDs = 3), 10 of which are mandatory and contribute to measurement

of four-factor-based index scores: Verbal Comprehension Index (VCI), Perceptual

Reasoning Index (PRI), Working Memory Index (WMI), and Processing Speed Index

(PSI). Each of the four index scores is expressed as a standard score (Ms = 100, SDs = 15).
The FSIQ is composed of 10 core subtests (three Verbal Comprehension, three Perceptual

Reasoning, two Working Memory, and two Processing Speed).

The WISC–IV was anglicized and adapted for the United Kingdom (UK) in 2002

through item review and minor changes in items or language, spelling, and order of item

difficulty (Wechsler, 2004). The resulting WISC–IVUK was standardized and normed on a

sample of 780 childrenbetween the ages of 6–0 and16–11 yearswhowere representative
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of the UK population stratified by geographic region, sex, race/ethnicity, and parent

education level (Wechsler, 2004). Of the 780 children in the standardization sample, 17

(2.2%) were from Northern Ireland. There are no separate norms for children in Ireland

generally or the Republic of Ireland specifically. Reliability and validity data based on the
WISC–IVUK standardization sample were not provided in the WISC–IVUK manual and

standard errors of measurement were taken from the US version of theWISC–IV. There is
no separate technical manual presenting psychometric information relating to the factor

structure of the WISC–IVUK based on the UK standardization sample.

Analyses

Confirmatory factor analyses (CFA) with maximum-likelihood estimation was conducted
with the covariance matrix using EQS 6.2 (Bentler & Wu, 2012). Some CHC-based first-

order factors were underidentified because they included only two subtest indicators. In

those CFAs, the two subtests were constrained to equality prior to estimating bifactor

models to ensure identification (Little, Lindenberger, & Nesselroade, 1999).

The structural models examined were similar to those previously specified (Watkins

et al., 2013) but because all 15 WISC–IVUK subtests were administered additional CHC-

based models could also be tested. Although there are no universally accepted cut-off

values for approximate fit indices (Marsh, Hau, & Wen, 2004; McDonald, 2010), overall
model fit was evaluated using the comparative fit index (CFI), standardized root-mean-

squared residual (SRMR), and the root-mean-square error of approximation (RMSEA).

Higher values indicate better fit for the CFI, whereas lower values indicate better fit for the

SRMRandRMSEA. Applying the combinatorial heuristics ofHu andBentler (1999), criteria

for adequate model fit were CFI ≥ .90, SRMR ≤ .09, and RMSEA ≤ .08. Good model fit

required CFI ≥ 0.95 with SRMR and RMSEA ≤ 0.06 (Hu & Bentler, 1999). Statistical

comparisons between models were made using the ChiSquareDiff program (Watkins,

2012). For amodel to be considered superior, it had to exhibit adequate to good overall fit
and display meaningfully better fit (DCFI > .01 and DRMSEA > .015) than alternative

models (Cheung & Rensvold, 2002; Chen, 2007). Additionally, the Akaike information

criterion (AIC)was considered, but the AIC does not have ameaningful scale so themodel

with the smallest AIC values was preferred as such models are most likely to replicate

(Kline, 2016).

Model-based reliabilitieswere estimatedwith coefficients omega-hierarchical (xH) and

omega-hierarchical subscale (xHS), which estimate reliability of the unit-weighted

composite scores produced by the indicators (Reise, 2012; Rodriguez, Reise, & Haviland,
2016). The xH is a model-based reliability estimate for the general intelligence factor with

variability of group factors removed. The xHS is a model-based reliability estimate of a

group factor with the influence of all other group and general factors removed (Brunner,

Nagy, & Wilhelm, 2012; Reise, 2012). Omega estimates (xH and xHS) may be obtained

from CFA bifactor solutions or decomposed variance estimates from higher-order models

and were produced using the Omega program (Watkins, 2013), which is based on the

tutorial byBrunner et al. (2012) and thework of Zinbarg, Revelle, Yovel, and Li (2005) and

Zinbarg, Yovel, Revelle, and McDonald (2006). Omega coefficients should at a minimum
exceed .50, but .75 is preferred (Reise, 2012; Reise et al., 2013). The value ofxH andxHS is

that one may determine the relative merit of how much true score variance would be

provided by a unit-weighted score based on specified subtest indicators, and if < 50% true

score variancewas uniquely captured, thiswould not indicate usefulmeasurement of that

construct.
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Results

Descriptive statistics for participants’ WISC–IVUK subtest, factor index, and FSIQ scores
are presented in Table 1 and illustrate univariate normality with the largest subtest

skewness index of .72 (Arithmetic) and the largest subtest kurtosis index of .68

(Arithmetic). Mardia’s (1970) standardized multivariate kurtosis estimate for these data

was 1.25 and well under the criterion of |5.0| for multivariate normality (Byrne, 2006) and

thus appropriate use of maximum-likelihood estimation. WISC–IVUK means for this

sample were approximately one standard deviation lower than the normative means and

there was somewhat less variability observed among participants. Lower subtest, factor

index, and FSIQ scores in referred samples are frequently observed (Canivez & Watkins,
1998; Watkins, 2010; Watkins et al., 2013).

Model fit statistics presented in Table 2 illustrate the increasingly better fit from 1

through 4 oblique factors; however, fit statistics indicated that the one-, two-, and three-

factormodelswere inadequate using combinatorial criteria (Hu&Bentler, 1999) as all had

RMSEA ≥ .08. The oblique four-factor (VC, PR, WM, PS) Wechsler-based model and

oblique five-factor (Gc, Gv, Gf, Gsm, Gs) CHC-based model provided the best fit to these

data, but meaningful differences in fit statistics (CFI, RMSEA, SRMR) were not observed.

The oblique five-factor CHCmodel did not produce a statistically significant better fit than
the oblique four-factor Wechsler model, DMLv2 = 5.46, Ddf = 4, p = .243. Although the

Wechsler- and CHC-based obliquemodels fit these data well, the latent factor correlations

(Table 3) for both models (Wechsler rs ranging .532–.819; CHC rs ranging .532–.949)

Table 1. WISC–IVUK descriptive statistics for 245 referred Irish children

Score M SD Skewness Kurtosis

Subtest

Block Design 7.89 3.02 0.25 �0.17

Similarities 9.12 2.73 0.14 �0.51

Digit Span 7.56 2.64 0.17 0.07

Picture Concepts 8.93 3.10 �0.24 0.01

Coding 8.31 2.96 0.16 0.39

Vocabulary 7.34 2.85 0.32 0.25

Letter-Number Sequencing 7.86 2.75 �0.62 �0.09

Matrix Reasoning 7.90 2.96 0.19 0.09

Comprehension 8.21 2.48 �0.06 �0.12

Symbol Search 8.88 2.77 �0.54 0.37

Picture Completion 8.77 2.68 0.14 0.17

Cancellation 11.20 3.04 �0.35 0.20

Information 7.89 2.91 0.31 �0.41

Arithmetic 7.02 2.61 0.72 0.68

Word Reasoning 9.00 2.73 0.06 �0.18

Composite

Verbal Comprehension Index (VCI) 89.57 13.27 �0.14 0.07

Perceptual Reasoning Index (PRI) 89.00 16.40 �0.50 1.49

Working Memory Index (WMI) 86.40 13.24 �0.28 �0.20

Perceptual Speed Index (PSI) 92.45 13.85 �0.19 0.24

Full Scale IQ (FSIQ) 87.07 14.17 �0.20 �0.02

Note. Mardia’s (1970) standardized multivariate kurtosis estimate = 1.25.
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were moderate to very high and thus these models were deemed inadequate as a general

intelligence factor is suggested and required explication (Canivez, 2016; Gorsuch, 1988;

Reise, 2012; Thompson, 2004). Further, in the oblique CHC model the Gv and Gf factor

correlation of .949 indicated considerable overlap and potential lack of discriminant

validity (Kline, 2016).

Combinatorial heuristics (Hu & Bentler, 1999) indicated the CHC-based higher-order

and bifactor models exhibited adequate fits to these data (although RMSEA slightly

exceeded .06) and theWechsler-based higher-order and bifactor models were good fits to
these data and also produced the lowest AIC values and thus were most likely to replicate

(Kline, 2016). The Wechsler bifactor model did not produce a statistically significant

Table 2. CFA fit statistics for WISC–IVUK among 245 referred Irish children

Model v2 df CFI RMSEA 90% CI RMSEA SRMR AIC

One factor 409.99 90 .837 .121 .109, .132 .074 229.99

Two oblique factors 279.07 89 .903 .094 .081, .106 .059 101.07

Three oblique factors 243.81 87 .920 .086 .073, .099 .057 69.81

Four oblique factors (Wechsler) 148.80 84 .967 .056 .041, .071 .037 �19.20

Five oblique factors (CHC) 143.34 80 .968 .057 .041, .072 .036 �16.66

Wechsler higher-order 156.86 86 .964 .058 .043, .072 .040 �15.14

CHC higher-order 170.68 85 .956 .064 .050, .078 .045 0.68

Wechsler bifactor 138.02 75 .968 .059 .043, .074 .036 �11.98

CHC bifactora 155.83 77 .960 .065 .050, .079 .040 1.83

Note. CFI = comparative fit index; RMSEA = root-mean-square error of approximation; CI = confi-

dence interval; SRMR = standardized root-mean-square residual, AIC = Akaike’s information criterion,

CHC = Cattell-Horn–Carroll.
aTwo indicators of the second (Gv) and third (Gf) factors were constrained to be equal to ensure model

identification.

Table 3. Latent factor correlations for WISC–IVUK Wechsler- and CHC-based oblique models for

referred Irish sample (N = 245)

Wechsler model VC PR WM PS

VC –
PR .757 –
WM .819 .785 –
PS .532 .663 .572 –

CHC model Gc Gv Gf Gsm Gs

Gc –
Gv .758 –
Gf .726 .949 –
Gsm .819 .745 .803 –
Gs .532 .669 .628 .572 –

Note. VC = Verbal Comprehension, PR = Perceptual Reasoning, WM = Working Memory, PS = Pro-

cessing Speed, CHC = Cattell–Horn–Carroll, Gc = Crystallized Intelligence/Comprehension Knowl-

edge, Gv = Visual-Spatial, Gf = Fluid Intelligence/Fluid Reasoning, Gsm = Short-term Memory (Working

Memory), Gs = Processing Speed.
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better fit than theWechsler higher-ordermodel,DMLv2 = 18.84,Ddf = 11, p = .064. The

CHC bifactor model did not produce a statistically significant better fit than the CHC

higher-order model, DMLv2 = 14.85, Ddf = 8, p = .062. However, the Wechsler bifactor

model produced a statistically significant better fit than the CHC bifactor model,
DMLv2 = 17.81, Ddf = 2, p < .00001; and the Wechsler bifactor model produced the

lower AIC. There were no meaningful differences (DCFI > .01 and DRMSEA > .015)

between the Wechsler higher-order (Figure 2), CHC higher-order (Figure 3), Wechsler

bifactor (Figure 4), and CHC bifactor (Figure 5) models so all are presented for

comparison and illustration.

Tables 4–7 present decomposed variance estimates based on the four different

hierarchical models for comparison. Explained common variance (ECV) was dominated

by the g factor in all four models ranging from .688 to .750. The xH coefficients for the g
factor in all four models were high, ranging from .854 to .869, and exceeded the .75

criterion for confident interpretation (Reise, 2012; Reise et al., 2013). Explained common

variance among theWechsler (VC, PR,WM, PS)- andCHC (Gc, Gv, Gf, Gsm, Gs)-based group

factors was considerably less, ranging from .015 to .117. Particularly low were ECVs for

the CHC-based Gv and Gf group factors with ECV coefficients < .02. The xHS coefficients

for the Wechsler- and CHC-based group factors were also low, ranging from .078 to .429;

all falling short of the suggested minimum .50 criterion (Reise, 2012; Reise et al., 2013).

Consistent with the ECV estimates, xHS coefficients were particularly low for CHC-based
Gv and Gf group factors with xHS < .10, meaning unit-weighted composite scores based

on Gv and Gf subtest indicators would account for < 10% unique true score variance.

Discussion

A previous examination of theWISC–IVUK internal structure (Watkins et al., 2013) could
only examine Wechsler-based models because only the 10 core subtests were adminis-

tered and would not include enough indicators to estimate all CHC latent constructs. In

SI VC CO IN WR BD PC MR PCn DS LNS AR CD SS CA

VC PR WM PS

g

.820 .903 .696 .857 .745 .790 .743 .798 .654 .706 .721 794 .663 .810 .620

.870 .880 .913 .660

Wechsler higher-order model

Figure 2. Wechsler-based higher-order measurement model, with standardized coefficients, for

WISC–IVUK from the Irish referral sample (N = 245) 15 Subtests. g = General Intelligence; VC = Verbal

Comprehension; PR = Perceptual Reasoning; WM = Working Memory; PS = Processing Speed;

SI = Similarities; VC = Vocabulary; CO = Comprehension; IN = Information;WR = WordReasoning;

BD = Block Design; PC = Picture Completion; MR = Matrix Reasoning; PCn = Picture Concepts;

DS = Digit Span; LNS = Letter-Number Sequencing; AR = Arithmetic; CD = Coding; SS = Symbol

Search; CA = Cancellation.
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the current study, confirmatory factor analyses were conducted with all 15 core and

supplemental WISC–IVUK subtests from a sample of Irish children administered the

WISC–IVUK in clinical evaluations to examine both Wechsler- and CHC-based structures.

The CHC higher-order and bifactor models achieved adequate fit to these data, while the

Wechsler higher-order and bifactor models achieved good fit to these data. TheWechsler

models had lower AIC values compared to rival CHC-based models, but meaningful

SI VC CO IN WR BD PC MR PCn DS LNS AR CD SS CA

Gc Gv Gsm Gs

g

Gf

.829

.904 .697 .857 .742 .799 .758 .812 .667 .716 .717 .792 .814.661 .617.821

.939 .944 .870 .672

CHC higher-order model

Figure 3. CHC-based higher-order measurement model, with standardized coefficients, for WISC–
IVUK from the Irish referral sample (N = 245) 15 Subtests. g = General Intelligence; Gc = Crystallized

Intelligence; Gv = Visual Processing; Gf = Fluid Reasoning; Gsm = Short-term Memory; Gs = Processing

Speed; SI = Similarities; VC = Vocabulary; CO = Comprehension; IN = Information; WR = Word

Reasoning; BD = BlockDesign; PC = PictureCompletion;MR = MatrixReasoning; PCn = PictureCon-

cepts; DS = Digit Span; LNS = Letter-Number Sequencing; AR = Arithmetic; CD = Coding; SS = Sym-

bol Search; CA = Cancellation.

SI VC CO IN WR BD PC MR PCn DS LNS AR CD SS CA

VC PR WM PS

g

.689 .585 .602 .687 .734 .444 .556 .373.661.677.691.774.587.761.729

.370 .530 .371 .355 .268 .440 .320 .406 .271 .783 .146 .193 .509 .545 .543

Wechsler bifactor model

Figure 4. Wechsler-based bifactor measurement model, with standardized coefficients, for WISC–
IVUK from the Irish referral sample (N = 245) 15 Subtests. g = General Intelligence; VC = Verbal

Comprehension; PR = Perceptual Reasoning; WM = Working Memory; PS = Processing Speed;

SI = Similarities; VC = Vocabulary; CO = Comprehension; IN = Information;WR = WordReasoning;

BD = Block Design; PC = Picture Completion; MR = Matrix Reasoning; PCn = Picture Concepts;

DS = Digit Span; LNS = Letter-Number Sequencing; AR = Arithmetic; CD = Coding; SS = Symbol

Search; CA = Cancellation.
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differences in fit statisticswere not observed betweenWechsler andCHCmodels. Thus, it

could be argued that bifactor and higher-order representations of Wechsler and CHC
structures explained these data equally well.

Reynolds and Keith (2013) questioned the theoretical appropriateness of bifactor

models of intelligence, stating that ‘we believe that higher-order models are theoretically

more defensible, more consistent with relevant intelligence theory (e.g., Jensen, 1998),

than are less constrained hierarchical [bifactor] models’ (p. 66). Others have challenged

this position. Gignac (2006, 2008) argued that the general intelligence factor is the most

substantial dimension of a battery of cognitive tests and should be modelled directly,

whereas full mediation of general intelligence in the higher-ordermodel demands explicit
theoretical justification. A rationale for why general intelligence should directly influence

group factors but not subtests seems necessary. Subtest scores reflect variation on both a

general and a more specific group factor. As a result, subtest scores may appear reliable,

but the reliability estimate is primarily a function of the general factor, not the specific

group factor. Other researchers maintained that the bifactor model better represents

Spearman’s (1904, 1927) and Carroll’s (1993) conceptualizations of intelligence

(Beaujean, 2015; Frisby & Beaujean, 2015; Brunner et al., 2012; Gignac, 2006, 2008;

Gignac & Watkins, 2013; Gustafsson & Balke, 1993). Beaujean (2015) noted that
Spearman’s conception of general intelligence was of a factor ‘directly involved in all

cognitive performances, not indirectly involved through, or mediated by, other factors’

(p. 130), and that ‘Carroll was explicit in noting that a bi-factor model best represents his

theory’ (p. 130).

Murray and Johnson (2013) suggested that bifactor models might benefit from

statistical bias when compared to higher-order models by better accounting for

unmodelled complexity. However, Monte Carlo simulations found that the bifactor

model ‘did not generally produce a better fit when the true underlying structure was not a
bi-factor one’ (Morgan, Hodge, Wells, & Watkins, 2015; p. 15). Regardless, Murray and

SI VC CO IN WR BD PC MR PCn DS LNS AR CD SS CA

Gc Gv Gsm GsGf

g

.758 .627 .586 .652 .701 .447 .569 .376.708.748.641.741.554.726.702

.419 .567 .426 .420 .361 .261 .293 .263 .252 .594 .245 .306 .505 .534 .541

CHC bifactor model

Figure 5. CHC-based bifactor measurement model, with standardized coefficients, for WISC–IVUK

from the Irish referral sample (N = 245) 15 Subtests. g = General Intelligence; Gc = Crystallized

Intelligence; Gv = Visual Processing; Gf = Fluid Reasoning; Gsm = Short-term Memory; Gs = Processing

Speed; SI = Similarities; VC = Vocabulary; CO = Comprehension; IN = Information; WR = Word

Reasoning; BD = BlockDesign; PC = PictureCompletion;MR = MatrixReasoning; PCn = PictureCon-

cepts; DS = Digit Span; LNS = Letter-Number Sequencing; AR = Arithmetic; CD = Coding; SS = Sym-

bol Search; CA = Cancellation.
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Johnson concluded when there is an attempt to estimate or account for domain-specific

abilities (something all multifactor intelligence tests attempt to do), the ‘bifactor model

factor scores should be preferred’ (Murray & Johnson, 2013, p. 420). This is critical in

evaluation of the WISC–IVUK construct validity based on internal structure because of
publisher claims of what factor index scores measure as well as the many comparisons of

factor index scores and inferences made from such comparisons. Researchers and

clinicians must know how well WISC–IVUK group factors (domain specific) perform

independent of the general intelligence (g) factor (Chen, Hayes, Carver, Laurenceau, &

Zhang, 2012; Chen, West, & Sousa, 2006). Reise, Moore, and Haviland (2010) concluded

that a bifactor model, which contains a general factor, but permits multidimensionality, is

better than the higher-order model for determining the relative contribution of group

factors independent of the general factor (i.e., general intelligence).
Decomposed variance estimates presented in Tables 4–7 illustrate that the greatest

portions of subtest variance were associated with the g factor and smaller portions of

variance were associated with the four Wechsler group factors (VC, PR, WM, PS) or five

CHC (Gc, Gv, Gf, Gsm, Gs) group factors. Numerous studies of Wechsler scales and other

intelligence tests have consistently found that the greatest portions of total and common

variance are apportioned to or associated with the g factor, which is estimated by the Full

Scale score, and much smaller portions of total and common variance are apportioned to

the first-order or group dimensions, estimated by the respective factor index scores (or
CHC-based composites). This has been documented in both EFA and CFA studies of the

WISC–IV (Bodin et al., 2009; Canivez, 2014; Keith, 2005; Nakano &Watkins, 2013; Styck

& Watkins, 2016; Watkins, 2006, 2010; Watkins et al., 2006) and with other versions of

Wechsler scales (Canivez & Watkins, 2010a,b; Canivez et al., 2016, 2017; Dombrowski

et al., 2015; Golay & Lecerf, 2011; Golay et al., 2013; Gignac, 2005, 2006; Lecerf et al.,

2010; McGill & Canivez, 2016; Watkins & Beaujean, 2014; Watkins et al., 2013). Further,

these results are not unique to Wechsler scales as similar results were also observed with

the DAS–II (Canivez & McGill, 2016), SB5 (Canivez, 2008), WASI and WRIT (Canivez
et al., 2009), RIAS (Dombrowski et al., 2009; Nelson & Canivez, 2012; Nelson et al.,

2007), CAS (Canivez, 2011),WJ III (Dombrowski, 2013, 2014a,b;Dombrowski&Watkins,

2013; Strickland, Watkins, & Caterino, 2015), and the WJ IV Cognitive (Dombrowski

et al., 2017). The implication of these consistent findings is that primary interpretive

weight should be placed on the omnibus FSIQ rather than the first-order group factor-

based index scores.

Examination of model-based reliability coefficients indicated that the g factor had very

strong xH estimates in bifactor and higher-order models of Wechsler and CHC
configurations allowing individual interpretation (xH ranging from .854 to .869), but

the xHS estimates for the four Wechsler or five CHC WISC–IVUK group factors were low

(xHS ranging from .078 to .429) and extremely limited for measuring unique constructs

(Brunner et al., 2012; Reise, 2012), and likely not high enough for individual interpre-

tation (Reise, 2012; Reise et al., 2013). Standardized path coefficients from Watkins

(2010) were used to calculatexH andxHS estimates for comparison purposes and present

results were quite similar. The xHS estimates for the four WISC–IV group factors from

Watkins (2010) were also very low (.112 to .388). Canivez (2013) also reported very low
xHS coefficients for the four WISC–IV group factors (.098 to .330) in a sample of referred

children demographically similar toWatkins (2010). Explained common variance of the g

factor in the present study ranged from .688 to .750, andwithin eachWechsler model and

CHC model, the g factor accounted for between 6 and 53 times more common variance

than the Wechsler or CHC group factors, further illustrating the dominance of general
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intelligence in WISC–IVUK measurement. In contrast to cross-battery (Flanagan, Alfonso,

& Ortiz, 2012) and clinical (Weiss et al., 2005) interpretation approaches, these results

further support primary (if not exclusive) interpretation of the FSIQ for the WISC–IVUK.

Finally, with respect to CHC conceptualizations about cognitive ability tests, including
the WISC–IVUK, there remains difficulty reconciling the dramatic and important

differences between Horn’s perspective and that of Carroll. Horn denied the existence

of the g factor claiming it to be a statistical artefact, while Carroll repeatedly demonstrated

the psychometric ascendance of the g factor due to the large portions of subtest variance

associated with it (Cucina & Howardson, 2017). The present study results affirm Carroll’s

perspective (1993, 2003). With the WISC–IVUK, the primary difference between the

Wechsler andCHCconfigurations is splitting PR intoGv andGf, andwhile theCHCmodels

in the present study attained equivalent ‘fit’ to Wechsler models, they present less
parsimonious explanations of intelligence and bothGv andGf contain miniscule portions

of unique variance, rendering them of little to no use for individual clinical application. In

fact, none of the group factors in either theWechsler or CHCmodels attained satisfactory

levels of ECV or xHS to support individual clinical interpretation. Factor index scores

provided for the WISC–IVUK confound general intelligence variance with group factor

variance and in most instances the overwhelming portion of index score variance is from

general intelligence, thereby misleading the clinician into thinking the important

construct is that represented by the group factor. This is further facilitated by
interpretation methods prescribed and promoted by test publishers (i.e., Pearson) as

well as others promoting use of cross-battery assessment/interpretation techniques

(Flanagan et al., 2012).

Limitations

Limitations of thepresent study are primarily due to the restricted andnon-randomclinical

sample of Irish students referred for evaluations of educational difficulties. Generalization
to other populations cannot be recommended despite the identical or very similar results

obtainedwith normative samples or large referred samples outside of Ireland. Because the

publisher provided no psychometric studies of the WISC–IVUK internal structure with

British (normative or clinical) or Irish samples and has refused to provide WISC–IVUK

standardization sample raw data or correlationmatrices and descriptive statistics from the

WISC–IVUK standardization sample for independent analyses, it is impossible to know

how the internal structure based on the present sample compares to the British normative

sample or to a normative Irish sample. Clearly there is great need for publication of such
crucial psychometric information for the WISC–IVUK normative sample to provide

empirical evidence necessary for ethical interpretation of the WISC–IVUK (BPS, 2009,

2010).

Conclusion

Based on the present results and strong replication of previous findings (Watkins et al.,

2013), it seems prudent to focus WISC–IVUK interpretation on the FSIQ and if going
beyond the FSIQ to interpret factor index scores (Wechsler based or CHC based) doing so

with extreme caution so as not to misinterpret or over-interpret scores given the small

unique variance provided by the group factors when conflated with general intelligence

variance. Further examination of theWISC–IVUK should test relations to external variables

or criteria, such as academic achievement, to determinewhat, if any, reliable achievement
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variance is incrementally accounted for by the WISC–IVUK factor index scores (or CHC

constructs) beyond that accounted for by the FSIQ (seeCanivez et al., 2014). Additionally,

diagnostic utility studies should be conducted to ascertain the extent to which various

factor indexes of the WISC–IVUK are able to correctly identify individuals from within
various diagnostic groups that should hypothetically demonstrate differences in cognitive

profiles. Given the low portions of unique variance provided by the Wechsler- or CHC-

based WISC–IVUK first-order factors in the present study (and other studies), it is difficult

to imagine that they would provide meaningful incremental validity or diagnostic utility

beyond general intelligence. In the revision of the WISC–IVUK and forthcoming WISC–
VUK, it is hoped that Pearson, United Kingdom, publishes a technical manual that includes

psychometric details of reliability and validity and similar analyses as presented here to

provide evidence for the WISC–VUK structure based on the UK standardization sample

(including subtest correlation matrices, means and standard deviations) and also allow

independent analyses of standardization sample raw data. Psychologists in the United

Kingdom and Ireland where the WISC–VUK will be used must have such detailed

information to properly interpret test results according to theCode of Ethics andConduct

(BPS, 2009) and the Code of Good Practice for Psychological Testing (BPS 2010).
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