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Abstract
Background. There is inadequate information regardihg tactor structure of the Wechsler
Intelligence Scale for ChildreRifth UK Edition (WISGV""; Wechsler, 208a)to guide
interpretationAims and Methods The WISGV"¥ was examinedisingcomplementary
exploratory(EFA) andconfirmatory factor analys (CFA) for allmodelsproposed byVechsler
(2016) as well asival bifactor modelsSample. The WISC-V"" standardization sampl&/&
415)correlation matrixvas usedn analyses due tenial of standardization sample raw data
Results.EFA did notsupportatheoretically positedifth factor becaus®nly one subtest (Matrix
Reasoning) had a salient pattern coefficient orfitthefactor. A model with four group factors
and ageneraintelligencefactor resembling th&/echsler Intelligence Scale for Childr€ourth
Edition WISC-1V; Wechsler, 2003)vas supportetly both EFA and CFAGeneral intelligence
(¢) was the dominant sourcé subtest @rianceand large omeghierarchical coefficients
supportednterpretatiorof theFull Scale IQ(FSIQ) score In contrast, ltefour group factors
accounted fosmall portions obubtestarianceand low omegdierarchicakubscale
coefficientsindicated thathefour factorindexscoresvereof questionable interpretive value
independent of. Presentesultsreplicatel independent assessmentshe Canadian, Spanish,
and USversions of th&VISC-V (Canivez, Watkins & Dombrowski, 20162017 Fenrollar-
CortZs & Watkins, 2018 ecerf & Canivez, 20 AWatkins, Dombrowski, & Canive2017).
Conclusion. Primary interpretatio of theWISC-V"" should be ofthe FSIQas an estimate of

general intelligence

Keywords: WISC-V"": exploratory factor analysisonfirmatory factor argsis; bifactor

model intelligence
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Construct Validity of the Wechsler Intelligence Scale for ChildrenFifth UK Edition:
Exploratory and Confirmatory Factor Analyses of the 16 Primary and Secondary Subtests

The Wechsler Intelligence Scale for Childieifth Edition WISC-V; Wechsler, 204a)
is the latest edition of one of the most popular intelligenceitesisplied psychological practice
and likely to be extensively uséaroughout thevorld (Oakland, Douglas, & Kane, 201®ased
on neuropsychological research @attellHorn-Carroll (CHC) theory CHC; Schneider &
McGrew, 2012), which is an amalgam of the worlCafroll, Cattell, and Horn (Carroll, 1993;
Horn, 1989; Horn & Cattell, 1966)two Wechsler Intelligence Scale for ChildfEnurth Edition
(WISC-1V; Wechsler, 2003) subtestseve deleted and three new subtests were atlded.
addition all 13subtests retained from tNéISC-1V included new andhodifieditems(Wechsler,
2014b)

A major goalin revisingthe WISGV was to separate subtests from the Perceptual
Reasoning factaiPR)into distinct Visual SpatialVS) and Fluid Reasonin@-R) factorsmaking
the instrument more consistent with CHC the@dechsler, 2014b)Accordingly, Visual
PuzzlegVP) and Figure Weight~W), bothadapted from the Wechsler Adult Intelligence
ScaleFourth Edition (WAIS-1V; Wechsler, 200Bwere added to better measi® andFR
factors respectivelyPicture SparfPSpan), which waadapted from the Wechsler Preschool and
Primary Scalef IntelligenceFourth Edition(WPPSHYV; Wechsler, 201R wasalsoadded tahe
WISC-V to enhanceneasurment of theNorking Memory(WM) factor.
wiscC-v*

The WISGV was anglicised and adapted for thi€ (WISC-V'": Wechsler, 2016ayith
few changeseportedlyrequired in items, language;, spelling(Wectsler, 2016h. It was

reported thasubstantial changes in item difficulty weret observed whenomparing the
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WISC-V" to the US version so item ordier the subtesta/as retained. The resulting WISC

VY subtests werthen standardized and normed on a sample of 415 children between the ages
of 6-0 and 1611 years who wereeported to beepresentative of the UK population stratified by
geographic region, sex, race/ethnicity, and parent educatielh Téis representa substantial
reduction in normative sample sizem prior versionsn the UKthat may have affected

sampling erro(Bridges & Holler, 2007).

Unlike the WISGIV "  (Wechsler, 2004)ome reliability and validity data based on the
WISC-V¥ standardization sample wereludedin the WISGVX Administration and Scoring
Manual (Appendix D Wechsler, 2016bHowever therewas no separate technical manual
presenting detailed descriptionswiSC-V"* psychometric analyseadditionally, the 16
intelligence subtest§ull Scale 1Q ESIQ), factorindex scores, and ancillary index scores for the
WISC-VY  were identical to the US WISE.

Structural Validity Evidence

Structural validity evidence for intelligence testsnainly derivedrom factor analytic
methodsBoth exploratory (EFA) and confirmatory factor analysis (CFA) are based on the
common factor model but EFA evaluates the correlational data to suggest a satisfactory model to
describe those data whereas CFA tests the hypsties a model could generate the observed
data (Carroll, 1997). Wechsler (2014b) opined that CFA "is preferred to exploratory factor
analysis when an explicit theory of the factor structure is present or when there are competing
models in the researchdrature” (p. 77). However, CFA methods may be vulnerable to
confirmation bias or "unwitting selectivity in the acquisition and use of evidence" (Nickerson,
1998, p. 175) by more readily allowing researchers to disregard plausible alternative models and

confirm that their preferred 'theofyased' model fits the daf@iStefano & Hess, 2005)or
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example,Table D.10in Wechsler (2016b) clearly shows that many of the tested models
exhibited almsat identical global fit (e.g., eight separatedels exhibitedoot mean square error
of approximation values 004)and that Model 5d actually exhibited better fit (according to the
Akaike Information Criteriopthan the publisher preferred Model(See Figure 1)

Other researchers have noted BA fit indicesmaybe biased when there are signs of
local misfit (Ropovik, 2015) or the model has been misspecified (Kline, 20&86e global fit
refersto the overall modéit, localfit relates toindividual parameter estimates, standard errors,
or z values Over-reliance orglobalfit indices can lead to weak factor structures that are unlikely
to replicate (Ferrando & Navar®onzilez, 2018) and "may account for uninterestingly small
proportions of variance" (DeVellis, 2017, p. 197). Additionally, the statistic teCFA may
be misleading when evaluating the discriminzadidity of factors, leading to a proliferation of
empirically indistinct constructs (Shaffer, DeGeest, & Li, 2016).

Rather than preferring one method over another, EFA and CFA shocdch&idered
complementary rather than competing methods that caalbable when used togetH&arroll,

1997; Haig, 2014; Keith, 2005; Tukey, 1980). For exangie, complementary advantage of

EFA methods is that they do not require advanced specificattimodels and thus are unbiased

in respect to such prior specification (Carroll, 1985). Additionally, CFA results can be
strengthened when supported by prior EFA that have identified the correct number of factors and
indicatorfactor relationships (Brow& Moore, 2012 Carroll, 1998. Given the relative

strengths and weaknesses of EFA and CFA methods, Carroll (1995) recommended that both be
employed when analyzing cognitive data. Horn (1989) also suggested that CFA methods alone

might be insufficient foenalyzingcognitive data. Given their influence in developing the CHC
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theory upon which the WIS® wasreportedlybased, it seenappositehat the
recommendations of Carroll and Horn be honored in analyses of theeWISC
Problemswith the Publisher's Factor Analyses of the WISGV

Contrary to the recommendations of Carroll (1995) and Horn (188publisherelied
exclusively onCFA for investigation of thenternal structuref the WISGV"¥. Users of the
WISC-VY¥ weredirected to the USVISC-V Technical and Interpretive Manual (Wechsler,
2014b) foranOoverview of confirmatory factor analysis procedures and full details of the models
testedO (Wechsler, 2016b, p. 371), as these were identically applied to th&/WISC
standardization sample. TlakD.10 in the WIS&VX Administration and Scoring Manual
(Appendix D) preserd CFA fit statistics for the tested models parallelingtg&wWISC-V and
claimed that CFA results Osupport the allocation of the subtests to the respective indexes as in the
US analysesO (Wechsler, 2016b, p. 371).

Figure 1 presents the publisher prefemezhsurement modédr the US WISGV, which
was reportedly the model (Model 5e) that was also preferred with the- MW{SCThis higher
order model placesas a secondrder factor being loaded by five firstder factors (Verbal
Comprehension [VC], VS, FR, WM, and Processing Speed [PS]). Althob&hglobal fit
statistics were presented for the WISE" standardization sample data, standardjzztt
coeffidents and the structural measurement model wetrpresentedoit is not possible to
assess local fit for the WISZ" final preferred model.

The samesubstantivgroblems identified by Canivez and Watkins (2016); Canivez,
Watkins, and Dombrowski (2018017); and Beaujean (201®)th the CFA methods employed
by the publishewith theUS WISC-V also apply to th&VISC-V"¥. Amongthe noted problems

was use otinweightedleastsquaresestimation without explicit justificatiorather than
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maxmum likelihoodestimationas well adailure to fully disclose details o€FA analyses

(Kline, 2016. Second, @omplex CFA measurement model (crzading Arithmetic on three
group factorsyvas retainedhereby abandoning parsimony of simple struc(liteirstone,

1947) Third, the standardized path coefficient of 1.0 between general intelligghead the
newFR factoris a threat to discriminant validity ambdicates that FRndg may beempirically
redundan{Kline, 2016; Le, Schmidt, Harter, & Lauver, 20183ditionally, other areas dbcal

fit may have been compromisdd.fact, inspection of the degrees of freedom presented in Table
D.10(Wechsler, 2016hndicates thatthere ardewer degrees of freedom than would be
expected based on the numbeimaficators and the number of parameters that should be freely
estimated This suggestthatsomeundisclosegarameters were fixed some of thenodels

prior to estimation (see Beaujean, 20F8)urth decomposed sources of variance between the
higherorder g factor and lowetorder group factorthat are important for accurate interpretation
of common factorsvere not reporte@@Brown, 2015) Fifth, modetbased reliability estimatder
factor scoresvere not providedqwWatkins, 2017)

Finally, there was noonsideration or testing ofval models as alternatives to the higher
order modelexamned by Wechsler (2014b, 20168B) higherorder representation of
intelligence test structure is an indirect hierarchical model (Gignac, 2005, 2006, 2008) where the
g factor influences subtests/irectly through full mediation through the firstder factors
(Yung, Thissen, & McLeod, 1999). This model is illustrad in Figurel. The higheiorder model
conceptualizeg as asuperordinate factor and is thus an abstraction from abstracti@mguch,
1983 Thompson, 2004 Wechsler (2014b, 2016kXkclusivelyrelied ona higherorderstructural

representation for analyses of the Wi8@nd WISGV "X,
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Bifactor Model

While higherorder modeldrave been commonly applied to assess intelligence test
structure the bifactor model is an alternative conceptualizafitrstrated in Figure %

Originally specified by Holzinger and Swineford (193@factor models have also been called
direct hierarbical (Gignac, 2005, 2006, 2008) or nested factors models (Gustafsson, & Balke,
1993). In bifactor modelg; is conceptualized askaeadth factor (Gignac, 2008) because both

the general and group factaigectly influence the subtests. This means thdlklgand first

order group factors are simultaneous abstractions derived from the observed subtest indicators
and therefore a less complicated (more parsimonious) conceptual Gadeldz, 2016Cucina

& Byle, 2017; Gignac, 2006, 2008).

Bifactor models hae been found to fit data as well or better than higinder models in
more than 90% of published comparis¢@sicina& Byle, 2017) Additionally, bifactor models
have several advantages including: the direct influences of the general factor are easy to
interpret; both general arghecific influences on indicators (subtests) can be examined
simultaneously; and the psychometric properties necessary for determining scoring and
interpretation of subscales can be directly examined (Canivez, 2016, R&i2¢ Accordingly,
Rodriguez, Reise, and Havilan2Dl§ concluded thatthe bifactor modeils consistent with any
measure found to have correlated factors or a seoated structure and, thus, it has quite broad
generalizability (p. 234) and Morin, Arens,r&n, and Caci (2016) argued that "bifactor models
provide a more flexible, realistic, and meaningful representation of the data whenever these
dimensions are assumed to reflect a global underlying construct” (p. 9).

However Keith (2005 questioned the tloeetical appropriateness of bifactor modsis

intelligence, stating that they are "not consistent with any modern theoreticaabasg' (p.
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594). Other researchehavedisagred with that conclusionFor exampleGignac (2006, 2008)
contendedhat the most substantial factor of a battery of testsg).ehould be directly modeled
whereas its full mediation in the higherder model demands explicit theoretical justification.
That is, a rationales neededor why general intelligence shouttirectly influence grougactors
but not subtestOther researchers have argued that a bifactor model better represents
SpearmanOs (1927) and CarrollOs (1993) conceptualizations of intelligence than tbedeigher
model (Beaujean, 201Beaujean, Parki & Parker, 2014Brunner, Nagy, & Wilhelm2012;
Frisby & Beaujean, 201%3ignac, 2006, 2008; Gignac & Watkins, 20G3)stafsson & Balke,
1993. Beaujean (2015) elaborated that Spearman's conception of general intelligence was of a
factor "that was dirdty involved in all cognitive performances, not indirectly involved through,
or medided by, other factors" (p. 13@pdnoted that "Carroll was explicit in noting that a bi
factor model best represents his theory" (p. I80fact, Jensen and Weng (19%4iggested a
bifactor model as the first step in their strategy for identifying general intelligence (Jensen &
Weng, 1994).

Many of thesgroblemswere previously identified and discussed with other Wechsler
versions (Canivez, 201@014a; Canivez &ush, 2013; Gignac & Watkins, 2013ut were not
addressed in the WISC Technical and Interpretive Manual nor in thew1SC-v ¢
Administration and Scoring Manual. These problemsubstantially challenge the preferred
measurement model promulgated by theligbibr of the WISEV and WISGV"™ and it remains
unclear whether the final measurement model presented by the publisher is viabl&\ft3@he

VYK,
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IndependentEFA of the WISC-V

AlthoughEFA were noteportedn the WISGV Technical and Interpretive Manual,
independent EFA of the WISZ havenot supporedthe existence of fivdactors in the totadlS
WISC-V standardization samp(€anivezet al.,2016 Dombrowski, Canivez, Watking,
Beaujean2015, in four age group-8, 911, 1214, 1516) with the 16 WISGV primary and
secondangubtests (Canivez, Dombrowski, & Watkins, in press),in three of théour age
groups (68, 911,and12-14 yearg with the L0 WISC-V primarysubtests in th&S
standardization sample (Donglvski, Canivez, & Watking2018). In thesecasesthe fifth
extracted factor included only one salient subtest loatRegentEFA research with thEérench
WISC-V (Wechsler, 2016also failed to find evidence for fifiactors (Lecerf & Canivez,
2017).

TheseEFAs of theUS WISC-V standardization sampfeund substantial portions of
varianceapportioned to thgeneral factobut substantially smaller portions of variance
apportioned to the group factdigC, PR, WM, PS)Omegahierarchicalmy) coefficients
(McDonald, 1999 rangedrom .817 (Caniez et al. 2016, in pres}to .847 Canivez et al., in
press;Dombrowski et al.2018) for the general factdyut omegahierarchicakubscalens)
coefficientsfor the four WISGV group factors ranged from .131 to .5&milar reliability
estimatesvere found with the FrehcWISGV (Lecerf & Canivez2017). Thus,independent
EFA resultshavesuggestdthat a fourfactor solution appears to bee best measurement model
for the WISGV.

IndependentCFA of the WISC-V
Independent CFA conducted with theé WISGV primary and secondary st@stsfrom

thetotal USWISC-V standardization samp(€anivez, Watkins, & Dombrowski, 201iund
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all five of the higherorder models that included five firstder factors (includinghe final
WISC-V model presented in tA&1SC-V Technical and Interpretative Manual) resulted in
statisticallyinadmissible solution§.e., negative variance estimates for the FR factor) potentially
caused by misspecification of the modésifactor modéthat included five firsorder factors
produced an admissible solution and fit the standardization datebuteibcal fitproblemswere
identifiedwhere the Matrix Reasoning, Figure Weights, and Picture Concepts subtesis did
evincestatistically significant ladings on the FR facto€onsequently hte bifactor model with
four group factors\(C, PR, WM, PS) wapreferrecbased on the combination of statistical fit
andWechslertheory andorovidedcomplementary results to previoddSC-V EFA results
(Canivez et al., 2016) with a dominant general intelligence dimension andyveegkfactors
with limited reliablemeasurement beyond

However, me study(H. Chen, Zhang, Raiford, Zhu, & WeisX)15) reported factorial
invariance of ti final publisher preferretiVISC-V higherorder modeivith five group factors
across gendealthoughit did not examinénvariance forrival higherorder or bifactomodels.
Likewise,Reynolds and Keith (201T¢portedWISC-V invariance across age groupst the
modelthey examinedor invariance wasinobliquefive-factor modelwhich ignores general
intelligence altogether.

Reynods and Keith (2013@)soexplored numerougposthoc modificdionsfor first-order
models with fivefactors and then fdsoth higherorder and bifactor models with five group
factorsin an attempt to better understand Wi8@neasuremenBased on these explorations,
thar best fittingWISC-V higherorder model was different from the publisher preferred ode
yetit still produced atandardized path coefficient of .97 frgnto Fluid Reasoninguggesting

that these dimensions may be isomorplmagreement with prior independent CFA,
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decomposed variance estimafi@sn this highe-order model showethat theWISC-V subtess
primarily reflected varianckom g with small portions of variance unique to the group factors.
An alternativebifactor modebddeda covariance estimate betwee8 &hd R factorsthat
"recognizes the nonverbal related nature of these two factors” (p. 38). However, there was no
justification for why the nonverbal PS factor was not also recognizsiiilar bifactor model
with correlated=R and VSactors was tested with the Caradand SpanishVISC-V
standardization samplé#/echsler, 2014c2015). ltwasnot superior to the bifactor model with
four group factorsen the Canadian samp(&Vatkins, Dombrowski, & Canive2017) but
statistically equivalent to the fodiactor solutionwith the Spanish sample, albeit with low
discriminant validity and concomitant interpretational confoundingqfarCortZs & Watkins,
20138.

Posthoc crosdoadings and correlated disturbance and errondere frequently invoked
in CFA models producebly researchers that prefer a higloeder structure for Wechsler scales.
However,such explorations may capitalize on chance and sample size (MacCallum, Roznowski,
& Necowitz, 1992). Additionallyit is rare for such parameters to Ipesifieda priori. Instead
these previously unmodeled complexities are later added iteratively in the form-bbpost
modeladjustmentslesigned to improve model fit or remedy issues encounteredoweéhfit.
However, Cucina and Byle (2017) suggested that specification of these parameters may be
problematic due to lack of conceptual grounding in previous theoretical work and dangers of
hypothesizing after results are known (HARKing).

In summary the factorial structure &WISC-V standardization sam@éavebeen
investigated by several independent researchaiSFA and results have beamconsistent

Some researchers favored a traditional Wechslerfemior model while others preferred a
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CHC:-based fivefactor modelHowever,all studies have found dominant general intelligence
dimension and weak group factors with limiretlablemeasurement beyord
IndependentCFA of the WISC-IV ¢

To date there are rextant studies, technical supplementgechnical manualproviding
EFA or CFAinformationwith the WISGIV Y or WISG V" standardization sampse
(Wechsler, 200420163a. Only two studieshave examinethe latent factor structure of the
WISC-IV"  and bothappliedCFA to data fromlrish children referred for evaluatiasf learning
difficulties (Canivez, WatkinsGGood, James, & James, 2017; Watkins, Canivez, James, Good, &
James, 2013)n the first studyWatkins et al. (201Banalyzed the 10 core subtests &mchda
four-factor structure (VC, PR, WM, PS). In the set¢atudy(Canivez, Watkins, Good, et al.,
2017) all 15 WISGIV Y subtests weranalyzedo allow a comparison c€HC based models
with five factors to Wechsldnased models with four factofdeaningful differences in fivere
not observed between the Cta@d Wechsler representations, leading the researchers to favor
the more parsimonious Wechsler model. Both studies foung #wtounted for the largest
proportion of explained variance and the group factors accounted for small to miniscule portions
of explained variance. Both studies also found that FSIQ scores were relatively religble (
.85) while the group factor index ses werenotreliable after removing th&tabilizinginfluence
of g (ops= .14 to .43).
ResearchAims

Understanding the structural validity of tests is essential for evaluatargretability of
testscoreg American Educational Research Association, American Psychological Association,
& National Council on Measurement in Education, 2014) and detailed information regarding

evidence of the WISC-V"" structure is necessary to properly interpret score results according to
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the Code of Good Practice for Pdyalogical Testingf the British Psychological Society (2007,
2016) as well as the Guidelines for Test Uss the International Test Commission (2013). Given
theabsence OEFA, questionable CFA method$entified in the WISV Technical and
Interpretive Manual (Wechsler, 2014bthat werealsoused with the WIS6/Y", and lack of
detailsregarding validity evidence for th&/ISC-V" provided in theddministration and

Scoring Manual (Wechsler, 2016hYhe present studya)used best practices in ERatking

in pressto examine the WIS®"" factorstructuresuggested by the 16 primary and secondary
subtestelationships, (bgxamined th&VISC-V"" factor structure using CFA with customary
maximum likelihoodestimation(c) compare alternativebifactormodels to higheorder models

as rival explanationgd) decomposed factor variance sources in EFA and CFA(end

users of the WIS&/“¥ to determine the value of the scores and score comparisons provided in
the WISGV"X and interpretive guidelinggonotedby the publishe(Beaujean & Benson,
2018.
Method

Participants

The request for WIS&"" standardization sample raw d&taconduct thesmdependent
analyses was denied without rationale by NCS Pearsanilsent raw datahe simmary
statisticqcorrelations and descriptive statistipspvided inTable D.9,Appendix D,in the
WISC-VYK ddministration and Scoring Manual (Wechsler, 208b) wereused inthe present
analysesThese correlationserereportedlyproduced by garticipantswvho were members of the
full WISC-V'" standardization samp{&’ = 415) of childrenthatrangedn age from 616 years.

Demographic characteristipsovidedby Wechsler (2016h)lustrate the demographic
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representation of theK standardization samptbtained using stratified proportional sampling
across variables of age, sex, race/ethnicity, parental education levebaamdgphic region.
Instrument

TheWISC-VY¥ (Wechsler, 208a) is an individually administeredeneral intelligence
testcomposed of & subtestexpressed ascaled score§/ = 10,SD = 3). It includes seven
OPrimaryO subtests (Similarities [SI], Vocabulary [VC], Block Design [BD], Matrix Reasoning
[MR], Figure Weights [FW], Digit Span [DS], and Coding [CD]) that produce=BK) score
and three additional OPrimaryO subtests (Visual PugBEigsicture Span [Rgr], and Symbol
Search [SP thatcombine with the seveRSIQ subtest® produce the five factor index scores
(two subtests each for Verbal Comprehension [VCI], Visual Spatial [VSI], Fluid Reasoning
[FRI], Working Memory [WMI], and Rocessing Speed [PSI]). There are six OSecondaryO
subtests (Information [IN], Comprehension [CO], Picture Concepts [PC], Arithmetic [AR],
LetterNumber Sequencing [LN], and Cancellation [CN]) that are used either for substitution in
FSIQ estimation or ingtimating the General Ability Index and Cognitive Proficiency Index
scoreslndex scores and FSI§goresareexpressed astandard scoegM = 100,SD = 15).
Analyses

EFA. The16 WISC-V"" primary and secondary subtestrelation matrisincludedin
TableD.9 of Wechsler(2016, p. 370 wasused to conduct EFA#&Ithough te published
matrix includes correlation®unded to only 2 decimal€arroll (1993)oundthat, ittle
precision is lost by using twdecimal valuesO (p. 82).

The scree test (Cattell96), standard error of scre® (¢ Zoski & Jurs, 1996),
parallel analysis (PA; Horn, 1968ndminimum average partials (MARelicer, 1976 criteria

were considere@hendetermining the number of factors to extratrevious research and
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publishertheory suggested that four and five factoespectivelyshould also be considered
(Canivez et al., 201@;ecerf & Canivez2017 Wechsler, 2016b).

Principal axisextractionand promax rotatiowereaccomplished witlsPSS 24 for
Macintosh.Other analyses were completed with open source software (Watkins, 2000, 2004,
2007).For a factor to be considered viable at least two subtests required salient lolada@gs (
McDonald, 1999. Then, to disentangle the contributiorficdt- andsecondorder factors, the
Schmid and Leimaproceduravas applied$L; Schmid & Leiman, 1957 Carroll (1995)
insisted oruse of theSL transformation of EFA loadings to apportion subtest variance to the
first-order and higheorder dimensions because intelligetest subtests are influenced by both
first-order factors and the higherderg factor.Adhering to Carroll's (1995) directivéhe SL
procedureéhas beersuccessfully applieth numerous studiesf cognitive ability testse.g.,
Canivez, 2008; Canivezt al. 2016; DombrowskWatkins, & Brogan2009; Golay & Lecerf,
2011;Lecerf & Canivez2017 Watkins, 2006)

CFA. EQS 63 (Bentler & Wu, 2086) was used to conduct CRfsing maximum
likelihood estimationBecause of the absence of standardization sarapi€lata, ovariance
matrices wereeproduced for CFA sing the correlation matrixneans, and standard deviations
from the total WISGV"" standardization sample presenbgdWechsle(TableD.9, Appendix
D, 20161).

The structural models specified in Taly.3 of the WIS€V Technical and Interpretative
Manual (Wedsler, 2014b) weralsoexaminedn CFA analyses with the WISE"¥ (Table
D.10; Wechsler, 2016b) and are reproduced in Figieewl3 with the addition of alternative
bifactor models that were not included in analyses repostafechsler (2014b, 2016kHYlodel

1 is a unidimensiong factor modeloaded byall 16 subtests. Bifactor models were examined
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for all models that did not incledcrosdoadings on multiple factors. Becaubke VS factor wa
measured bgnly two subtes thosetwo loadingswere constrained to equaliiyhenestimating
bifactormoddsto ensuradentification(Little, Lindenberger, & Nesselroade, 1999)

Althoughthere are no universally accepted cutoff values for approximate fit indices
(McDonald, 201], overall globalmodel fit was evaluatedsingthe comparative fit index (CFI)
and theroot mean squarerror of approximation (RMSEAHigher values indicate bettgt for
the CFIl whereas lower values indicate better fit for the RM3%phlying theHu and Bentler
(1999)combinatorial heuristicgriteria for adequate model fit were QFI90 along with
RMSEA" .08.Good model fit required CFt 0.95 withRMSEA <0.06 Additionally, the
Akaike Information Criterion (AIC) was considered. AIC does not have a meaningful scale but
the malel with the smallest AIC valus most likely to replicate (Kiie, 2016)For a model to be
considered superior, it had to exhibitoglooverall fitand display meaningfully better fitA\CFI >
.01, #RMSEA < .015 and$AIC < 10) thanalternative modeléBurnham & Anderson, 2004..
Chen, 2007; Cheung & Rensvold, 200&)).models were examined for presenceafdl fit
problemg(e.g., negative, too high, or too low standardized path coefficients, coefficients
exceeding limits{L, 1], negative variance estimates) models should never be retained Osolely
on global fit testing(Xline, 2016, p. 461).
Model Based Reliabilities

Model-basedreliabilities were estimated wittmegacoefficiens (Reise, 2012; Reise,
Bonifay, & Haviland 2013;Rodriguez et al., 2016). McDonald (1999) described severah@ga
coefficient variants based a@ecomposing total test variance into common and unique
componentsfa) omegad) that is similar to coefficient alpha that it indexes the proportion of

variance in a unitveighted score attributable to all sources of comnasiance (b) omega
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hierarchcal (oy) that estimates the reliability of a umeighted total score (i.e., FSI@iter
removing the influence of the group factors; é&xbmegahierarchical subscale(;s) that
estimates the reliability of a uniteighted group fetor score (i.e., VG PRI, etc.) afteremoving
the influence of all othdiactors Omega coefficients make fewer and more realistic statistical
assumptions than coefficient alpha and have been recommended for use with multidimensional
tests like the WISC-VY" (Watkins, 2017)Omega estimatasay be obtained from CFA bifactor
solutionsor decomposed variance estimates from higinder models&nd were produced using
the Omega program Watkins, 2013), which is lsad on the tutorial bBrunner et al(2012)
Omega coefficientshould at a minimum exceed .50, but .75 is preferred (Reise, 2012 eReise
al., 2013 Rodriguez et al., 2016).
Results

EFA

The KaisetMeyerOlkin Measure of Sampling Adequacy of .924 far exceeded the .60
minimum standard (Kaiser, 1974) and BartlettOs Test of Sphericity (Bartlett,354),
2,560.45p < .0001; indicated that the WISZ” correlation matrix was n@andom. Wihout
standardization sample raw datavas not possible to estimate skewness or kurtosis or
determine ifmultivariate normalityexisted but principal axis extractiodoes noassune
normality. Therefore, the correlation matrix was deemed appropriateHa.

Regarding the number of factors to extract, Screg(seA Figure Al in Online
Supporting Materialsand MAP criteria suggested tw&%'scree indicated threerior research
with the WISGYV indicated hat four would sufficeand the WIS©/"" publisher claimed five

factors.Wood, Tataryn, and Gorsuch (199§)inedthat itis better to overextract than
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undeextract SOEFA began by extracting five factamsdthen sequentiallgxamined the
adequacy of mdels with four, three, and two factors.

Extracting fiveWISC-V" factors(see Table Aln Online Supporting Materials)
produced a fifth factor with only one salient factortgat coefficient IR). Thus, VMR and FAV
did not share sufficient common variance to constitiiéd-R dimensionpositedby the
publisher FurthermorePC failed to achieve a salient pattern coefficient on any factor. This
pattern of results is emblematic of overextraction (Gorsuch, 1983; Wood et al. ahgbe
five-factor modeivasjudged inadequate

Tablel presents the results of extracting foMISC-V"" factorsandrevealsfour robust
factors with theoretically consistent subtest associatesemblinghe traditional Wechsler
structure None of the subtests loaded saliently on more than one facttite moderate to high
factor correlation$.357 to 699 signakdthe presence of a general intelligence factor (Gorsuch,
1983).

For the thredactor model, th& RandWM factors merged, leaving distin¢C andPS
factors but ro subtest crostwadings werebserved. The twdfactormodel showed merging of
VC, PR andWM factors,leaving only the separate PS facfbine twoe and threefactor models
(seeTable A2 in Online Supporting Materialslearly displagdfusion of theoretically
meaningful constructs that is symptomatic of underextraction, thereby rendering them
unsatisfactory (Gorsuch, 1983; Wood et al., 1996).

Given theseesults, the foufactor EFA solution appeared to be the naygtropriateand
was &cordinglysubjected to secorarder EFA that wagransformed with the SL procedure (see
Table2). Following SLtransformation, alWISC-V"¥ subtests were properly associated with

thar theoretically proposethctors(Wechsler model)The hierarchicat factor accounted for
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31.7% of the total vaance and 65.3% of the common variaridee general factor also
accounted for betweeén3% (CA) and45.3% (IN) of individual subtest variability-or
comparison, results of SL transformation of fiaetor EFA solution is presented in Table A3
(Online Supporting Materialgnd illustrates how little unique variance the fifth factor provides
(3.4% total variance, 6.4% common variance)

Omegacoeffidents were estimated based on the SL results in Pableewy coefficiert
for a unitweightedFSIQscorebased on all indicato(s811) was high however, theoys
coefficients forfour unit-weightedWISC-V"* factorindex score¢VCl, WMI, PR, PS) based
on all indicatorsvere considerably lower @5-.469.

CFA

Global fit. Results from CFA$or the 16 WISEV"  primary and secondary subteats
presented in Tablg. Models 1 and 2 were anlequate due to low CBhdtoo highRMSEA
values. Model 3 waadequatdutall models bothhigherorder and bifactor) that included feur
or five-group factors produced global fit statistics that indicated good fit to thesd@datdor
models where AR was not creemded wereftenmearingfully better than their highesrder
versions when consideringCFA values, but meaningful differences in RMSEA were only
observed for Model 4b bifactor and Model 4e bifactor compared to their Fogther versions.
In contrast, kbifactor models wereneaningfully superioto their higherorder versionsvhen
consideringAAIC andthereforemore likely to replicate.

Local Fit. Althoughseveraimodels achieved good global fit, assessment of local fit
identified numerous problem$able4 presents each of the models thahibitedlocal fit
problems (i.e., nostatistically significant standardized path coefficients, negataedardized

path coefficientsand negative variance estimatesissues with either very low or very high
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standadizedpathcoefficients(DiStefano & Hess, 2005Many of these models were thus
considered inadequateor examplethe publisherOs preferred model (5e higinger)produced
good global fit to these data (CFL979 RMSEA =.036), but thestandardized path coefficient
(.063)of AR on FRwasnot statistically significanthe standardized path coefficient (.19%)
AR on VC was statistically significatiut low, and theremoval ofthe nonstatistically
significantAR loading on FR producesaddel 5d

Model Selection.Model 4abifactor displayed the best fit according to CFl, RMSEA, and
AIC indicesbutit was not meaningfully superior tofactorModels4b, 4e, 5a, and Sblowever,
local fit problemswith those alternative mode{see Tablel) weighed againgheir selection.
Thus, Model 4aifactor (Figure4) appears the best model to represent WASE measurement
despite theveakstandardized path coefficients of R PR and®Sanon WM. Model 4a
bifactordid notmanifest anynegativestandardized path coefficierds negative variance
edimates and was consistent with CFsults from the WISQV (Canivez, Watkins, Good, et
al., 2017; Watkins et al., 2018¥ well as the currentA resultsfrom the WISC-V",

Variance andreliability . Table5 presentsources of variance for Model 4a bifactor
from the 16 WISEV"¥ primary and secondary subtedtost subtest variance wassociated
with the general intelligence dimension and substantially smaller portions of vasiaree
uniquely assciated with the four WIS/ group factorsThe oy coefficientof .829for a unit
weighted FSIQ score with all indicatasssrobustbut the wys coefficients forfour unit-
weightedWISC-V"¥ factorscoregVCI, PR, WMI, P3) with all indicatorswere conilerably
lower, ranging from .14ZWM) to 452 (PS).For comparison, Table A4 presents variance
sources for Model 4a higherder illustrated in Figure A2 (s€&nline Supporting Materialsps

shown in Table Adand identical to the bifactor modehly the general intelligence dimension
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conveyed meaningful portions of trgeore variance, while the four group factors conveyed little
unique measurement amtludedlow wys coefficients.
Discussion

Results from th@resenEFA andCFA challenge th&VISC-VY" structure promoted in
the WISC-V ¥ Administration and Scoring Manual. EFA results failed to support a fisfactor
model as only the MR subtest had a salient loading on the fifth fattwontrast, four robust
factors with theoretically consistesubtest associations resembling the traditional Wechsler
structure emerged frothe EFA. The present results replicdthe outcomes of EFA studie$
the WISGYV in the US and imther countriesn regard to the inadequate fifth fac{@anivez et
al.,in press2016; Dombrowski et al., 2012018; Lecerf & CaniveZ2017). Of interest, the AR
subtest was the sole salient loading the fifth factor in the French standardization sample but
FW, MR, and VPsubtestsvere singlet in the US sample depending examinee age.

When modeling five firsbrder factors and one higherder factomwith all 16 primary
and secondary subtests promoted by the publish€&FA approximateit statistics appeared to
be supportiveThe publisher preferred WISEZ”* model (Model 5énigherorde) included three
crossloadings ofAR onVC, FR,and WM but thestandardized path coefficieot AR to FR
was not statistically significam the presenstudy, andalthoughthe standardized path
coefficientof AR toVC was statistically significantt was low Additionally, the FR factor
loaded at98 on thez factor, makingthose factorempirically redundantThese local misfits
indicae thatModel 5ehigherorder(publisher preferredyasnot the best madel. In contast,

CFA results supported a bifactor version of the WASE structure with four group factors akin
to the traditional Wechsler representation. That model exhibiteggative standardized path

coefficients nor negative variance estimates and wasaisistent with results from the WISC
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VUK. However, that modakas flawed byweak loadings of the®and FSpansubtests on their
respective factorsSimilar resuls wereobserved with th€anadianFrench Spanish, and US
WISC-V standardization sam@evherethe publisher preferredlodel 5ehigherorderwas not
the bestitting mode| the FRandg factors were empirically redundaiaind a bifactor version of
the traditional Wechsler structure was prefef@anivez, Watkins, & Dombrowski, 2@;
FenollarCortZs & Watkins, 2018 ecerf & Canivez2017; Watkins et al., 20)8

Modelbasedreliability estimategrom bothWISC-V"¥ EFA and CFAresultsindicated
that the FSIQ score was sufficiently reliable for individual interpretafifihc§y = .82)

Although thew coefficients for the WIS6/"" factor index scores were all above .70, dhe
estimates for those index scores were generally M= .21; see Tables 2 and 5). This
demonstrates that most of the factor index soelrability could be atibuted to the general
intelligence factor rather than the group factors. Scores with suah/gestimates are
extremely limited for measuring unigaeegnitiveconstructs Brunner et al, 201Reise, 2012;
Reise et al., 2093nd to interpret factor indescores with such lowysvalues "as representing
the precise measurement of some latent variable that is unique or different from the general
factor, clearly, is misguidedRpdriguez et al., 2016, p. 225).

Thus, the WIS/ factor index scores likely possess too little reliability beyond the
influence of general intelligence to support confident clinical interpretation (Reise, 2012; Reise
et al., 2013Rodriguez et al., 2016). This outcome was predicted by&ujean and Benso
(2018, who contended that a strategy of creating cognitive instruments that measure both a
general attribute (i.eg) as well as more specific attributes (i.e., group factors) will result "in

creating less reliable scorefthbe specific attributes” ([b).
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TheseEFA, CFA, and modebased reliabilityesults are not unique the WISGV or
WISC-V¥ nor to national standardization samp@isiilar resultshave been observéua studies
of the WISCGIV (Bodin, Pardini, Burns, & Stevens, 200®anivez, 2014bGomez, Vance, &
Watson, 2016Keith, 2005;Styck & Watkins, 2016Watkins, 20062010) and with other
Wechsler scale@Canivez & Watkins, 201,@Canivez, Watkins, Gooet al.,2017;Gignac, 2005
2006;Golay & Lecerf, 2011McGill & Canivez 2016 2017 Watkins & Beaujean, 2014
Watkins et al., 2013 Nor arethese results unique Wechsler scales as simifamdingshave
been reportedith other cognitive scales (Canivez, 20@811 Canivez, Konold, Collins, &
Wilson, 2009; Canivez 8cGill, 2016; Cucina & Howardson, 201DjStefano & Dombrowski,
2006;Dombrowski, 2013pombrowski, McGill, & Canivez, 2017, 201Bombrowski &
Watkins,2013;Dombrowski et al., 2009Nelson & Canivez, 20135trickland, Watkins, &
Caterino, 201p
Limitations

The present studgxaminedEFA andCFA for the full WISGV"" standardization
samplebutit is possible that diffent age groups within the WISEZ“¥ standardization sample
might producesomewhatlifferent resultsEFA andCFA with different ag groups should be
conductedo examinestructuralinvariance across ag@ther demographic variables where
invariance should be examined include sex/gender andesariomic stais. Howeverthe
WISC-V" standardization sample is considerably smaller than the WSEstandardization
sample so sampling error may affect such estimates and additisaiaksvith newand much
largersamples may be requireurther, the only available correlation matrix foe WISC-V“¢

standardization sampie for the total sample (no separate matrices by age were provided by the
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publisher) so standardization sample raw data woultkbded, something denied by NCS
Pearsonlinc. for the present study.

Also, thepresentinalysesvere of thestandardization sample atitusmay not
generalize to othgopulationssuch as clinical groups independergamples ohonclinical
groups participants oflifferentraces/ethnicities or language minoritie$Vhile structural
invariance across gendbas beemeportedior theUSWISC-V (H. Chen et al., 2015pifactor
modelsand models with fewer group factovere not examined sovariance ofalternative
modek should also be examinedross gender

Of coursethe results of the present study only pertain to the l&etdr structure and do
not fully test theconstructvalidity of the WISGVY", whichwould involve examinations of
relations with external criterigCanivez, 2018). Examinations oincremental predicte validity
(Canivez, 201B; Canivez, Watkins, James, James, & Good, 2014; Glutting, Watkins, Konold, &
McDermott, 2006 Nelson Canivez, & Watkins, 20930 determinef reliable achievement
variance is incrementally accounted fortbg WISC-V"X factor index scores beyond that
accounted for by the FSI§rore(or through l#ent factor scores [séaanzler,Benson, & Floyd,
2015])and diagnostic utilit{see Canivez, 208Bstudies should also be examin€iven the
small portions of true score varianoeiquelycontributedby thefour groupfactorsin the WISG
VvYX standardization sampli seems unlikelyhat WISGV" factor index scorewill provide
meaningfulvalue(DeMars, 2013).

Finally, it has been suggsted that fit indices ibifactor models might be statistically
biased wherwompared to highesrder models due to unmodeled complexities (Murray &
Johnson2013) proportionality constraints (Gignac, 2016), or violataf tetrad constraints

(Mansolf& Reise, 2017)However, Morgan, Hodge, Wells, and Watkins (2015) found in their
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Monte Carlo simulations that the bifactor mod#id'not generally produce a better fit when the
true underlying structure was not afactor one'(p. 15).There is no satistdory statistical
solution as to whethar why bifactormodels might be biased (Mansé&fReise, 2017).
Fortunatelythe preferred model (high@rder versus bifactogan be selected based the
purpose of measurement. As described by Murray and Jo(2@b8), both models will provide
a good estimate @f, the higherorder model may be more appropriate for testing factor to
subtest paths in measurement models, and the bifactor model should be preferred when "pure”
measures of specific factors are daslyecause factor scores from a highester model
"conflateg and specific variance, so any associations with these scores will reflect (to possibly a
very large extenty rather than just the target specific ability” (p. 4ZBijven thatscores from
the WISC-V“  will likely be used bysychologists to provide an estimate of general ability
to interpret cognitive strengths and weaknesses operationalized through the factor index scores as
recommended by the publisher and popular textbooks (S&ttlerpnd, & Coalson, 2016;
Wechsler, 2016h)t has been argued thatifactor representation of its structsreuld be
preferred (Murray & Johnson, 2013).
Conclusiors

The WISGVYX, as presented in the WISC* Administration and Scoring Manual,
appears tte overfactore@Beaujean & Bensor2018 Frazier & Youngstrom, 2008ndthe
robustreplication of previouEFA and CFAfindingsfrom theUSWISC-V (Canivez et al.in
press2016, 2017; Dombrowski et al., 201&anadian WIS/ (Watkins et al.2017), French
WISC-V (Lecerf & Canivez2017), and Spanish WIS® (FennollarCortZs & Watkins2018
furthersupport that conclusioifhe attempt to divide the PRctor into separatéS andFR

factorsappears to have beansuccessful antthereforestandard scores and comparisons for FR



CONSTRUCT VALIDITY OF THE WISGV'® 27

scoresarepotentially misleadinglf the publisher wishes to measure separate VS and FR factors
then subtests that as&'ongemeasures of the VS and FR factors and simultaneouslgmpoor
measures ofF will be required; but, given the dominance of general intelligence in most
cognitive subtests, there may still be too little unique variance captured to make such an
endeavor fruitful (Rodriguez et al., 2016).

As a result of the current study, psychotagiin the UK and Ireland now have
information to properly interpr&/ISC-V"¥ scoresaccording to th&€ode of Good Practice for
Psychological Testing (British Psychological Societ@007,2016 and theGuidelines on Test
Use (International Test Commissio013) Specifically,the WISC-VY* may be best
represented by a fodiactor structure akin to the prior WIS® representation witfiactor index
scoreghatcontribute little reliable information beyodbecause thegonflatethe variance from
general intelligence and group fac@and cannqgtthereforepe interpreted as pure measures of
verbal comprehension, perceptual reasoning, visual spatial reasoning, fluid reasoning, working
memory, or processing speéd contrast the FSIQexhibited gad reliability across factor
methods and samplds agreement with Dombrowski et al. (2018), we recommend that
"primary interpretive emphasis should be placed upon the FSIQ with.eecondary, yet

extremely cautious, interpretive emphasgith the WISCV index scores(p. 100).
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Tablel
Wechsler Intelligence Scale for Children-Fifth UK Edition (WISC-V'X) Exploratory Factor Analysis: Oblique Four-Factor Solution for the Total
Standardization Sample (N = 415)

Verbal Perceptual Working Processing
General Comprehension Reasoning Memory Speed

WISC-VY™ Subtest S P s P s P S P S 5
Similarities 716 .704 776 .052 .585 .037 .549 .031 .329 .608
Vocabulary 770 .815 .859 .029 .622 .046 .586 -.017 314 740
Information 757 .604 774 178 .654 .045 .588 .047 375 .628
Comprehension .594 .827 726 -.113 .440 -.032 425 -.003 219 .536
Block Design .663 .043 527 .695 .728 -.021 513 .035 .378 531
Visual Puzzles .603 -.059 457 .846 724 -.113 437 -.005 .323 .534
Matrix Reasoning .620 .008 484 .529 .647 176 .538 -.023 .338 433
Figure Weights 573 192 513 438 .583 .053 .453 -.054 .258 .364
Picture Concepts 473 .016 .369 .352 478 .165 421 -.001 271 244
Arithmetic .652 176 .544 .076 .542 .458 .652 .047 407 .455
Digit Span .664 .003 .502 .014 .534 795 .764 -.074 .385 .587
Picture Span .504 -.055 .355 .258 475 .310 .500 .081 .363 .288
LetterNumber Sequencing .630 .043 .488 -.046 490 .769 729 -.064 .366 .536
Coding 451 -.149 214 .033 .365 .150 462 .679 727 .543
Symbol Search .532 .035 .339 -.068 401 190 .529 .640 727 .550
Cancellation 273 119 176 .013 217 -.291 173 .666 .549 .339
Eigenvalue 6.32 1.52 1.05 0.98
% Variance 36.55 6.50 3.38 3.03
Promax Based Factor Correlations VC PR WM PS

Verbal Comprehension (VC) -

Perceptual Reasoning (PR) .698 -

Working Memory (WM) .650 .699 -

Processing Speed (PS) .357 .488 .568 -

Note. S = Structure Coefficient? = Pattern Coefficient> = Communality. General structure coefficients are based on the first unrotated factor
coefficients ¢ loadings). Salient pattern coefficients.B0) presented in bold.
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Table?2
Sources of Variance in the Wechsler Intelligence Scale for Children-Fifth UK Edition (WISC-V*) for the Total Standardization Sample (N = 415) According to
an Exploratory SL Model (Orthogonalized Higher-Order Factor Model) with Four First-Order Factors

Verbal Perceptual Working Processing
General Comprehension Reasoning Memory Speed

WISC-VY™ Subtest b 5 b 5° b 5 b 5 b 5 5 u®
Similarities .625 .391 463 214 .027 .001 .018 .000 .025 .001 .607 .393
Vocabulary .669  .448 536  .287 .015  .000 .023 .001 -.014 .000 736 .264
Information .673 .453 397  .158 .092  .008 .022 .000 .038 .001 .621 .379
Comprehension 497 247 544 296 -.058 .003 -.016 .000 -.002 .000 547 453
Block Design .629 .396 .028 .001 359  .129 -.010 .000 .029 .001 526 .474
Visual Puzzles 579 .335 -.039 .002 437 191 -.056 .003 -.004 .000 531  .469
Matrix Reasoning .598 .358 .005 .000 273  .075 .088 .008 -.019 .000 440 .560
Figure Weights 534 285 126 .016 226  .051 .026 .001 -.044 .002 .355 .645
Picture Concepts .456  .208 .011  .000 .182 .033 .082 .007 -.001 .000 248 752
Arithmetic .622 .387 116 .013 .039 .002 .228 .052 .038 .001 455 545
Digit Span .661 .437 .002  .000 .007 .000 396 .157 -.061 .004 598 .402
Picture Span 495 245 -.036 .001 133 .018 154 .024 .066 .004 292 .708
LetterNumber Sequencing .623 .388 .028 .001 -.024 .001 .383 .147 -.052 .003 539 .461
Coding 437 191 -.098 .010 .017  .000 .075 .006 556 .309 516 .484
Symbol Search 501 251 .023 .001 -.035 .001 .095 .009 524 275 536 .464
Cancellation .231 .053 .078 .006 .007 .000 -.145 .021 545 297 378 .622
Total Variance 317 .060 .030 .024 .055 495 505
ECV .653 123 .062 .049 113
® .914 .867 773 767 712
®Op/OHs .811 .332 .169 .145 469

Note. b = standardized loading of subtest on fac$or variance explained;° = communality z* = uniqueness (specificity plus errpBCV = explained commoi
variance,m = Omegawy = Omegahierarchical (general factondwpys= Omegahierarchical subscale (group factor8old type indicates largest coefficien
and variance estimates consistent with the theoretically proposed factor. The highest subtest loading with the spef@Efitogreap used in omega subsci
estimates.
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Table 3
CFA fit statistics for WISC-VY® 16 Subtests for the Total Standardization Sample (N = 415) of the Wechsler
Intelligence Scale for Children-Fifth UK Edition

90% CI

Modef* 2 df CFlI ACFlI  RMSEA RMSEA ARMSEA AlC AAIC

1 499.62 104 .840 .150 .096 [.087, .104] .069 31,346.37 353.60
2 HigherOrdef 411.10 102 .875 115 .086 [.077, .094] .059 31,261.85 269.08
3 HigherOrder 273.95 101 .930 .060 .064 [.055, .073] .037 31,126.71 133.94
4a HigherOrder 163.29 100 .974 .016 .039 [.028, .050] .012 31,018.05 25.28
4a Bifactor® 114.02 88  .990 .000 .027 [.008, .040] .000 30,992.77 0.00
4b HigherOrder* 187.18 100 .965 .025 .046 [.036, .056] .019 31,041.94 49.17
4b BifactoP 115.79 89  .989 .001 .027 [.009, .040] .000 30,994.55 1.78
4c HigherOrder® 162.33 99 974 .016 .039 [.028, .050] .012 31,019.08 26.31
4d HigherOrder’ 157.54 98 .976 .014 .038 [.027, .049] .011 31,016.30 23.53
4e HigherOrder® 188.24 100 .964 .026 .046 [.036, .046] .019 31,043.00 50.23
4eBifactor’ 114.80 88  .989 .001 .027 [.009, .040] .000 30,993.56 0.79
5a HigherOrder™ 157.99 99 976 .014 .038 [.026, .049] .011 31,014.75 21.98
5a Bifactot 118.38 89  .988 .002 .028 [.012, .041] .001 30,997.14 4.37
5b HigherOrder" 164.47 99 974 .016 .040 [.029, .050] .013 31,021.22 28.45
5b Bifactor® 123.70 89  .986 .004 .031 [.016, .043] .004 31,002.45 9.68
5c HigherOrder' 153.76 98 .978 .012 .037 [.025, .048] .010 31,012.52 19.75
5d HigherOrder™ 150.11 98 .979 .011 .036 [.024, .047] .009 31,008.86 16.09
5e HigherOrder™® 149.95 97  .979 .011 .036 [.024, .047] .009 31,010.70 17.93

Note. CFl = Comparative Fit Index, RMSEA = Root Mean Square Error of Approximation, AIC = AkaikeOs Information Criteric
Bold text illustrates beditting model.

"Model numbers (number of group factors) and letters correspond to those reported in the R4S @ical and Interpretive Manual
and the WISEV Administration and Scoring Manual Appendix D (except 4e, which was added for comparison toiv@an Watkins,
& Dombrowski, 2017). Subtest assignments to latent factors are specified in Figures 2*aMaaels with local fit problems
specified in Table 4.
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Table4

Local Fit Problems Identified Within Specified Models

CFA Model Local Fit Problem

2 HigherOrderr  Factor 1 (Verbal) and Factor @) (inearly dependent on other parameters so varig
estimate set to zero for model estimation and lossdgf 1

4a Bifactor PC standardized path coefficient on PR (.100) andt®&lardized path coefficient
on WM (.127) not statistically significant

4bHigherOrder Factor 3 (PR/WM) standardized path coefficient with997) very high

4b Bifactor MR (-.069), PC (.017), and PS (.124) standardized path coefficients on Factor Z

4c HigherOrder
4d HigherOrder

4eHigherOrder
4e Bifactor
5aHigherOrder
5a Bifactor

5b HigherOrder
5b Bifactor

5cHigherOrder
5d HigherOrder

5eHigherOrder

(PR/WM) not statistically significant, FW standardized path coefficient on Facto
(PR/WM) (-.159) statistically significant

AR standardized path coefficient on PR (.125) not statistically significant

AR standardized pattoefficient on PR (.038) not statistically significant, AR
standardized path coefficient on VC (.184) not practically significant

Model 4e placed AR only on PR group factor with no clloaslings (see Canivez el
al., 2017), PR standardized path coefficient wi{t@77) very high

PC standardized path coefficient on PR (.115) and PS standardized path coeffic
on WM (.099) not statistically significant, and negative AR stadidad path
coefficient on PR-(161)

FR standardized path coefficient witl{.973) very high

MR and FW had negative loadings0R9 and.795, respectively) on FR and PC
standardized path coefficient on FR not statisticsitiyificant

Negative variance estimate, FR standardized path coefficiengwith 0

MR standardized path coefficient on FR (.193), FW standardized path coefficier
FR (.125), PC standardized path coefficient on(AR7), AR standardized path
coefficient on FR{374), and PS standardized path coefficient on WM (.112) not
statistically significant

Negative variance estimate, FR standardized path coefficiengwith 0

AR standardized path coefficient on VC (.215) was weak, FR standardized path
coefficient withg (.980) was very high

AR standardized path coefficient (.063) on FR not statistically significant, AR
standardized path coefficient (.192) on W@s low but statistically significant,
removal of AR loading on FR produces Model 5d

Note. Model number indicates the number of group factors included in the model and model numb:
letter correspond to those reported in the WNsCechnical and Interpretive Manual and the WISEV X
Administration and Scoring Manual Appendix D (except 4e, which was added for comparison to Cani\
Watkins,& Dombrowski,2017). Subtest assignments to lateotdes are specified in Figures 2 and 3
*Statisticallyinadmissible model.
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Table 5
Sources of Variance in the WISCX 16 Subtests fahe Total Standardization Sam{lé = 415) According to CFA Model ifactor
Verbal Perceptual Working Processing
General Comprehension Reasoning Memory Speed
WISC-VY* Subtest b S b S b S b s b S h® u ECV
Similarities .656 430 427 182 613 387 .702
Vocabulary 709 .503 480 230 733 267  .686
Information 720 518 324 105 623 377 832
Comprehension 507 257 542 294 551 449 467
Block Design .639 408 377 142 550 450 742
Visual Puzzles 568 323 489 239 562 438 574
Matrix Reasoning 632 399 162 .026 426 574 938
Figure Weights 583 340 138 .019 359 641 947
Picture Concepts 480  .230 .100 .010 240 760 958
Arithmetic .657 432 167 .028 460 540 939
Digit Span .640 410 412 170 579 421 707
Picture Span 501 251 127 .016 267 733 940
Letter-Number Sequencing 605 366 443 .196 562 438 651
Coding 405 164 .615 378 542 458 302
Symbol Search 495 245 551 304 549 451 447
Cancellation 223 .050 471 222 613 387  .702
Total Variance 333 .045 .024 .021 .054 476 524
ECV .698 .094 .050 .044 114
! 917 .870 778 769 .706
AR .829 252 145 142 452

Note b = standardized loading of subtest on factor, S’ = variance explained, h* = communality, u* = uniqueness, ECV = explained common

variance, ! = Omega, ! y= Omega-hierarchical (general factor), and ! yjs= Omega-hierarchical subscale (group factors).
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Figure 1. Wechsler Intelligence Scale for Children, Fifth Edition (WISC-V) higher-order measurement model with
standardized coefficients (adapted from Figure 5.1 [Wechsler, 2014b]), for the standardization sample (N = 2,200).
SI = Similarities, VC = Vocabulary, IN = Information, 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.
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Model 2| Model 3| Model 4a “]gl"f:‘c*i:: Model 4b l\éffiilt:rb Model 4c | Model4d | Model e l\gi‘;‘;ii(:':

Subtest | F1 F2 [F1 F2 F3|F1 F2 F3 F4| ¢ F1 F2 F3 F4|F1 F2 F3 F4| g F1 F2 F3 F4[F1 F2 F3 F4[F1 F2 F3 F4|F1 F2 F3 F4] ¢ FI F2 F3 F4
SI | m u u EE u N ] ] ] EE

ve | m [ [ E N [ N [ ] ] E N

IN | m [ [ E N [ N [ n n E N

co |m [ [ N [ N [ ] ] E N

BD [ [ [ E = [ E = [ ] ] E =

VP [ [ [ E = [ E = [ ] ] E =

MR [ [ [ E = m |m [ [ ] ] E =

FW [ [ [ E = m |m [ [ ] ] E =

PC [ [ [ E = = [ [ ] ] T

AR | m [ E |m [ = [ EE |mEm ] E =

DS | m [ C [ m |m [ [ ] mE |m n
PS [ [ C [ m |m [ [ ] E |m [
IN | m [ C [ m |m [ [ ] E |m [
CD [ [ mm [ m|m [ [ ] m|m [
SS [ [ mm [ m|m [ [ ] m|m [
CA u u mm u m|m u n n m|m n

Figure 2. WISGV"® Primary and Secondary Subtest configuration for CFA models witfa2tors. SI = Similarities, VC =
Vocabulary, IN = Information, CO = Comprehension, BD = Block Design, VP = Visual Puzzles, MR = Matrix Reasoning, FW =
Figure Weights, PC = Picture Concepts, AR = Arithmetic, DS = Digit Span, PS = Picture Span, LN-Nuetbsr £quencing,

CD = Coding, SS = Symbol Search, CA = Cancellathdhmodels include a higheorder general factor except for the bifactor
models.
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Model Sa Model Sa Bifactor Model Sb Model Sb Bifactor Model Sc Model 5d Model Se
Subtest | F1 F2 F3 F4 F5 F1 F2 F3 F4 F5|F1 F2 F3 F4 F5 F1 F2 F3 F4 F5|F1 F2 F3 F4 F5|F1 F2 F3 F4 F5|F1 F2 F3 F4 F5
SI
VC
IN
CO
BD |
VP |
MR |
FW
PC |
AR
DS
PS
LN
CD |
SS |
CA |

|
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|

E B EEEEE N EEEEEEBNEE®

Figure 3. WISGV"® Primary and Secondary Subtest configuration for CFA models with 5 faGbrsSimilarities, VC =
Vocabulary, IN = Information, CO = Comprehension, BD = Block Design, VP = Visual Puzzles, MR = Matrix Reasoning, FW =
Figure Weights, PC = Picture Concepts, AR = Arithmetic, DS = Digit Span, PS = Picture Span, LN-Nuetbar £quencing,

CD = Coding, SS = Symbol Search, CA = Cancellatkdhmodels include a higheorder general factor except for the bifactor
models.
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Intelligence
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Figure 4. Bifactor measurement model (4a Bifactor), with standardized coefficient&/|&e-V"" standardization sampl&l & 415) 16
SubtestsSI = Similarities, VC = Vocabulary, IN = Information, CO = Comprehension, BD = Block Design, VP = Visual Puzzles, MR =
Matrix Reasoning, FW = Figure Weights, PC = Picture Concepts, AR = Arithmetie,[§t Span, PS = Picture Span, LN = Letter
Number Sequencing, CD = Coding, SS = Symbol Search, CA = Cancellatien.05.



