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Children with specific learning disabilities (SLDs) are characterized by a poor academic achievement despite an
average intelligence. They are therefore typically assessed not only with achievement tests, but also with intelli-
gence tests, usually the Wechsler Intelligence Scale for Children (WISC). The assumption of a discrepancy be-
tween IQ and achievement in children with SLD has been questioned, however, and the implications of using
different measures in batteries of intellectual subtests have not been thoroughly investigated. The present
study examined these issues, taking advantage of a large database of scores obtained in the ten core subtests
of the WISC-IV by a group of 910 Italian children with a clinical diagnosis of SLD, who were compared with the
children considered for national standardization purposes. Our results support the doubts raised concerning
the IQ-achievement discrepancy model, showing that relevant discrepancies can emerge even within the WISC
profile. The four main WISC-IV indexes were found differently related to intelligence (measured by means of
the g-factor) and the g content of many subtests differed in children with SLD vis-à-vis typically-developing chil-
dren. These results have important implications both theoretical, indicating that the g-factor is weakly identified
in children with SLD children, and practical, indicating that the QI obtained with theWISC-IV may not be a good
measure of intellectual functioning for children with SLD, which are discussed.

© 2015 Elsevier Inc. All rights reserved.
Intelligence is one of the most important and most often assessed
constructs in psychology (Gottfredson, 1997a). It has been demonstrat-
ed, for instance, that intelligence tests such as the WISC, the WAIS and
the Raven progressive matrices are among the psychological tests
most commonly used in Europe, taking first, second and fourth places,
respectively (Evers et al., 2012). This may be due to the importance of
intelligence, which is also confirmed by the fact that intelligence can
predict important academic and occupational outcomes, and perfor-
mance in everyday life (e.g., Deary, Strand, Smith, & Fernandes, 2007;
Gottfredson, 1997b; Schmidt & Hunter, 2004).

The WISC, and particularly the WISC-IV (Wechsler, 2003), which is
the latest version to become available in many countries, is one of
most often used psychological tests. The popularity of the WISC-IV is
probably due to the fact that it is relatively quick to administer and it
measures important cognitive factors of relevance to the assessment
of both typical populations and clinical groups (Prifitera, Saklofske, &
Weiss, 2008). The WISC-IV, as presented in the test manuals, is struc-
tured around four factors, considered among the main basic factors un-
derlying intelligence: i) the verbal comprehension index, which
measures verbal abilities such as comprehension and verbal reasoning;
ii) the perceptual reasoning index, which measures abilities such as
chology, University of Padova,
abstract problem solving and the non-verbalmanipulation of materials;
iii) the working memory index, which measures the capacity of
retaining and manipulating verbal material for a short period of time;
and iv) the processing speed index, which measures the ability to re-
spond promptly and focus attention on a task. These four factors have
been amply studied and are supported both statistically and clinically
(Wechsler, 2004).

Alternative factorial structures of the WISC-IV have also been pro-
posed, however, drawing from different theories of intelligence. In the
light of the CHC (Cattell, Horn and Carroll) theory of intelligence, for ex-
ample, it has been argued that a five-factor structure is plausible in the
WISC-IV (Keith, Fine, Taub, Reynolds, & Kranzler, 2006), which would
include the four factors of the classical WISC-IV, but also distinguish be-
tween a fluid and a visual factor. This five-factor structure has been
questioned for at least two reasons: i) the model fit is not very different
from that of the classical structure, implying that the five-factor struc-
ture is not necessarily superior; and ii) the model has a perfect loading
of the fluid reasoning factor on the general factor (g), whichmakes one
of the two factors redundant (see Styck & Watkins, 2014). In addition,
only the ten core subtests are administered in many settings (including
the clinical one), as this is what is typically prescribed to estimate a
child's full-scale intelligence quotient (FSIQ), and only having data
available on ten subtests makes it impossible to refer to the five-factor
structure of the WISC-IV. Discussions on these issues have been further
complicated by the hypothesis that the structure of intelligence may
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differ in children with an atypical development, e.g., in children with
specific learning disabilities (SLDs) (see for a discussion Styck &
Watkins, 2014).

The debate concerning the structure of intelligence and its assess-
ment with the WISC scale has strong implications for children with
SLD, who are characterized by impairments in academic domains
(e.g., reading or math), despite a good or normal IQ. In fact, IQ has tradi-
tionally been assessed in children with SLD in order to identify this dis-
crepancy between intelligence and academic achievement (Fuchs &
Fuchs, 2006). This approach has also been preserved in recent research
not founded on the concept of discrepancywith a view to ruling out any
intellectual disability that might explain SLD children's weaknesses in
the academic domain (DSM-5; American Psychiatric Association, 2013).

Inmany countries, theWISC is themost popular test for assessing in-
telligence in children, especially in cases of SLD. The test, and theWISC-
IV version in particular, not only affords ameasure of general IQ, but also
enables us to investigate different aspects of the performance of chil-
dren with SLD. To give an example, recent studies using the ten core
subtests and the classical four-factor structure found the performance
of children with SLD strongly impaired in the Working Memory and,
to a lesser extent, in the Processing Speed, but not in the Perceptual Rea-
soning or Verbal Comprehension indexes (Cornoldi, Giofrè, Orsini, &
Pezzuti, 2014; De Clercq-Quaegebeur et al., 2010; Poletti, 2014). Such
evidence suggests that the intelligence of children with SLD may be or-
ganized differently from that of typically-developing children, especial-
ly as regards the role of working memory (WM) and processing speed
(PS).

Workingmemory and intelligence (asmeasured by the g-factor) are
very closely correlated in typically-developing children, although they
are separate constructs (Cornoldi & Giofrè, 2014; Cornoldi, Orsini,
Cianci, Giofrè, & Pezzuti, 2013; Demetriou et al., 2014; Giofrè,
Mammarella, & Cornoldi, 2013). The fact that children with SLD may
be of normal intelligence but impaired in theirWMthus raises problems
particularly for theories based on the assumption that WM and g are
hardly distinguishable and almost isomorphic (e.g., Martínez et al.,
2011). The fact that PS seems to be impaired in children with SLD also
contrasts with some theories of intelligence that hypothesize a funda-
mental role for processing speed in explaining intelligence, based on a
large body of literature showing a relationship between intelligence
and processing speed (for a review see Jensen, 2006) — though it has
also been claimed that this relationship is not very strong (Hunt, 1980,
2011). In fact, the g-content ofmany processing speed tasks is relatively
small, making it very hard to claim that differences in processing speed
equate to differences in intelligence level.

Differences in WM, and especially in the processing speed, between
normal and SLD groups therefore do not necessarily imply differences in
the g-factor, and including them in a measure of intelligence can pose
problems. In addition, impairments in cognitive processing abilities
(which include both WM and processing speed) are often indicated as
the core deficits in children with SLD (see Johnson, Humphrey,
Mellard, Woods, & Swanson, 2010), so impairments in processing
speedmay share a common causewith impairments inWM, and be un-
related to differences in intelligence.

Finally, although research provides onlyweak evidence of a deficit in
the domain measured by the Verbal Comprehension Index in children
with SLD, it is noteworthy that these children often have difficulties in
the verbal domain. For example,many childrenwith SLDhad previously
been diagnosed with an early language problem (American Psychiatric
Association, 2013), and theymay reveal verbal impairments in tasks as-
sociated with intellectual functioning. They often have trouble not only
with word recognition and spelling, but also in reading comprehension
(e.g., Swanson & Ashbaker, 2000). Hence it can also hypothesized that
weaknesses in the Verbal Comprehension Index do not necessarily coin-
cide with weaknesses in g (and therefore in intelligence).

To sum up, using a classical intelligence test like the WISC and as-
suming the generalizability of the theories of intelligence underlying
such test may prove problematic in the case of children with SLD, and
the matter warrants more in-depth investigation. In the present study
we examined these issues by taking advantage of the availability of
WISC-IV measures obtained for a large sample of children with SLD.

The first aim of the present study was to test whether children with
SLD are impaired in the WISC-IV, and in which particular tasks/factors.
In a first set of analyses, we expected tofind that childrenwith a diagno-
sis of SLD have specific deficits in some intellectual measures. In partic-
ular, we tried to confirm previous findings of moderate-to-severe
impairments of children with SLD in both the Working Memory and
the Processing Speed indexes, but not in the Verbal Comprehension or
in the Processing Speed indexes (Cornoldi et al., 2014; Poletti, 2014).
We therefore expected only small differences between the SLD and con-
trols in theGeneral Ability Index (GAI; Prifitera et al., 2008), which com-
bines the Verbal Comprehension and the Perceptual Reasoning indexes,
but moderate or large differences in the Cognitive Proficiency Index
(CPI; Saklofske, Coalson, Raiford, & Weiss, 2010), which combines the
Working Memory and the Processing Speed indexes.

A second aim of the present study was to identify the best-fitting
model of intelligence for childrenwith SLD. As different models are the-
oretically plausible,we tested in our sample different solutions based on
the WISC-IV looking for further evidence that the classical four-factor
structure is tenable in children with SLD, contrasting it with alternative
factor structures, that have also been associated to WISC, but derive
from classical theories of intelligence, either based on a single factor
(Spearman, 1904; see also Jensen, 1998) or on a verbal/spatial distinc-
tion (Vernon, 1950; see also Johnson & Bouchard, 2005). Having
established the most appropriate solution, we tested whether any of
the tasks revealed cross-loadings on multiple factors due to the specific
characteristics of children with SLD.

A third aim, connected to thefirst two,was to testwhether the struc-
ture of intelligence derived from the WISC-IV is “equivalent” for
typically-developing children and those with SLD. In fact, based on pre-
vious evidence on SLD and on the hypothesis that the four-factor struc-
ture was tenable in our sample, we assumed however that the
relationship on the latent level between the four factors of the WISC-
IV might differ between a group with SLD and a group of typically-
developing children. In particular we hypothesized that the direct link
between g and some of the first-order factors should be lower in SLD
than in typically developing children, and that the indirect effect of g
on the manifest variable (i.e., for the corresponding subtests) was
lower in the SLD group than in the typically-developing children.

In fact, the relationship between the g-factor and the other factors of
the WISC-IV might, in the case of SLD, be weaker in two domains
(i.e., workingmemory, processing speed) andmaybe also in a third do-
main (verbal comprehension), in which case the g-loading of the tasks
used to measure these factors should also be lower in the SLD than in
the typically-developing group. If so, differences emerging in tasks in
the working memory, processing speed and verbal comprehension do-
mains would reflect differences not necessarily in g, but in underlying
factors. Finally, we also examined whether, due to the presence of spe-
cific deficits in the case of SLD, loadings of the tasks on their respective
factors were the same, and whether the correlation between the first-
order factors (i.e., the perceptual reasoning, verbal comprehension,
working memory and processing speed) was weaker in the SLD than
in the typically-developing group.

1. Method

1.1. Participants

Under the auspices of the Italian Association for Learning Disabilities
(AIRIPA), we invited a group of experts to provide data obtained by ad-
ministering theWISC-IV to childrenwith a certified clinical diagnosis of
learning disorder or intellectual disability, based on the ICD-10 Interna-
tional Coding System. A preliminary analysis was conducted when the
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first data arrived, and the results were published (Cornoldi et al., 2014),
but none of the analyses discussed in this paper were the object of said
previous report. The present analysis also concerns more than 600 new
cases not considered in the previous study and excludes cases with a di-
agnosis of intellectual disability. For the present study, we collected in-
formation on 910 children and adolescents between 7 and 16 years of
age who underwent a WISC-IV assessment on the 10 core subtests,
and were diagnosed clinically with SLD (Mage = 10.92 [SD = 2.41];
females = 40%),1,2 Based on the classification of SLD adopted in Italy
(the ICD-10), the sample included: 216 cases of F81.0 (specific reading
disorder); 54 cases of F81.1 (specific spelling disorder); 53 cases of
F81.2 (specific disorder of arithmetical skills); 359 cases of F81.3
(mixed disorder of scholastic skills); 34 cases of F81.8 (other develop-
mental disorders of scholastic skills); 12 cases of F81.9 (developmental
disorder of scholastic skills, unspecified); and 182 children with two or
more of the above diagnoses within the F81 category. These children
and adolescents were compared with a typically-developing sample
whose data were drawn from the Italian WISC-IV manual (Orsini,
Pezzuti, & Picone, 2012).

1.2. Instrument

We used the recently-published Italian adaptation of the WISC-IV
(Orsini et al., 2012) that retains the Full-Scale IQ and the four main in-
dexes, and also includes the two additional indexes (General Ability
and Cognitive Proficiency). Judging from theWISC-IV Italian test manu-
al, the internal consistencies, test–retest and inter-rater stability, and
standard errors of measurement are comparable with those of the
English version (Wechsler, 2003).

For the purposes of the present study, we examined the scores ob-
tained in the 10 core subtests of the WISC-IV, i.e. Block Design (BD),
Similarities (SI), Digit Span (DS), Picture Concepts (PCn), Coding (CD),
Vocabulary (VC), Letter–Number Sequencing (LN), Matrix Reasoning
(MR), Comprehension (CO), and Symbol Search (SS). We calculated
the Full-Scale IQ (FSIQ) from the sum of the ten subtests, and the four
main indexes, i.e.: the Perceptual Reasoning Index, which includes
Block Design, Picture Concepts, and Matrix Reasoning; the Verbal
Comprehension Index, which includes Similarities, Vocabulary, and
Comprehension; the Working Memory Index, which includes Digit
Span and Letter–Number Sequencing; and the Processing Speed Index,
which includes Coding and Symbol Search. We then calculated the
scores for the two additional indexes, i.e.: the General Ability, obtained
from the Verbal Comprehension and the Perceptual Reasoning indexes;
and the Cognitive Proficiency, obtained from theWorkingMemory and
the Processing Speed indexes. Additional information on the subtests,
main indexes and additional indexes is available elsewhere (Flanagan
& Kaufman, 2004; Wechsler, 2004).

1.3. Data analysis plan

The R program (version 3.1.2; R Core Team, 2014) with the “lavaan”
library (version 0.5–17; Rosseel, 2012) was used for the confirmatory
factor analysis (CFA) and multi-group CFA (MG-CFA). Model fit was
assessed using various indexes according to the criteria suggested by
Hu and Bentler (1999).We considered the chi-square (χ2), the compar-
ative fit index (CFI), the non-normed fit index (NNFI), the standardized
root mean square residual (SRMR), and the root mean square error of
approximation (REMSEA); the chi-square difference (Δχ2), and the
Akaike information criterion (AIC) were also used to compare the fit
1 Only children with a clinical diagnosis of SLD and data on their WISC-IV assessment
(on at least 10 core subtests)were considered in this paper. In all, 36 childrenwere exclud-
ed from the analysis for various reasons. In particular, we excluded children with missing
or unreliable data (n=20), under or over theWISC-IV age range (n=4),with an IQ lower
than 65 (n = 8), or neurological disorders (n = 4).

2 Data were unavailable on the gender of 68 children.
of alternativemodels (Kline, 2011). The assumption ofmultivariate nor-
mality and linearity was tested using the PRELIS with the LISREL 8.80
software (Jöreskog & Sörbom, 2002, 2006).

2. Results

2.1. Patterns of performance in children with SLD

Table 1 shows correlations and mean standardized scores obtained
by the SLD group in the WISC-IV subtests, main indexes and additional
indexes. Taking for granted that the standardized mean scores of
typically-developing children are, by definition, 100 (SD = 15) in the
case of the composite measures, and 10 (SD= 3) in the case of specific
subtests, it is immediately obvious that the standardized scores obtain-
ed by the children with SLD were average in the subtests associated
with the General Ability Index and the underlying Verbal Comprehen-
sion and Perceptual Reasoning indexes, but lower than average in the
other subtests.

Univariate skewness and kurtosis values were under 1.0. The mea-
sure of multivariate kurtosis was 1.05, which is considered relatively
small, so the estimation method that we chose (maximum likelihood)
is robust against several types of violation of themultivariate normality
assumption (Bollen, 1989).

2.2. WISC-IV structure of cognitive abilities in children with SLD

We ran a series of CFA in the SLD group, comparing differentmodels.
Model 1 investigated a single g-factor; it provided a poor fit with the

data (Table 2). Model 2 investigated two distinct verbal (measured by
Vocabulary, Similarities, Comprehension, Digit Span, and Letter–Number
Sequencing) and non-verbal factors (measured by Block Design, Picture
Concepts, Matrix Reasoning, Coding, and Symbol Search) and provided a
poor fit with the data (Table 2).

Model 3 investigated the classical four-factor structure of theWISC-
IV (four-factor model; Fig. 1); it provided a good fit with the data
(Table 2). The correlation between the factors was only moderate
(M = .366; Md = .391). The residual correlation between Picture Con-
cepts and Similarities was high (.11) (Kline, 2011), however, so we
attempted to improve the model fit in subsequent models.

In Model 3b we allowed the residual Picture Concepts and Similari-
ties to correlate: as shown in Table 2, themodelfit improved significant-
ly and proved more parsimonious (the AIC was lower) than in Model 3.

InModel 3cwe allowed Picture Concepts to load on the Verbal Com-
prehension factor: as shown in Table 2, here again the model fit im-
proved significantly and proved more parsimonious than in Model 3.

Model 4 investigated a hierarchical four-factor structure of the
WISC-IV with a g-factor at the top and four first-order factors (Fig. 1).
Though theoretically feasible, this model did not reveal a better fit
than Model 3 (Table 2). It is worth noting that the values for the path
from g to the verbal comprehension, perceptual reasoning, working
memory, and perceptual reasoning indiceswere .92, .63, .58, and .31, re-
spectively, which were lower than in the control group in many cases
(Fig. 1), so we further investigated this finding using a multi-group
CFA approach.

2.3. Multi-group CFA on SLD and typically-developing children on the
WISC-IV first-order structure

We initially compared the SLD and the typically-developing samples
with a multi-group approach using Model 3 (i.e., without a g-factor at
the top). When we tested the structural equivalence of the two groups
(Model 5), the model showed a good fit, confirming that the same
structure holds in both groups.

In the next analysis (Model 6), we tested the equivalence of factor
loadings (HΛ) for the two groups. The chi-square difference test indicat-
ed that Model 6 was not statistically superior to Model 5, the fit indices



Table 1
Correlations, means (M), and standard deviations (SD), for children with SLD tested on the WISC-4.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Main index
1. Verbal Comprehension 1
2. Perceptual Reasoning .411 1
3. Working Memory .285 .278 1
4. Processing Speed .056 .212 .150 1
5. Full Scale IQ .767 .760 .569 .456 1

Additional index
6. General Ability .863 .806 .335 .151 .905 1
7. Cognitive Proficiency .224 .323 .711 .770 .673 .322 1

Subtest
8. Similarities .813 .438 .224 .034 .661 .761 .174 1
9. Vocabulary .847 .339 .245 .043 .646 .729 .189 .578 1
10. Comprehension .812 .258 .238 .056 .595 .671 .191 .473 .539 1
11. Block Design .314 .733 .172 .142 .552 .599 .213 .338 .257 .187 1
12. Picture Concepts .318 .713 .193 .130 .547 .602 .211 .340 .250 .224 .255 1
13. Matrix Reasoning .291 .784 .264 .208 .607 .619 .310 .299 .255 .173 .415 .353 1
14. Digit Span .213 .182 .799 .071 .423 .236 .555 .173 .184 .173 .111 .117 .180 1
15. Letter–Number
Sequencing

.265 .281 .817 .151 .513 .327 .626 .209 .230 .222 .184 .198 .262 .358 1

16. Coding .019 .111 .113 .826 .334 .074 .668 − .023 .036 .030 .059 .073 .124 .063 .118 1
17. Symbol Search .095 .252 .157 .839 .451 .198 .683 .100 .052 .078 .189 .152 .229 .067 .159 .453 1
M 102.08 103.81 89.21 91.00 97.27 103.22 88.46 10.08 10.03 10.92 10.28 10.98 10.56 8.04 8.34 8.28 9.17
SD 15.84 14.55 13.02 14.21 12.90 14.39 12.82 3.04 3.05 3.41 2.85 3.02 3.07 2.52 2.62 2.86 2.84

Note. All coefficients ≥ .065 are significant at .05 level.
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differed little from the previous model, and there were no residuals
greater than .10 (see Kline 2010 on this issue), sowewent a step further
to test other forms of invariance.

In Model 7, we tested the invariance of latent variances and covari-
ances. As shown in Table 2, the fit was poor, becoming worse than in
the previous models. The chi-square difference test strongly suggested
that this model should be rejected (Table 2). The SLD group also includ-
ed 12 absolute correlation residuals N .10. Taken together, these results
meant that this model should be rejected (see Kline, 2011).

2.4. Multi-group CFA on SLD and typically-developing children on the
WISC-IV first-order structure

Based on the results of our previous analyses (Models 6 and 7), we
added a second-order factor structure (with a g-factor at the top) in
Table 2
Fit indices for different CFA and MG-CFA on SLD and typically-developing groups.

χ2(df) Δχ2(Δdf)(mc) p

CFA on SLD
(1) Single g factor 559.25(35) –
(2) Modality dependent 387.91(34) –
(3) Four-factor model 81.33(29) –
(3b) 68.55(28) 12.78(1)(3) .000
(3c) 70.50(28) 10.58(1)(3) .001
(4) High-order structure 99.10(31) 17.77(2)(3) .000

Multi-group CFA
Based on the four-factor model (Model 3)

(5) 242.27(58) – –
(6) 255.89(64) 13.62(6)(5) .034
(7) 329.74(74) 73.85(10)(6) .000

Based on the high-order structure (Model 4)
(8) 283.93(68) – –
(9) 286.92(70) 2.99(2)(8) .224
(9b) 283.93(69) 0.00(1)(8) .951
(10) 299.86(71) 15.92(2)(9b) .000
(11) 303.26(71) 19.33(2)(9b) .000
(12) 290.97(71) 7.03(2)(9b) .030

Note. χ2 = chi-square, RMSEA= root mean square error of approximation, SMSR= standardiz
AIC = Akaike information criterion.
mc = model comparison.
Model 8, and factor loadings at the first-order level (from the manifest
variables to the first-order factors) were constrained to make them
equal across groups (consistently with Model 6). The model provided
a good fit with the data, so we tested the invariance at the second-
order factor level.

In Model 9 the measurement error of the Perceptual Reasoning
Index and the direct link from g to Perceptual Reasoning Index
were set to be invariant in the two groups. The model did not differ
statistically from the previous one, showing that the link from g to
Perceptual Reasoning Index and the error variance in Perceptual
Reasoning Index can be considered group-invariant. As Kline recom-
mended (2011), to fit this model we set the Verbal Comprehension
Index as the reference variable. The next model (Model 9b) was es-
sentially the same as Model 9 except for the fact that we used the
Perceptual Reasoning Index as the reference variable (Table 2). This
RMSEA SRMR CFI NNFI AIC

.128 .093 .703 .618 44,096

.107 .079 .800 .735 43,927

.045 .031 .970 .954 43,630

.040 .028 .977 .963 43,619

.041 .027 .976 .961 43,621

.049 .039 .961 .944 43,643

.045 .028 .976 .963 148,517

.044 .030 .975 .965 148,519

.047 .058 .967 .960 148,572

.045 .033 .972 .963 148,539

.045 .033 .972 .964 148,538

.045 .033 .972 .964 148,537

.046 .034 .971 .963 148,549

.045 .037 .970 .962 148,552

.045 .036 .972 .964 148,540

ed root mean square residuals, CFI= comparative fit index,NNFI=non-normed fit index,



Fig. 1. The hierarchical four-factor structure of theWISC-IV in childrenwith SLD (parameter estimates on left) and typically-developing children (parameter estimates on right). VCI=Verbal
Comprehension Index, PRI = Perceptual Reasoning Index, WMI =Working Memory Index, and PSI = Processing Speed Index.

Table 3
Loadings and g-variances for each group (SLD and typically-developing).

Subtests SLD Typical Δ variances

Load Var. Load Var.

Similarities .584 .301 .621 .385 .085
Vocabulary .569 .324 .658 .434 .109
Comprehension .478 .229 .522 .305 .076
Block Design .533 .284 .554 .307 .023
Picture Concepts .480 .231 .604 .365 .135
Matrix Reasoning .626 .391 .633 .401 .009
Digit Span .286 .082 .483 .233 .151
Letter–Number Sequencing .424 .180 .561 .315 .136
Coding .144 .021 .281 .079 .058
Symbol Search .301 .093 .421 .177 .084
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model was taken for reference and used to compare all the subse-
quent models.

In Models 10, 11 and 12, we set the following to be group-invariant,
one at a time: i) the direct link from g to single first-order factors; and
ii) the corresponding error variance of the specific first-order factors
(i.e., the error variance of the Verbal Comprehension,WorkingMemory,
and Processing Speed, respectively). In Model 10 the Verbal Compre-
hension Index was not group-invariant (Table 2); in Model 11 the
Working Memory Index was not group-invariant either (Table 2); and
inModel 12, norwas the Processing Speed Index. In this last case, the re-
sultswere less clear, however: the chi-square differencewas significant,
all the fit indices were similar, and the AICwas close to that of the refer-
ence model (Model 9b).

To sum up, judging from our results, only the Perceptual Reasoning
loading on g (and its error variance) seems to be group-invariant,
while that of theWorkingMemory, Verbal Comprehension and Process-
ing Speed indexes are not

2.5. Loadings on g and variances for each subtest

Since many second-order loadings on g were not group-invariant
(i.e., Verbal Comprehension, Working Memory and Processing Speed
indexes), we investigated g-loadings and g-variances for each task. We
therefore fitted two separate analyses for the SLD and the typically-
developing group using a hierarchical four-factor structure (Model 4).
The parameters estimated are shown in Fig. 1. We estimated the indi-
rect influence (or g-content) of the second-order factor (g) on theman-
ifest variables (each subtest of the WISC-IV) in terms of loadings and
variances. As shown in Table 3, the g-content was considerably lower
in the SLD group compared to controls, particularly for workingmemo-
ry tasks, but also for Verbal Comprehension and Processing Speed tasks.
There seemed to be a difference of about 14–15% in terms of g-variance
in the SLD group (for WM tasks). For the Verbal Comprehension, we
found a difference of about 8–10% in terms of g-variance, while for the
Processing Speed the loadings on g were weak in both groups, but the
proportion of variance explained by g in the SLD group was very weak
(about 2%, for the Coding subtest).
To sum up: i) the performance of children with SLD is impaired in
the working memory and in the processing speed; ii) the structure of
these children's intelligence is consistent with four factors, but the Pic-
ture Concepts in the SLD group has a residual correlation on Similarities
with a significant loading on the Verbal Comprehension Index, suggest-
ing that it may demand some form of verbal strategy (see Models 3b
and 3c); iii) only the Perceptual Reasoning Index had the same loadings
on the g-factors in the SLD and typically-developing children, showing
that many tasks may assess intelligence differently in the two groups.

3. Discussion

This study examined the intellectual performance of children with
SLD as identified by theWISC-IV, and the similarities and differences be-
tween how the intelligence of typically-developing and SLD children is
organized. Our results are therefore limited to the case of the WISC-IV
and other intelligence measures need to be considered before these
findings can be generalized. It seemed crucial to refer initially to the
WISC-IV battery, however, for three main reasons: (i) the WISC scales
are the most widely-used procedures for assessing intelligence in
many countries (Evers et al., 2012); (ii) the WISC-IV makes it possible
to distinguish between scores on different indexes, which seem to be
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affected to a different degree in childrenwith SLD; and (iii) theWISC-IV
is the intelligence test typically used in the diagnosis of SLD, and this
makes it possible to collect large datasets.

First of all, our findings in a large sample of cases support the evi-
dence of childrenwith a diagnosis of SLD typically having average scores
in measures of verbal and non-verbal intelligence but lower scores in
measures of working memory and processing speed. Our results also
confirm the observation that the strong relationship between the latter
two cognitive components and intelligence applies to a lower extent in
childrenwith SLD (Cornoldi et al., 2014; Poletti, 2014). Somedifferences
in the patterns of performance reported elsewhere in children with SLD
(e.g., De Clercq-Quaegebeur et al., 2010)may be due to the small size or
specific characteristics of the samples considered. Our results have the-
oretical and clinical implications because they confirm that SLD children
may have a normal level of intelligence (as measured by the General
Ability Index), despite a poor performance in the Working Memory
and Processing Speed indexes.

The second aim of our study was to test the WISC-IV structure in
children with SLD. We compared different models derivable from the
WISC-IV measures to pinpoint the best description of how intelligence
is organized in children with SLD. We confirmed that the WISC-IV has
a four-factor structure in children with SLD too, but one task (Picture
Concepts) had loadings on two factors, showing that children with
SLD may also use verbal strategies to solve non-verbal problems. It is
also worth mentioning that the four factors were not found strongly
inter-correlated in this group.

Concerning our third aim, we tested the equivalence of the WISC-IV
in typically-developing children and thosewith SLD. The results showed
that the loading on g (i.e., the influence of g on the first-order factors) of
three of the four factors (theWorkingMemory, Verbal Comprehension,
and Processing Speed) was lower in the SLD children than in the
typically-developing group. This finding may have important conse-
quences: if the g-content of most of the subtests (i.e., the indirect influ-
ence of g on themanifest variables) can depend on the g-loading of each
factor, and if it differs (as we found in three out of four factors), then the
subtests may have different g-loadings, meaning that they are not mea-
suring intelligence (the g-factor) in the same way. Differences between
the two groups in subtests with different g-loadings therefore do not
necessarily coincide with differences in intelligence. This kind of “bias”
seems to be particularly relevant for the WM measures since the g-
content of Digit Span and Symbol Search was considerably lower in
the SLD group.

The g-content of the tasks in the Processing Speed Index seemed to be
lower too. We found the loading of the Processing Speed Index on g sta-
tistically lower in the SLD than in the typically-developing group. Pro-
cessing speed tasks (i.e., the Coding and the Symbol Search) may
demand an involvement of the executive attention component, which
seems to be impaired in childrenwith SLD (Johnson et al., 2010). Deficits
in the processing speed component and in theWMmay therefore share
the same basic mechanisms and be due to the same executive attention
problem — confirming, here again, that differences in tasks measuring
processing speed may not reflect differences in g. Importantly, this situ-
ation is probably not limited to SLD, but couldwell apply to other groups
of children with impairments in executive processes, such as those with
ADHD (Cornoldi, Giofrè, Calgaro, & Stupiggia, 2013). Like thosewith SLD,
childrenwith ADHD typically score lower in the Processing Speed Index,
and a deficit in the Coding task, for example, is very common in such chil-
dren (Calhoun &Mayes, 2005). But when children with ADHD are asked
only to copy coding symbols (a task assumed to demand a lesser degree
of attentional control), their performance does not differ statistically
from that of controls (Jacobson et al., 2011). Once again, differences in
Processing Speed Index scores may not necessarily coincide with differ-
ences in the g-factor, partly because the g-content is very limited in chil-
dren who have executive problems, as is the case in children with SLD.
We believe that processing speed is a useful index when testing deficits
in processing speed in SLD (or ADHD), and should be measured, but it
should not be included in the calculation of intelligence because it is a
very weak measure of this construct, in atypical groups at least.

Based on our findings the General Ability Index –which only includes
the Perceptual Reasoning and the Verbal Comprehension indexes –
seems to be a valid measure of IQ in children with SLD. Some authors
have provided guidelines on the General Ability Index, in terms of criteria
for describing the discrepancy between this index and the Full Scale IQ.
Flanagan and Kaufman (2004) suggested that, when the difference be-
tween the highest and the lowest indexes in the WISC-IV is greater
than 23 points, then the Full Scale IQ should not be adopted, and other in-
dices (e.g., the General Ability Index) should be considered instead. This
approach was recently questioned by other authors, however, who ar-
gued that using this procedure about 40% and 50% of Full Scale IQs (in
the USA and Italy, respectively) would be dismissed (Orsini, Pezzuti, &
Hulbert, 2014), and they proposed a different discrepancy criterion
(e.g., 40 points) (Orsini & Pezzuti, 2014). In our opinion, every criterion
(be it 40 or 23 points) is largely arbitrary and the Full Scale IQ should
be dismissed and the General Ability Index preferred for all children
with SLD because differences in the Working Memory and Processing
Speed indexes may not necessarily reflect differences in intelligence, so
the estimated Full Scale IQ may be somewhat biased.

Even the General Ability Index may sometimes pose problems as a
measure of intelligence in children with SLD. In the present study, we
found no large differences in the mean scores obtained on the Verbal
Comprehension Index by typically-developing controls and children
with SLD (Cornoldi et al., 2014). On the other hand, a large body of liter-
ature indicates that childrenwith SLD often have trouble in tasks involv-
ing verbal reasoning or the retrieval of verbal information (Swanson,
1999; Swanson & Ashbaker, 2000). Children with SLD may often have a
history of language impairments (see the DSM-V; American Psychiatric
Association, 2013), and children with language impairments often have
deficits in the Verbal Comprehension Index (Wechsler, 2004). Our sam-
ple of childrenwith SLD revealed no deficit in the Verbal Comprehension
Index, but we also found the link from g to the Verbal Comprehension
Index weaker, and the g-content of the verbal comprehension tasks
lower in these children. This means that, in many cases, differences in
the Verbal Comprehension Index may not coincide with differences in
level of intelligence. That is why we believe that, when children with
SLD also have associated language problems, even the value of the Gen-
eral Ability Index becomes questionable; the Perceptual Reasoning Index
could be a valid alternative in such cases.

Among the four main indices in the WISC-IV, only the Perceptual
Reasoning Index seemed to have the same loading on the g-factor in
children with typical development and children with SLD. Not all the
Perceptual Reasoning Index tasks seemed to work in the same way in
the SLD and typically-developing groups, however. Among the various
perceptual reasoning tasks, Matrix Reasoning seemed to be both highly
g-loaded and invariant in the two groups, so using tasks that involve
matrix reasoning – such as the matrix reasoning or Raven progressive
matrices (e.g., Raven & Court, 1998) – may make sense in the case of
children with SLD. Conversely, tasks such the Picture Concepts may ad-
ditionally demand some sort of verbal reasoning for the SLD group (but
not for controls, as shown by Keith et al., 2006), so it is hard to say
whether they provide a measure of the g-factor or of the use of some
other strategies. This observation seems to be confirmed by our finding
that the g-content of the Picture Concepts was lower in the SLD group
than in the control group. Although the Perceptual Reasoning Index
does not seem to be biased in children with SLD, it is worth mentioning
that the reliability at levels of the indices is often quite poor (Watkins &
Smith, 2013). A complete non-verbal estimation of IQ using other in-
struments may therefore often be more appropriate in children with
SLD.

Despite its important theoretical and clinical implications, this study
has a number of limitations that should be addressed in future research.
For a start, we only had data on the 10 core subtests of the WISC-IV;
other subtests could be used too. Second, we only had data on the
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WISC-IV; other, recently-released tests could be used instead, such as
the WISC-V (Wechsler, 2014), or the Leiter-3 (Roid, Miller, Pomplun,
& Koch, 2013). Indeed, it would be very interesting to see how children
with SLD perform with the WISC-V for a number of reasons. For in-
stance, the tasks in the WISC-V no longer include Picture Concepts as
a primary measure of fluid intelligence, meaning that the estimate of
fluid reasoningmay be less biased than in theWISC-IV; and the General
Ability Index comprises 5 tasks (3 non-verbal, and only 2 verbal), thus
allowing for the fact that children with SLD may have problems in the
verbal domain. Similarly, by excluding both verbal and processing sub-
tests from the calculation of IQ, the Leiter-3 could provide a better esti-
mate of the intellectual abilities of children with SLD.

Future research is also needed to examine the intellectual patterns of
other atypical groups, and especially children with ADHD, who seem to
be similar in some ways to cases of SLD (Goker, Uneri, Guney, Dinc, &
Hekim-bozkurt, 2014).

In conclusion, despite some limitations, the present study offers im-
portant information on the generalizability of current descriptions of in-
telligence derived by the use of intelligence tests. Our results showed
that children with SLD and typically-developing controls have partly
similar and partly different intellectual patterns, as measured by the
WISC-IV. This scale proved useful, but not all the indexes and subtests
seem to have the same g-content in the two groups. This finding sug-
gests that the core components of intelligencemight be different in chil-
dren with SLD compared to controls. In fact, only the Perceptual
Reasoning Index, with two subtests in particular, was found both to
have high g-loadings and with no evidence of biases between the two
groups. This has also implications for the assessment, showing that,
when assessing intellectual abilities in children with SLD, it therefore
seems reasonable to prefer a less biased measure, such as the General
Ability Index (Cornoldi et al., 2014; Poletti, 2014), or other non-verbal
measures of intelligence. Results have also important theoretical impli-
cations, because they confirm that children with SLD can be of average
intelligence even though they obtain lower estimates of overall IQ. In
fact, children with SLD struggle with working memory and processing
speed tasks and this can considerably lower their IQ estimates, even
though these factors areweakly related to the g-factor compared to typ-
ical developing children. Such evidence further confirms that intelli-
gence and other basic aspects (e.g., working memory or processing
speed)may be very highly related in the normal population but not nec-
essarily in other groups, suggesting that these constructs should be con-
sidered separable. Our results can also have clinical implications,
indicating that it may be very difficult to assess intelligence in children
with atypical development, so examinerswill need to use their own “in-
telligence” when interpreting the results of such scales.
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