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Abstract
This study investigated the factor structure of the French Wechsler Intelligence Scale for Children—Fifth Edition with
five standardization sample age groups (6-7, 8-9, 10-11, 12-13, 14-16 years) using hierarchical exploratory factor analysis

followed by Schmid—Leiman procedure. The primary research questions included (a) how many French Wechsler
Intelligence Scale for Children—Fifth Edition factors should be extracted and retained in each age subgroup, (b) how are
subtests associated with the latent factors, (c) was there evidence for the publisher’s claim of five first-order factors and
separate Visual Spatial and Fluid Reasoning factors, (d) what proportion of variance was due to general intelligence versus
the first-order group ability factors following a Schmid—Leiman procedure, and (e) do results support the age differentiation
hypothesis? Results suggested that four factors might be sufficient for all five age groups and results did not support the
distinction between Visual Spatial and Fluid Reasoning factors. While the general factor accounted for the largest portions
of variance, the four first-order factors accounted for small unique portions of variance. Results did not support the age
differentiation hypothesis because the number of factors remained the same across age groups, and there was no change
in the percentage of variance accounted for by the general factor across age groups.
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Public Signiﬁcance Statement the internal validity. While the structural validity of the
total WISC-VTR standardization sample was recently eval-
uated by Lecerf and Canivez (2018), no independent study
of the factor structure has been conducted with separate
standardization sample age groups. Furthermore, based on
the age differentiation theory (Garrett, 1946), and Cattell’s
investment theory (1987), the extent to which relations
between different broad abilities depend on age should be
examined, because this theory suggested changes in the
organization of intelligence with age.

The present investigation indicated that the structural valid-
ity of the French Wechsler Intelligence Scale for Children—
Fifth Edition (WISC-V™®) with five standardization sample
age groups consists of a general intelligence factor and four
first-order primary factors. Data were not consistent with
the higher-order five-factor model recommended by the
publisher. The general intelligence factor accounted for the
largest portion of common variance, hence supported the
primary and likely exclusive interpretation of the Full Scale
Intelligence Quotient (FSIQ). Results did not support the
age differentiation hypothesis. 'University of Geneva, Geneva, Switzerland
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The purpose of this study was to apply hierarchical
exploratory factor analysis (HEFA) to five WISC-V™® stan-
dardization sample age groups (6-7, 8-9, 10-11, 12-13, 14-16
years), because EFA was not reported in the WISC-VR
Interpretive Manual, and because the reported confirmatory
factor analysis (CFA) contained several psychometric con-
cerns (Lecerf & Canivez, 2018). Complementary EFA with
these five-standardization sample age groups was needed.
After determining how many WISC-V™® factors should be
extracted and retained in each age subgroup and how the
subtests are associated with the latent factors, the propor-
tions of variance due to the second-order general intelligence
factor versus the first-order group ability factors following a
SL procedure (Schmid & Leiman, 1957) were estimated.

WISC-VFR

The WISC-VFR includes 15 subtests, which are combined
to form a higher-order model consisting of a general intel-
ligence factor with five first-order primary factors index
scores. On the basis of the CHC compendium of cognitive
abilities (Schneider & McGrew, 2018), the main theoreti-
cal goal of the WISC-V® publisher was to split the previ-
ous Perceptual Reasoning (PR) factor into two distinct
factors: Visual Spatial (VS) and Fluid Reasoning (FR).
The five WISC-V™ first-order factors are hence consis-
tent with the CHC compendium of cognitive abilities:
Comprehension-Knowledge (Gc: VC), Visual-Spatial pro-
cessing (Gv: VS), Fluid Reasoning (Gf: FR); Short-Term
Working Memory (Gwm: WM), and Processing Speed
(Gs: PS). In addition, although Arithmetic cross-loaded on
the latent VC, FR, and WM factors, it is now considered as
an indicator of FR instead of WM as in the previous
WISC-IVFR, All other 14 subtests were associated with
only one latent factor. However, this general WISC-VR
structure was not supported by independent complemen-
tary EFAs and CFAs conducted with the total standardiza-
tion sample (Lecerf & Canivez, 2018). The primary
debates concerned the separation of VS and FR factors
versus a single PR factor and the abilities assessed by the
Arithmetic subtest.

The WISC-V™R publisher reportedly tested this higher-
order five-factor model with the five standardization sam-
ple age groups and indicated that the model fitted data best
out of several competing models for all age groups.
Because few CFA details were reported in the WISC-VR
Interpretive Manual with the five sample age groups, and
most importantly, because the CFAs contained several psy-
chometric concerns, complementary EFAs with these five-
standardization sample age groups was required. It was
important to empirically evaluate the structural validity of
the WISC-V™ for the five age samples, and not only for
the total sample.

WISC-VFR/WISC-V Factor Structure
Research

HEFA and CFA are commonly used to investigate the inter-
nal structure of subtest scores, and to provide validity evi-
dence for the underlying latent constructs (Watkins, 2018).
The factorial structure of the WISC-V™® was established
exclusively through CFAs. However, since many changes
were introduced in the WISC-V, analyses should start with
EFA and the factorial structure of the WISC-V™® should not
be based only on CFAs (Canivez et al., 2016). Furthermore,
and as indicated by several researchers, psychometric con-
cerns can be raised regarding the WISC-VTR factorial struc-
ture and CFAs reported in the WISC-VIR Interpretive
Manual (Beaujean, 2016). These concerns also apply to the
CFA conducted with the five standardization sample age
groups (Canivez, Dombrowski, et al., 2018; Dombrowski,
Canivez, et al., 2018). Additionally, the WISC-VR publisher
determined model consistency with data solely on the basis
of absolute and relative fit indexes. No information was pro-
vided regarding local model misfit and the interpretability of
parameter estimates (loadings, path coefficients, etc.). With
the favored WISC-VF® measurement model for the total
sample (labeled Model 5¢), local model misfit revealed: (a)
a nonstatistically significant loading of VC on Arithmetic
(.02); and (b) a standardized path coefficient between g and
FR (Gf) higher than 1.00, suggesting that the WISC-V™® ig
likely overfactored. Local model misfit of the publisher’s
preferred model for the total sample suggested that this
model did not fit these data. There is no information regard-
ing the local model misfit for the five standardization sample
age groups. Finally, the publisher of the WISC-V™® favored
a five-factor higher-order model, but a higher-order model
with four first-order factors exhibited equivalent goodness-
of-fit indices (comparative fit index, root mean square error
of approximation, Tucker—Lewis index). Therefore, there is
doubt about the claim that the five first-order factors model
fit best out of several competing models.

Another criticism is that the WISC-VR publisher did not
decompose the subtest variance accounted for the general
intelligence factor versus the five first-order group factors.
Previous studies indicated that most of the total and the
common variance of the WISC subtests was associated with
the general intelligence factor, while small variance por-
tions were unique to the lower group factors, except for the
PS subtests (Canivez et al., 2016). This result suggested that
the Wechsler scales of intelligence might be primarily mea-
sures of general intelligence. Although it is well demon-
strated that the classical estimates of reliability (i.e., alpha)
are biased, the publisher of the WISC-V™® did not report
omega-hierarchical (m,) and omega-hierarchical subscale
(wy) or other model based estimates such as the H coeffi-
cient (Hancock & Mueller, 2001), which have been shown
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to be more adequate (Rodriguez et al., 2016). These indices
(o, Oy, H) were estimated in the present study.

Age-Differentiation Hypothesis

With regard to the study of human intelligence, a central
topic concerns changes in the factor structure of intelli-
gence. Several hypotheses have arisen to account for these
changes: age-differentiation hypothesis, ability-differentia-
tion hypothesis, developmental ability-differentiation
hypothesis, performance-differentiation hypothesis, and
developmental  personality-differentiation  hypothesis
(Reinert, 1970). The present study focused on the age-dif-
ferentiation hypothesis, which assumes that the role of the
general factor becomes less important with age. According
to Cattell’s investment theory, the structure of cognitive
abilities becomes more differentiated with development,
predicting an increase in the number and the importance of
broad abilities with age. The model proposed by Ackerman
(2018), the Intelligence-as-Process, Personality, Interests,
and Intelligence-as-Knowledge (PPIK), could be consid-
ered as an “extension” of Cattell’s investment theory. The
investment of Intelligence-as-Process leads to the develop-
ment of Intelligence-as-Knowledge. The age-differentiation
hypothesis was later extended as an age differentiation-
dedifferentiation hypothesis. Over the course of develop-
ment, the structure of intelligence is expected to become
more differentiated in a first step, and less differentiated in
a second step.

Age differentiation was mainly tested by comparing age
subgroups with respect to the mean subtest correlation, and/
or the first principal component and/or the factor structure. It
has been suggested that the subtest correlations and the first
principal component of the subtests score diminish with age,
while the number of factors increase with age. Contradictory
results have been reported with some studies supporting the
age differentiation hypothesis (Deary et al., 1996), while
others supported age dedifferentiation (Breit et al., 2020), or
others age in differentiation (Escorial et al., 2003).

Some studies investigated the age differentiation hypoth-
esis using multiple-group factor analysis (MGCFA) and
results were inconsistent. Molenaar et al. (2010) and
Hildebrandt et al. (2016) suggested that inconsistency is due
to suboptimal methods (creation of arbitrary subgroups
formed on the basis of arbitrary criteria of ability level or
age) and a lack of an explicit theory of differentiation effect.
These authors suggested that the age variable, which is a
continuous variable, is regularly treated as a categorical one,
and that this could lead to misleading results. In addition, the
age categories are based on arbitrary cutoff, which are dif-
ferent across studies. They proposed to use moderated factor
analysis (MFA) and local structural equation modeling
(LSEM). However, because the first goal was to examine the
factor structure of the WISC-VFR with exploratory methods

(EFA instead of CFA), and because raw data were unavail-
able, use of MFA or LSEM was not possible.

The present study assessed the age differentiation
hypothesis and the factorial structure of the WISC-VI®R by
examining whether the number of factors increased with
age, and whether the proportion of variance accounted for
by the general factor decreased with age. Although Lecerf
and Canivez (2018) assessed the structural validity of the
WISC-VR with the total standardization sample, it is pos-
sible that different structures might be observed within dif-
ferent age ranges. The factorial structure observed with the
total sample does not guaranty that it is appropriate for each
sample age group. This information is contained neither in
the WISC-VPR Interpretive Manual nor in independent
studies. This investigation was necessary not only to deter-
mine the consistency of the WISC-VR structure across the
developmental period but also to better understand the
WISC-VR structure of the 15 subtests for each age group.
The correlations between general intelligence factor and Gf
(FRI/PRI), and between Gf (FRI/PRI) and Gc¢ (VCI) were
also examined.

The present study addressed five goals. The first was to
estimate how many WISC-V® factors should be extracted
and retained in each age subgroup. Incorrect specification
of the correct number of factors can lead to poor score pat-
tern reproduction and interpretation. Based on Lecerf and
Canivez (2018) findings with the total sample, it was
hypothesized that the factor structure of the WISC-V™® for
each sample age group would be better described by four
factors. The second goal was to ascertain the exact nature of
the constructs assessed by each subtest score by estimating
the relationship between every latent factor and subtest
score through EFA. The third goal was to determine if the
publisher’s claim of five first-order factors and the distinc-
tion between VS and FR factors was supported. The fourth
goal was to estimate the proportion of variance due to gen-
eral intelligence versus the first-order group ability factors
following the SL procedure. Finally, the age differentiation
hypothesis was tested by examining whether the number of
factors increased with age and whether the proportion of
variance accounted for by the general factor decreased with
age. The correlation between Ge (VCI) and Gf (FRI/PRI)
should also decrease with age.

Method

Participants

The standardization sample raw data for the WISC-VR
were requested from the publisher but access to this data set
was denied. Therefore, the summary statistics for each age
group (correlations and descriptive statistics) reported in
the WISC-VR Interpretive Manual were used to conduct
EFA. Five correlation matrices were used to represent five
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broad age subgroups. Each age group was composed of 80
to 104 children (6-7 [n = 201], 8-9 [n = 204], 10-11 [n =
200], 12-13 [n = 181], and 14-16 [n = 263]). The total
standardization sample included 1,049 participants, and
was stratified according to age, sex, six parental education
levels, and five geographic regions. The total sample was
matched to the French general census of the population
made by the INSEE in 2010. Because summary statistics
from participants who were members of the WISC-V®R
standardization sample age groups was used, ecthics/IRB
committee approval was not needed.

Instrument

The WISC-V™® is an individual test of intelligence for chil-
dren and adolescents (6 to 16:11 years old). The Full Scale
1Q (FISQ), which estimates the general intelligence, is based
on the sum of 7 primary subtests: Block Design (BD),
Similarities (SI), Vocabulary (VO), Matrix Reasoning (MR),
Figure Weights (FW), Digit Span (DS), and Coding (CD). In
addition to the 7 primary subtests used to estimate the FSIQ,
Visual Puzzles (VP), Picture Span (PS), and Symbol Search
(SS) are added for the estimation of the five primary indexes:
Verbal Comprehension (VC: SI, VO), Visual Spatial (VS:
BD, VP), Fluid Reasoning (FR: MR, FW), Working Memory
(WM: DS, PS), and Processing Speed (PS: CD, SS). The
FSIQ and the five indexes are standard scores (M = 100, SD
= 15). Five ancillary index scores are also available:
Quantitative Reasoning, Auditory Working Memory,
Nonverbal, General ability, and Cognitive proficiency.

Analyses

Best practices in EFA were followed as described by
Watkins (2018). Principal axis exploratory factor analyses
were used to analyze the combined WISC-V™R standardiza-
tion sample correlation matrices from the five age groups
using SPSS 24 for Macintosh OSX. Principal axis EFA was
selected for comparison to other WISC-V studies and
because it often outperformed ML in the recovery of weak
common factors. When factor extraction would not con-
verge due to communality estimates exceeding 1.0 after
maximum iterations (Heywood cases), the analyses itera-
tions in principal axis factor extraction were limited to two
in estimating final communality estimates (Gorsuch, 2015).

Multiple criteria were examined to determine the num-
ber of factors suggested for retention and included eigen-
values >1, the scree test, standard error of scree (SE,..),
Horn’s parallel analysis (HPA), and minimum average par-
tials (MAP). The scree test is a subjective criterion so the
SEq.... as programmed by Watkins (2007) was used because
it was reportedly the most accurate objective scree method.
HPA and MAP were included because they are considered
more accurate and less likely to overfactor (Frazier &

Youngstrom, 2007), although in the presence of a strong
general factor HPA tends to underfactor (Crawford et al.,
2010). HPA indicates meaningful factors when eigenvalues
from the WISC-VT® standardization sample data were larger
than eigenvalues produced by random data containing the
same number of participants and factors. Random data
eigenvalues for HPA were produced using the Monte Carlo
PCA for Parallel Analysis computer program (Watkins,
2000) with 100 replications to provide stable eigenvalue
estimates. Retained factors were subjected to promax
(oblique) rotation (k = 4). Salient factor pattern coefficients
were defined as those =.30 (Child, 2006). Factor solutions
were examined for interpretability and theoretical plausibil-
ity with the empirical requirement that each factor should
be marked by two or more salient pattern coefficients and
no salient cross-loadings (Gorsuch, 2015). Subtest general
intelligence factor loadings (first unrotated factor coeffi-
cients) were evaluated based on Kaufman’s (1994) criteria
(=.70 = good, .50 —.69 = fair, <.50 = poor).

Carroll (1993) argued that variance from the higher order
factor must be extracted first to residualize the lower order
factors, leaving them orthogonal to the higher order factor
as cognitive ability subtest scores reflect combinations of
both first-order and second-order factor variance. The
Schmid and Leiman (1957) procedure has been recom-
mended as the statistical method to estimate the influence of
the general factor on a test from a higher order model
(Gorsuch, 2015). The SL procedure is a reparameterization
of a higher-order factor model, and orthogonalizes first- and
second-order factors. Accordingly, first-order factors were
orthogonalized by removing all variance associated with
the second-order dimension using the SL procedure as pro-
grammed in the MacOrtho program (Watkins, 2004). This
transforms “an oblique factor analysis solution containing a
hierarchy of higher order factors into an orthogonal solution
which not only preserves the desired interpretation charac-
teristics of the oblique solution, but also discloses the hier-
archical structuring of the variables” (Schmid & Leiman,
1957, p. 53).

The SL procedure may be constrained by proportionality
and may be problematic with nonzero cross-loadings
(Reise, 2012). Reise also noted two additional and more
recent alternative exploratory bifactor methods that do not
include proportionality constraints: analytic bifactor and
target bifactor. However, the present application of the SL
procedure was selected for direct comparison with results
obtained by other researchers with the WISC or with other
intelligence tests (Canivez, 2011; Canivez & Watkins, 2010;
Dombrowski, McGill, et al., 2018; Golay & Lecerf, 2011;
McGill & Dombrowski, 2018; Nelson & Canivez, 2012).

Omega-hierarchical and omega-hierarchical subscale
coefficients were estimated, because McDonald’s @, pro-
vides a better estimate for the composite score (Rodriguez
et al., 2016). w, is the model-based reliability/validity



Lecerf and Canivez

1121

estimate for the hierarchical general intelligence factor
independent of the variance of group factors. w, is the
model-based reliability/validity estimate of a group factor
with all other group and general factors removed (Reise,
2012). Omega estimates (o, and o) may be obtained
from EFA SL solutions and were produced using the Omega
program (Watkins, 2013). Omega-hierarchical coefficients
should at a minimum exceed .50, but .75 would be preferred
(Reise, 2012). Omega coefficients were supplemented with
the H coefficient (Hancock & Mueller, 2001), which is a
construct reliability coefficient that represents the correla-
tion between a factor and an optimally weighted item com-
posite. H coefficients are used to evaluate how well a set of
items represents a latent variable. According to Rodriguez
et al. (2016), high H values (>.80) suggest a well-defined
latent variable.

Results

Factor Extraction Criteria Comparisons

Figures A1-AS (Appendix A in online supplemental materi-
als) illustrate HPA scree plots for the five WISC-VIR age
groups, while Table Al (supplemental materials) summa-
rized results from the multiple factor extraction criteria
(eigenvalues >1, scree test, standard error of scree, HPA,
MAP, theory) for suggesting the number factors to extract
and retain. Table A1 showed only the publisher recom-
mended/theory justified extraction of five factors. All other
criteria across the five age groups recommended extraction
of three or fewer factors. Results suggested retention of the
same number of factors across the five age groups, in oppo-
sition to the age differentiation hypothesis. Because it is
suggested that it is better to overextract than underextract
(Wood et al., 1996), EFA began with extracting five factors
to examine subtest associations based on the publisher’s
suggested structure and to allow examination of the perfor-
mance of smaller factors.

Exploratory Factor Analyses: Five-Factor
Extractions

Tables B1 through B5 (Appendix B in online supplemental
materials) present exploratory factor analyses results
extracting five factors for each of the five WISC-V'® age
groups. In each of the five age groups, extraction of five
factors produced psychometrically inadequate results and
no separate VS and FR factors emerged as all subtests from
those purported factors (BD, VP, MR, FW) had salient load-
ings on the same factor (PR) excepting FW for ages 10 to 11
years and MR for ages 14 to 16 years.

For ages 6 to 7 years (see online supplemental Table B1),
a Heywood case was produced, and the two subtests with
salient factor pattern coefficients on the fifth factor included

Picture Span (PS) and Cancellation (CA) which are not
theoretically related, and PS cross-loaded on WM and
Factor 5. For ages 8 to 9 years (see online supplemental
Table B2) only one subtest (CA) had a salient factor pattern
coefficient on the fifth factor rendering it inadequate. For
ages 10 to 11 years (Table B3) only one subtest (CO) had a
salient factor pattern coefficient on the fifth factor rendering
it inadequate, and CO also cross-loaded on VC. Figure
Weights had a salient factor pattern coefficient on WM and
PS had no salient loading on any factor. For ages 12 to 13
years (see online supplemental Table B4), four subtests (IN,
BD, VP, AR) had salient factor pattern coefficients on the
fifth factor, but all four also cross-loaded on other factors
more aligned with their theoretical dimensions. Furthermore,
the fifth factor was composed of subtests spanning three
different theoretical dimensions so made no sense. For ages
14 to 16 years (see online supplemental Table BS), only one
subtest (PS) had a salient factor pattern coefficient on the
fifth factor rendering it inadequate. MR had no salient fac-
tor pattern coefficient on any factor.

Exploratory and Hierarchical Analyses

Ages 6 to 7 Years First-Order EFA. Table C1 (Appendix C in
online supplemental materials) presents results of four fac-
tor extraction with promax rotation for 6- to 7-year-olds.
The general intelligence factor loadings ranged from .290 to
/775 and all were between the fair to good range (except
FW, CD, and CA). PS and CA failed to exhibit salient fac-
tor pattern coefficients on any group factor. Table C1 illus-
trates robust alignment of VC, PR, PS, and WM subtests
with theoretically consistent subtest associations. There
were no subtests with salient cross-loadings. The moderate
to high factor correlations presented in Table C1 imply a
higher-order or hierarchical structure that required explica-
tion and the SL procedure was applied to better understand
variance apportionment among general and group factors.
Table C2 (online supplemental materials) presents results
from three- and two-factor extractions; neither appeared
theoretically viable.

Ages 6 to 7 Years SL Analyses: Four Group Factors. Results for
the SL procedure of the higher-order factor analysis with
four group factors are presented in Table 1. All subtests
were properly associated (higher residual variance) with
their theoretically proposed factor after removing general
intelligence factor variance, except PS which had a higher
residual loading and variance with PR. The general factor
accounted for 66.4% of the common variance and accounted
for individual subtest variability ranging 6.6% and 50.1%.
Among group factors, VC accounted for an additional
11.3% of the common variance, PR for an additional 8.4%
of the common variance, PS for an additional 9.6% of the
common variance, and WM for an additional 4.3% of the



‘SUOIIB|2JJ0D PIBUIWEIUOOUN JO JUIId = DNd BP0 AjIqedljdad 19naIsuod = H (s103oe4 dnoun)) sjedsqns [eaiydJesdiy-eSow = “Ho ‘(Jo3de4 [eusuan)) [ediydJesaly
-e8owQ = Mo tssauanbiun = ,n tAeunwwod = Ly paure|dxs ddUBLIEA = .S L1030%) UO 3593GNs 4O BuIpeo| = g *(10Ioey PaUSISSE A|[BD139409Y3 B3 0 UeY J9S.1e| SeM  SUIPEOJ-SSO.ID 249YM) 10308)
9JBUJI[E UE UIIM PIIBIDOSSE SIIBLWIISD SDUBLIBA PUE SIUSIDIY0D sa3edipul 2dA1 dijel| “40310ey pasodo.d A|jed119103y3 3y YIM JUIISISUOD SIIBLIISD DUELIBA PUE SIUSIDIYR0D saiedipul 9dA1 pjog a10N

008’ oNnd
0LT Slg [444 (X4 68 H
6€l’ S09° 80¢” 8¥¢&” 68 ® dAlEIRY
601" 8LE 424 L6T i oMo
¥8L ¥y 98L ¥S8 €16 ©
1340} 960° ¥80° el 99 adUBLIEA UOWWOD) paule|dxy
¥09 96V 120 VA4 [440) 950 oge ddUBLIBA [B10|
€Ly L’ €00 ¥S0'- 90" SIT 110 €0lr” 00 wo 990° 9sT uong|j@aue)
69¢ 1€9° 800 £80'- [4:1% 819’ £00° 980° €00° 890’ 0€T 08¥’ Yaeas [oquuiAg
999" 444 ¥10° 8ll’ £:14 €es’ 600° €60'- 00’ 6¥0'- qel’ £L9¢€ 8uipod
(44 8¥S’ ol 61¢ 000° 910 €00° 050"~ 920’ oI LY 99 Bupuanbag JaquinN—191197
[4VA 88T 600° 560° ¥00° 090 610 6&1l” 600 ¥60° LT L6V’ uedg aun1dlg
yee 999 SLI” 81y 100° €€0- 800° 880° €00’ 0S0"- 08’ €69 uedg 2u31Qq
1434 999’ S€0° L8I1" 910 T4 610° 6€l’ 110 ol 98Y’ L69 dhn_WILY
LSL 1344 L00° €80 (x40} oS- 90" SIT ¥00° £90° ol 0¥ SIYSIDAA dandy
9EY’ ¥95° 110 ol 000 910°- LEI" 0LE 000° 900"~ 9I¥ vy’ Bujuoseay Xely
ore 069 £00° €80°- 100° 9¢€0° 08T’ (14D 000° L10 44 vey’ $3JZZnd [ensIA
94 49 €00° €50° Sl0 44 s9I° 90¥° olo 660"- €9¢ ¥6S udisa( >0|g
9ts 1744 000° 900- €10 S £00° €80"- 961" 1344 8ST 809" uoisuaya.dwo)
9s¢ 42 010 or S00° 0L0° 00’ 144 T4 0 pse 109 80, uonew.Io|
vee 999 100° 1€0°- 000° 00— 100° S€0°- ole LSS’ 1415 969 Asgnqesop
e 889’ 000° €00° 120° Pl (40} 1448 90T’ 1414 l44 €99’ SanLE|IWIS
o M S q S q S q ) q ) q 35319NS 4 A-DSIM
Asowa}y SUDIOAA 4 paadg Buissado.d g4 3ujuoseay uoisuayaadwor [eJouany

jemadaduay 174 [eqQJ3A 114

'S103084 J9PJIQ-1S4l4 INOH YIM ([9PO]4 403284 ISPIQ-JaySIH UBWIST—PIWYIS € 03 3UlpJoddy
(10T = u) sp|O-Iea -/ 03 -9 3|dwies uonezZIpepuel§ 3Y3 40} (4, A-DSIAA) UOIIPT YIji4—UaJp|iyD) 10} 3[edS 30UaSI||93U] J3|SYIDAA YU SY3 Ul SDUBLIBA JO $924N0S °| 3|qel

1122



Lecerf and Canivez

1123

common variance. The general and group factors combined
measured 49.6% of the variance in WISC-V® scores.

Table 1 also presents my and ®,, that were estimated
based on the SL results. The o, coefficient for general intel-
ligence factor (.814) was high and sufficient for scale inter-
pretation; but, the o, coefficients for the four group factors
(VC, WM, PR, PS) were considerably lower (.109-.378).
For the four group factors, unit-weighted composite scores
based on these indicators would likely possess too little true
score variance for clinical interpretation for the 6- to 7-year-
old age group. The H coefficient for the general factor indi-
cated the general factor was well defined by the 15 subtest
scores, but the group factors were not adequately defined by
their subtest scores (Hs < .70).

Ages 8 to 9 Years First-Order EFA. Table C3 (online supple-
mental materials) presents results of four factor extraction
with promax rotation for 8- to 9-year-olds. The general
intelligence factor loadings ranged from .206 to .745 and all
were between the fair to good range (except CD, SS, and
CA). All subtests exhibited salient factor pattern coeffi-
cients on a single group factor demonstrating simple struc-
ture. Table C3 illustrates robust subtest alignment of VC,
PR, PS, and WM subtests with theoretically consistent sub-
test associations, except Arithmetic, which saliently loaded
on PR. There were no subtests with salient cross—loadings.
The moderate to high factor correlations presented in Table
C3 imply a higher-order or hierarchical structure that
required explication and the SL procedure was applied.

Table C4 (online supplemental materials) presents results
from three- and two-factor extractions. In attempting to
extract three factors, a Heywood case was observed. Neither
the two factor nor the three factor model appeared viable due
to merging of potentially meaningful constructs.

Ages 8-9 Years SL Analyses: Four Group Factors. Results for
the SL procedure of the higher—order factor analysis with
four group factors are presented in Table 2. All subtests
were properly associated with their theoretically proposed
factor after removing the general factor variance, except
Arithmetic, which had a higher residual loading and vari-
ance with PR. The general factor accounted for 66.0% of
the common variance and accounted for between 3.0% and
47.3% of individual subtest variability. Among the group
factors, PR accounted for an additional 6.9% of the com-
mon variance, VC for an additional 10.2% of the common
variance, WM for an additional 5.3% of the common vari-
ance, and PS accounted for an additional 11.6% of the com-
mon variance. The general and group factors combined to
measure 51.2% of the variance in WISC-V® scores.

Table 2 also presents my and m,, that were estimated
based on the SL results. The oy, coefficient for general intel-
ligence was high and sufficient for scale interpretation; but,
the wyq coefficients for the four group factors (PR, VC,

WM, PS) were considerably lower (.135-.489). For com-
parison, Arithmetic was placed in the PR factor to examine
effects on o, and o, estimates. Table 3 shows minor
changes in estimates with decreases in o, (g) and w4 (PR),
but an increase in ;g for WM. Thus, for the four group
factors, unit-weighted composite scores based on these
indicators would likely possess too little true score variance
for clinical interpretation for the 8- to 9-year-old age group.
The H coefficient for the general factor indicated the gen-
eral factor was well defined by the 15 subtest scores, but the
group factors were not adequately defined by their subtest
scores (Hs < .70).

Ages 10 to || Years First-Order EFA. Table CS (online sup-
plemental materials) presents results of four factor extrac-
tion with promax rotation for 10- to 11-year-olds. The
general intelligence factor loadings ranged from .324 to
766 and all were between the fair to good range (except SS
and CA). All subtests exhibited salient factor pattern coef-
ficients on a single group factor demonstrating simple
structure (no cross-loadings). Table C5 illustrates robust
subtest alignment for Factor 2 (VC) and Factor 3 (PS). Fac-
tor 1 included the two purported FR subtests (MR, FW)
and four WM (AR, DS, PS, LN) subtests. Factor 4 included
the two purported VS subtests. The moderate to high factor
correlations presented in Table C5 imply a higher order or
hierarchical structure that required explication and the SL
procedure was applied.

Table C6 (online supplemental materials) presents
results from three and two factor extractions. When three
factors were extracted a simple structure emerged. Factor 1
included all PR and WM subtests, while Factor 2 (VC)
included the four VC subtests and Factor 3 (PS) included all
three PS subtests. When only two factors were extracted
Factor 1 contained all VC, PR, and WM subtests, while
Factor 2 contained the PS subtests.

Ages 10 to || Years SL Analyses: Four Group Factors. Results
for the SL orthogonalization of the higher-order factor anal-
ysis with four group factors are presented in Table 3. All
subtests were properly associated with the first-order factor
extraction after removing general intelligence factor vari-
ance. The general factor accounted for 69.2% of the com-
mon variance and accounted for between 7.6% and 53.7%
of individual subtest variability. Among the group factors,
FR/WM accounted for an additional 5.6% of the common
variance, VC for an additional 8.5% of the common vari-
ance, PS for an additional 11.6% of the common variance,
and VS accounted for an additional 5.1% of the common
variance. The general and group factors combined to mea-
sure 53.5% of the variance in WISC-VR scores.

Table 3 also presents ®, and m,q that were estimated
based on the SL results. The oy, coefficient for general intel-
ligence was high and sufficient for scale interpretation; but,
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Assessment 29(6)

the w4 coefficients for the four group factors (FR/WM,
VC, PS, VS) were considerably lower (.114-.480). For con-
trast, Table C7 (online supplemental materials) presents sta-
tistics when subtests were assigned to traditional Wechsler
factors. When MR and FW were assigned to PR, the o
estimate for WM decreased slightly, while the o4 estimate
for PR increased slightly. Thus, for the four group factors,
unit-weighted composite scores based on these indicators
would likely possess too little true score variance for clini-
cal interpretation for the 10- to 11-year-old age group,
regardless of which factor MR and FW were assigned. The
H coefficient for the general factor indicated the general
factor was well defined by the 15 subtest scores, but the
group factors were not adequately defined by their subtest
scores (Hs < .70).

Ages 12 to |3 Years First-Order EFA. Table C8 (online sup-
plemental materials) presents results of four factor extrac-
tion with promax rotation for 12-13 year-olds. There were
no salient subtest factor pattern coefficients on the fourth
factor rendering it inadequate. Table C9 (online supplemen-
tal materials) presents results from three and two factor
extractions. In the three factor extraction, the general intel-
ligence factor loadings ranged from .315 to .776 and all
were between the fair to good range (except CD, SS, and
CA). When three factors were extracted all factors con-
tained salient subtest factor pattern coefficients, but simple
structure was not achieved. DS and LN cross-loaded on
Factor 1 (VC) and Factor 2 (PR/WM). Factor 1 included the
four VC subtests and also DS and LN. Factor 2 included all
PR subtests (BD, VP, MR, FW) and WM subtests (AR, DS,
PS, LN). Factor 3 (PS) included all three PS subtests (CD,
SS, CA). When only two factors were extracted, Factor 1
contained all VC, PR, and WM subtests, while Factor 2
contained the PS subtests. BD cross-loaded on both factors.
The moderate to high factor correlations presented in Table
C9 imply a higher-order or hierarchical structure that
required explication and the SL procedure was applied.

Ages 12 to |3 Years SL Analyses: Three Group Factors. Results
for the SL orthogonalization of the higher-order factor anal-
ysis with three group factors are presented in Table 4. In
attempting to conduct second-order EFA, a Heywood case
was noted so the Gorsuch method of limiting iterations to
two was applied. All subtests were properly associated
(higher residual variance) with the first-order factor extrac-
tion after removing general intelligence factor variance
except DS and LN which had higher residual variance with
Factor 1 (VC). The general factor accounted for 64.0% of
the common variance and accounted for between 8.6% and
53.4% of individual subtest variability. At the first-order
level, VC accounted for an additional 12.6% of the common
variance, PR/WM for an additional 9.1% of the common
variance, and PS accounted for an additional 14.3% of the

common variance. The general and group factors combined
to measure 51.5% of the variance in WISC-V® scores.

Table 4 also presents my and . that were estimated
based on the SL results. The oy, coefficient for general intel-
ligence was high and sufficient for scale interpretation; but,
the wyq coefficients for the four group factors (VC, PR/
WM, PS) were considerably lower (.154-.550). For com-
parison, DS and LN subtests were placed in the VC factor to
examine effects on wy and w4 estimates. Table 4 shows
minor changes in estimates with small decreases in oy
(general factor) and myq (VC) but a slight increase in o
for PR/WM. Thus, for the three group factors, unit-weighted
composite scores based on these indicators would likely
possess too little true score variance for clinical interpreta-
tion for the 12- to 13-year-old age group with the possible
exception of PS. The H coefficient for the general factor
indicated the general factor was well defined by the subtests
scores but the group factors were not adequately defined by
their subtest scores (Hs < .70).

Ages 14 to 16 Years First-Order EFA: Four Factor Extraction.
Table C10 (online supplemental materials) presents results
of four factor extraction with promax rotation. The general
intelligence factor loadings ranged from .489 to .749 and all
were within the fair to good range (except CA). All subtests
exhibited salient factor pattern coefficients on a single
group factor except MR and PS which cross-loaded on two
factors so simple structure was not attained. Table C10
illustrates robust subtest alignment for Factor 1: VC; Factor
2: WM, Factor 3: PS; and Factor 4: PR (BD, VP, MR, FW).
MR cross-loaded on Factor 2 and PS cross-loaded on Factor
4. The moderate to high factor correlations presented in
Table C10 imply a higher order or hierarchical structure that
required explication and the SL procedure was applied to
better understand variance apportionment among general
and group factors. Table C11 (online supplemental materi-
als) presents results from three and two factor extractions.

Ages 14 to 16 Years SL Analyses: Four Group Factors. Results
for the SL procedure of the higher-order factor analysis with
four group factors are presented in Table 5. All subtests were
properly associated (higher residual variance) with their
theoretically proposed factor after removing general intelli-
gence factor variance. The general factor accounted for
67.6% of the common variance and accounted for between
22.4% and 51.1% of individual subtest variability. Among
the group factors, VC accounted for an additional 12.8% of
the common variance, WM for an additional 5.6% of the
common variance, PS for an additional 9.4% of the common
variance, and PR accounted for an additional 4.7% of the
common variance. The general and group factors combined
to measure 54.8% of the variance in WISC-VR scores.
Also presented in Table 5 are wy and o4 coefficients
that were estimated based on the SL results. The
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coefficient for general intelligence was high and sufficient
for scale interpretation; however, the o, coefficients for
the four group factors (VC, WM, PS, PR) were consider-
ably lower (.126-.397). Thus, for the four group factors
unit-weighted composite scores based on these indicators
would likely possess too little true score variance for clini-
cal interpretation for the 14- to 16-year-old age group. The
H coefficient for the general factor indicated the general
factor was well defined by the 15 subtest scores, but the
group factors were not adequately defined by their subtest
scores (Hs < .70).

Discussion

Despite several changes (subtests, composite scores), the
publisher determined the internal validity of the WISC-V®R
exclusively on the basis of CFAs and favored a model with
one second-order general factor and five first-order factors
(VC, FR, VS, WM, PS). The WISC-VR publisher reported
that this factorial structure was also appropriate for the five
age group samples (6-7, 8-9, 10-11, 12-13, 14-16 years).
However, several concerns regarding the WISC-V factor
structure based on the CFAs also apply to the WISC-VR
(Beaujean, 2016; Canivez & Watkins, 2016).

Consistent with Lecerf and Canivez (2018), who exam-
ined the factorial structure of the WISC-VR total standard-
ization sample, the present data did not support a five-factor
structure within any of the five WISC-VFR age groups
(online supplemental materials: Figures A1-AS, Tables Bl
to B5, C1, C3, C5, C8, C10). EFA with forced extraction of
five-factors indicated that either only one subtest had a
salient factor pattern loading on the fifth factor (ages 8-9,
10-11, 14-16 years) or that subtests with salient factor pat-
tern coefficients were not theoretically related (ages 6-7,
12-13 years).

For ages 6-7, 8-9, and 14-16 years, a four-factor struc-
ture similar to the WISC-IV was suggested. Results indi-
cated that the VC subtests (SI, VO, IN, CO), the PR subtests
(BD, VP, MR, FW), the PS subtests (CD, SS) and the WM
subtests (AR, DS, LN) were associated with their “respec-
tive” attributes. For ages 10 to 11 years, results also sug-
gested a four-factor structure. However, although the VC,
PS, and VS subtests were associated with their respective
attributes, a mixed FR/WM factor was observed (MR, FW,
AR, DS, PS, LN). For ages 12 to 13 years, results suggested
a three-factor structure with the VC subtests with DS and
LN, the PS subtests, and a mixed PR/WM subtests (BD, VP,
MR, FW, AR, DS, PS, LN).

Neither the five- nor four-factor models showed evi-
dence for the distinction between VS and FR factors. There
was no separation of Block Design and Visual Puzzles into
a VS factor (VS) and MR and Figure Weights into a FR fac-
tor (FR). These four subtests combined into the former PR
factor specified in earlier Wechsler scales. This finding

indicated that the separation of FR and VS was unsuccess-
ful in the WISC-VTR, Separate FR and VS factors were also
not supported in the U.S. WISC-V (Canivez, Dombrowski,
et al., 2018; Canivez et al., 2016), nor in the WISC-VYX or
the German WISC-V (Canivez et al., 2019; Canivez et al.,
2020). Therefore, separate Visual-Spatial Index (VSI) and
Fluid Reasoning Index (FRI) scores are likely misleading.
If separate VSI and FRI scores are important, it is necessary
to develop tasks which clearly separate the visual-spatial
and the FR components. This does not reject the theoretical
distinction between FR and VS, but such distinction is not
provided by the WISC-VR,

The Schmid and Leiman (1957) procedure (SL) applied
to the four-factor EFA (or three-factor EFA with ages 12-13
years), and the examination of w, and wyq coefficients,
indicated that the general factor accounted for the largest
portion of WISC-VFR variance. The common variance
explained by the general factor ranged from 66.0% to 69.2%
in the WISC-V*®, while Omega hierarchical (o) ranged
from .785 to .839. For four of the five age groups, o, was
higher than .80, suggesting that the total scores can be con-
sidered essentially unidimensional. Such unidimensionality
was also supported by H indexes, which ranged from .892
to .907 for general intelligence factor, while all group fac-
tors had H indexes below the .70 criterion (Rodriguez et al.,
2016). This finding was consistent with results obtained
with most of the different cultural versions of the WISC-V
(Canivez, Dombrowski, et al., 2018; Canivez, McGill,
et al., 2018; Canivez et al., 2019; Canivez et al., 2020;
Dombrowski, McGill, et al., 2018; Dombrowski et al.,
2019; Fenollar-Cortés & Watkins, 2019; Watkins et al.,
2018), and with other intelligence test batteries (Canivez,
2011; Canivez & Watkins, 2010; Dombrowski et al., 2009;
Golay & Lecerf, 2011). This does not mean that the general
intelligence factor corresponds to a single psychological
attribute. The general factor may be a formative variable
rather than a reflective variable, as suggested by Kan et al.
(2019).

Omega hierarchical subscale coefficients (o) were low
and ranged from .109 (WM, age 6-7 years) to .550 (PS, age
12-13 years). Thus, with some exception for the CD, SS,
and CA subtest scores, most common subtests variance was
associated with the general factor rather than with their
respective first-order factors. w,,¢ ranged from .237 to .397
for the VC factor, from .126 to .242 for the PR factor, from
.109 to .157 for the WM factor, and from .364 to .550 for the
PS factor. Overall, these w,, coefficients were below the
minimum threshold of .50 for reliable clinical interpretation
(Reise et al., 2013). This finding suggested that clinicians
should interpret with caution the five indices, if at all,
because the unique contributions of the broad abilities were
quite limited.

This finding supports a theoretical perspective more
consistent with Carroll’s three-stratum model than with the
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Cattell-Horn extended Gf-Gc¢ model. Indeed, while Horn
excluded the general factor and considered it as a statistical
artifact, Carroll demonstrated the importance of this factor.
Likewise, Carroll suggested that subtest scores are explained
first by the general factor, then by one or more broad ability,
then by one or more narrow ability, and finally by unique
variance. Although several broad abilities exist indepen-
dently of the general factor, it appears that they are difficult
to measure with appropriate level of precision. That is one
reason why Canivez and Youngstrom (2019) suggested for
the annulment of the arranged but unhappy marriage
between Cattell-Horn’s and Carroll’s models suggested by
the so-called CHC theory.

The Arithmetic subtest score was moved from WM in
the previous WISC-IV to the FR factor in the WISC-V.
However, EFA indicated that the AR score was more associ-
ated with WM for age groups 6 to 7 years and 14 to 16
years, while AR was associated with PR factor for age
group 8 to 9 years, and with a mixture PR/WM factor for
age groups 10 to 11 and 12 to 13 years. Contrary to the CFA
reported in the WISC-V™R [nterpretive Manual, AR was
never associated with VC.

The current study examined the influence of age and the
age differentiation hypothesis on the structure of the WISC-
VR by examining the number of factors retained for each
age group and the percentage of variance accounted for by
the general factor. According to the age differentiation
hypothesis, it has been suggested that cognitive abilities
tend to become more differentiated with increasing age and
that the percentage of variance accounted for by the general
factor decreased with age. Overall, our findings were not
consistent with this hypothesis. We observed the same num-
ber of factors (four) for young children (6-7 and 8-9 years)
and for adolescents (14-16 years). For ages 10 to 11 years,
four factors were also found, although not exactly the same
four factors; only VC and PS were observed with these four
age groups. For ages 12 to 13 years, only three factors were
found, rejecting the hypothesis that cognitive abilities tend
to become more differentiated with increasing age, as
reflected by the WISC-VFR,

Concerning the percentage of variance accounted for by
the general factor, it varied from 78.5% for ages 12 to 13
years to 83.9% for ages 10 to 11 years. For adolescents (14-
16 years), the percentage of variance accounted for by the
general factor was slightly higher than for younger chil-
dren, in opposition with the age differentiation hypothesis.
The correlations between Ge (VCI) and Gf (FRI/PRI) were
also relatively similar across age and varied from .617 (14-
16 years) to .740 (10-11 years). For 6 to 7 years, this corre-
lation was .635, while it was .617 for the 14 to 16 years.
Finally, the correlation between general factor and Gf was
perfect for all age samples. Thus, these findings did not sup-
port the age differentiation hypothesis.

In summary, the present study indicated there was no
EFA evidence to support a five-factor structure within any
of the five WISC-VR age groups. Results were more con-
sistent with a four first-order factors model. Taken together,
results suggested robust VC, WM, and PS factors for all age
groups. SI, VO, IN, and CO estimate VC, whatever the age.
DS and LN might be considered as appropriate indicators of
WM, while it was not the case for the PS score. This finding
suggested that the WISC-V™® publisher failed to construct
an adequate VS working memory subtest. CD and SS might
be considered as indicators of PS, while CA was not consis-
tently associated with these two subtests. The results of the
present study indicated that the WISC-V™R is overfactored
when including five first-order factors, and that the higher-
order model preferred by the WISC-VFR publisher incor-
rectly concluded that the broad abilities provide useful
information distinct from the general factor of intelligence.
By reporting only higher-order models, the WISC-VFR pub-
lisher overestimates the role of broad and specific abilities
in subtest scores. This overfactoring could be due to the
general factor’s variance omission, and/or due to failing to
consider use of EFA to inform latent structure and forcing
their preconceived five-factor model. In contrast, the pres-
ent results indicated that the WISC-VR is primarily a mea-
sure of a general factor, because it accounts for substantially
larger portions common and total subtest variance and sup-
ports the primary interpretation of the FSIQ. Although the
FSIQ is not strictly equivalent to the general factor, the
FSIQ is a good estimator of this general factor. Given the
overwhelming dominance of the general factor, the present
results indicated that interpretation of first-order factors is
quite limited and problematic given the conflation of gen-
eral and group factor variance in index scores.

Limitations

In the present investigation, EFAs were conducted on the
basis of the correlation matrices provided for the five age
groups in the WISC-V™R Interpretive Manual. Although the
correlations reported rounded to two decimals, the similarity
of our data with those reported in the WISC-V™R Interpretive
Manual should not lead to rejecting these findings.

EFAs cannot by themselves fully determine construct
validity of the WISC-VR so studies of relations with exter-
nal criteria are needed, such as incremental predictive valid-
ity (Canivez et al., 2014). Such a study could help determine
if reliable achievement variance is incrementally accounted
for by the WISC-V® factor index scores beyond that
accounted for by the FSIQ. Diagnostic utility studies should
also be examined to determine if differential patterns of
WISC-VR factor index scores correctly identify individu-
als of differing clinical disorders (Canivez, 2013). However,
given the small portions of true score variance uniquely
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contributed by the WISC-VFR group factors, it is inconceiv-
able that they would provide substantial value. Furthermore,
these results also pertain to the standardization normative
sample and may not generalize to clinical populations or
independent samples of nonclinical groups.

Since many changes were introduced in the WISC-V,
we examined the factor structure of the WISC-V™® across
the five age groups by conducting EFA and SL as a first
step. The second step should be to examine age-related
invariance using MGCFA to verify whether the subtests
scores measured the same psychological constructs across
age. It would be important to determine whether con-
structs are measured equivalently across the age, because
the publisher did not provide any evidence about measure-
ment invariance.

Based on the present results, the age differentiation
hypothesis was not supported, as there was no evidence for
age-related differences—either on the number of factors—
or on the percentage of variance accounted for by the gen-
eral factor. It would be preferable to test this hypothesis
with age-related invariance of the WISC-V, but since our
data were cross-sectional correlation matrices, we would be
unable to assess longitudinal changes. Furthermore, because
we used the correlation matrices for each age group reported
in the WISC-VR Interpretive Manual, we would be unable
to use age as a continuous variable and to use MFA
(Molenaar et al., 2010) or a Local Structural Equation mod-
els (Hildebrandt et al., 2016). Therefore, our conclusion
about the age differentiation hypothesis should be taken
with caution. Finally, as suggested by Breit et al. (2020),
investigating age differentiation effect without taking into
account ability-differentiation cannot appropriately exam-
ine the changes in the intelligence structure.

Conclusion

From a practical point of view, the present findings have
several important implications for the interpretation of the
WISC-VR subtests and the factor index scores across age.
The higher-order model preferred by the publisher is not
adequate across the five age groups, which could be quite
problematic from a clinical point of view and may lead to
errors in interpreting the scores. Practitioners must be aware
that they are taking some risks when interpreting factor
index scores because EFA did not support the separation of
VS and FR factors in any of the five age groups. Furthermore,
the present data suggested that the current working memory
index was not appropriate, because PS was not associated
with DS and LN. It is recommended that Letter—Number
Sequencing be administered and to use the auditory work-
ing memory index as an indicator of the WM capacity. The
present results suggested that primary interpretation of the
WISC-VTR should focus on the FSIQ, because the general
intelligence factor accounts for the largest amount of the

common variance. Factor index scores conflate general fac-
tor variance and unique group factor variance, which cannot
be disentangled for individuals. The factor index scores
cannot be considered to reflect only broad ability measure-
ment; they include a strong contribution of the general intel-
ligence factor.
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