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Abstract

Background. Autism Spectrum Disorder (ASD) and schizophrenia are neurodevelopmental
disorders which share substantial overlap in cognitive deficits during adulthood. However,
treatment evaluation in ASD and treatment comparisons across ASD and schizophrenia are
limited by a dearth of empirical work establishing the validity of a standard cognitive battery
across ASD and schizophrenia. Promisingly, the MATRICS Consensus Cognitive Battery
(MCCB) has been validated in schizophrenia and encompasses cognitive domains that are
impacted in ASD. Thus, this study aimed to establish MCCB’s generalizability from schizo-
phrenia to ASD.
Methods. Community-residing adults with schizophrenia (N = 100) and ASD (N = 113)
underwent MCCB assessment. Using multigroup confirmatory factor analysis, MCCB’s trans-
diagnostic validity was evaluated by examining whether schizophrenia and ASD demonstrate
the same configuration, magnitude, and directionality of relationships within and among
measures and their underlying cognitive domains.
Results. Across schizophrenia and ASD, the same subsets of MCCB measures inform three
cognitive domains: processing speed, attention/working memory, and learning. Except for
group means in category fluency, continuous performance, and spatial span, both groups
show vastly comparable factor structures and characteristics.
Conclusions. To our knowledge, this study is the first to establish the validity of a standard
cognitive battery in adults with ASD and furthermore the first to establish a cognitive battery’s
comparability across ASD and schizophrenia. Cognitive domain scores can be compared
across new samples using weighted sums of MCCB scores resulting from this study. These
findings highlight MCCB’s applicability to ASD and support its utility for standardizing treat-
ment evaluation of cognitive outcomes across the autism-schizophrenia spectrum.

Introduction

Autism spectrum disorder (ASD) and schizophrenia are debilitating neurodevelopmental dis-
orders characterized by wide-ranging impairments in cognition (Cohen and Volkmar, 1997;
Rapoport et al., 2005). Although extensive similarities in cognitive profiles have been reported
in both disorders (Couture et al., 2010; Eack et al., 2013a), most studies have investigated social
cognition rather than nonsocial cognition (Fett et al., 2015). Given that nonsocial cognition is
an important predictor of functioning for both disorders (Fett et al., 2011; Kraper et al., 2017),
evaluating nonsocial cognition across ASD and schizophrenia is critical for adapting common
and unique therapeutic strategies to improve functioning across the autism-schizophrenia
spectrum.

Treatment comparisons across ASD and schizophrenia have been constrained by a lack of
validated cognitive batteries for evaluating treatment outcomes in both disorders. On one
hand, a standard cognitive battery for ASD adults has yet to be established, to our knowledge,
despite emerging evidence that cognitive remediation treatments improve general cognition
not only in schizophrenia (d = 0.45) (Wykes et al., 2011) but also in ASD (d = 1.40) (Eack
et al., 2013b). ASD adults show substantial variability in performance on neuropsychological
batteries, with performance ranging from normative levels to marked impairments on par with
deficits observed in schizophrenia (Mesholam-Gately et al., 2009). Numerous investigations
indicate that, compared to normal controls, ASD adults demonstrate poorer performance in
processing speed (David et al., 2008; Holdnack et al., 2011; Fried et al., 2016), attention/vigi-
lance (Ambery et al., 2006; Fried et al., 2016), verbal fluency (Ambery et al., 2006; Bramham
et al., 2009), working memory (Holdnack et al., 2011; Fried et al., 2016), verbal learning/
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memory (Sumiyoshi et al., 2011), visual learning/memory
(Ambery et al., 2006), and reasoning/problem solving (Ambery
et al., 2006; Bramham et al., 2009; Altgassen et al., 2012;
Torralva et al., 2013; Wilson et al., 2014; Fried et al., 2016;
Otsuka et al., 2017), consistent with leading theories of ASD as
a disorder of complex information processing (Minshew and
Goldstein, 1998). On the other hand, the development and wide-
spread implementation of a cognitive battery, the Measurement
and Treatment Research to Improve Cognition in Schizophrenia
(MATRICS) Consensus Cognitive Battery (MCCB; Nuechterlein
et al., 2008) has enabled standardized treatment evaluation of cog-
nitive outcomes in schizophrenia. With its measures overlapping
considerably with domains showing impairments in ASD adults,
MCCB encompasses the most salient cognitive performance def-
icits in schizophrenia and ASD, making it an ideal candidate to
assess cognition across both disorders.

As far as we are aware, only one study to date has used the
MCCB to compare cognition across ASD and schizophrenia.
This study, using an early subset of this sample found no differ-
ences in MCCB domain scores (Eack et al., 2013a). To our knowl-
edge, six other studies have compared cognitive functioning in
ASD and schizophrenia using broader neuropsychological batter-
ies, such as the Wechsler Adult Intelligence Scale (WAIS;
Wechsler, 1997). These studies have reported mixed findings
across cognitive domains, with ASD generally demonstrating bet-
ter performance compared to schizophrenia in domains for which
ASD and schizophrenia show differences (Bölte et al., 2002;
Goldstein et al., 2002; Murphy, 2003; de Boer et al., 2014;
Marinopoulou et al., 2016; Mançe Çalişir et al., 2018). Overall,
most studies comparing cognition across ASD and schizophrenia
have found some domains to be similarly impaired and some
domains where ASD may demonstrate better performance than
schizophrenia.

To compare cognitive impairments across ASD and schizo-
phrenia, it is necessary to establish that both groups share com-
mon relationships within and among the underlying cognitive
domains that are being assessed by the measures in a cognitive
battery. In other words, schizophrenia and ASD should respond
to the measures’ underlying cognitive domains in the same way.
This ensures the validity of the measures and of their relationships
with other constructs. Where this assumption is not tested, group
mean differences in a measure may not reflect actual group differ-
ences in the underlying cognitive domain. MCCB’s applicability
for ASD can established by demonstrating that MCCB perform-
ance is attributable to a set of cognitive domains (latent constructs
or factors) in the population for which it was initially developed
and validated (Nuechterlein et al., 2008), schizophrenia.
Confirming a transdiagnostically stable set of relationships within
and among measures and cognitive domains (a factor structure)
provides evidence that MCCB is one and the same assessment
in schizophrenia and ASD.

To date, three studies have examined the factor structure of the
English-language MCCB in schizophrenia using confirmatory
factor analysis (CFA) (Burton et al., 2013; Harvey et al., 2013;
Lo et al., 2016). In contrast to exploratory factor analysis (EFA),
which assumes no prior knowledge about relationships among
measures and factors, CFA is used to empirically test a hypothe-
sized factor structure and thus imposes a priori constraints on
these relationships (Kline, 2015). MCCB and measures of func-
tional capacity have been found to load onto a single factor in
individuals with schizophrenia or schizoaffective disorder
(Harvey et al., 2013). In more heterogeneous samples of

individuals with schizophrenia-spectrum disorders, a three-factor
model comprising processing speed, attention/working memory,
and learning has shown better fit than a one-factor model of gen-
eral cognition (Burton et al., 2013; Lo et al., 2016). Two studies
have further reported testing a forced six-factor structure for
MCCB (Burton et al., 2013) and a Korean-language battery of
equivalent measures (Noh et al., 2010); however, this factor struc-
ture is highly unstable due to the inclusion of factors that are
informed by only one measure. Finally, no models demonstrated
adequate fit in CFA conducted based on EFA models for the
Norwegian-language MCCB (Mohn et al., 2017). Overall, these
studies suggest that one-factor and three-factor structures may
best represent MCCB performance in schizophrenia, although a
definitive solution has yet to be replicated.

Whether MCCB can be validly compared across schizophrenia
and ASD remains to be examined. More fundamentally, it is still
unclear which cognitive domains are assessed by MCCB in ASD,
as, to our knowledge, no studies have yet investigated MCCB’s
factor structure in ASD. This suggests the utility of a multigroup
CFA approach, which we describe next, to examine whether
MCCB measures the same cognitive domains across schizophre-
nia and ASD.

Multigroup CFA can establish the extent to which our theories
correctly predict how the measures are capturing cognitive abil-
ities similarly, or invariantly, across groups (Byrne et al., 1989;
Meredith, 1993), by testing the hypothesis that variance between
groups is not supported. Establishing the measures’ validity starts
with establishing configural invariance (Dimitrov, 2010), which
suggests that the nature of cognitive abilities as assessed by
these cognitive measures is similar across groups. Here, the num-
ber of cognitive measures, the number of cognitive abilities (i.e.
factors), and which cognitive measures are related to which cog-
nitive abilities can be specified to confirm that this configuration
does not differ significantly across groups.

Once configural invariance is established, measurement invari-
ance can also be established, which suggests that the measures
reflect their respective cognitive abilities with similar strengths
and have similar average scores for each group (Byrne et al.,
1989; Meredith, 1993; Dimitrov, 2010). Here, the correlations
between cognitive measures and cognitive abilities (i.e. factor
loadings) are confirmed to not differ significantly across groups,
and the average scores for cognitive measures for a given level
of a cognitive ability are confirmed to not differ significantly
across groups.

In addition, structural invariance can be established, which
suggests that the cognitive abilities, as assessed by these cognitive
measures, have similarly strong relationships to each other and
have similar levels of variability across groups (Byrne et al.,
1989; Meredith, 1993; Dimitrov, 2010). Here, the correlations
among cognitive abilities are confirmed to not differ significantly
across groups, and the degree of heterogeneity in cognitive abil-
ities are also confirmed to not differ significantly across groups.

Thus, drawing upon the multigroup CFA approach in a large,
well-characterized sample of adult outpatients with schizophrenia
and verbal ASD adults to establish MCCB’s validity in both
schizophrenia and ASD, the aims of this study are threefold:

(1) Confirm MCCB’s transdiagnostic configural invariance by
establishing that schizophrenia and ASD show similar pat-
terns of MCCB performance such that the same subsets of
MCCB measures inform the same underlying cognitive
domains.
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(2) Confirm MCCB’s transdiagnostic measurement invariance by
establishing that schizophrenia and ASD show similar rela-
tionships among MCCB measures and their cognitive
domains and furthermore show similar average scores for a
given domain score.

(3) Confirm MCCB’s transdiagnostic structural invariance by
establishing that schizophrenia and ASD show similar levels
of variability for each cognitive domain and similar relation-
ships among domains.

Methods

Sample

The sample was comprised of English-fluent, community-residing
outpatients participating in ongoing studies of Cognitive
Enhancement Therapy (Hogarty et al., 2004; Eack et al., 2013b).
Participants in the schizophrenia group (N = 100; 78 with schizo-
phrenia and 22 with schizoaffective disorder) met the following
inclusion criteria: were aged 18 to 60; met criteria for schizophre-
nia or schizoaffective disorder according to the Structured Clinical
Interview for DSM-IV Disorders (First et al., 1995); were concur-
rently treated with antipsychotic medication; had an IQ ⩾ 80 esti-
mated using the Quick Test (Ammons and Ammons, 1962) or
Wechsler Abbreviated Scale of Intelligence-Second Edition, two-
subtest version (WASI-II; Wechsler, 2011); and demonstrated sig-
nificant cognitive and social disability on the Cognitive Styles and
Social Cognition Eligibility Interview (CSSCEI; Hogarty et al.,
2004). Schizophrenia participants were generally in the early
course of the illness (illness duration = 3.83 years, S.D. = 2.30)
and none were diagnosed with ASD. Participants in the ASD
group (N = 113) met the following inclusion criteria: were aged
16 to 45; met criteria for autism or ASD according to the
Autism Diagnostic Observation Schedule (Lord et al., 2000) or
Autism Diagnostic Interview (Lord et al., 1994); had an IQ⩾ 80
estimated using the WASI-II (Wechsler, 1999); had not been
abusing substances within the past 3 months prior to study enroll-
ment; did not have a history or concurrent diagnosis of psychotic
disorder according to clinical records; and demonstrated signifi-
cant cognitive and social disability on the CSSCEI (Hogarty
et al., 2004).

Measures

MCCB comprises ten tests of seven cognitive abilities
(Nuechterlein et al., 2008): (1) Speed of Processing: Trail
Making Test, Part A (TMT); Brief Assessment of Cognition in
Schizophrenia, Symbol Coding subtest (BACS Symbol Coding);
Category Fluency, Animal Naming (CF); (2) Attention/
Vigilance: Continuous Performance Test, Identical Pairs (CPT);
(3) Working Memory: Wechsler Memory Scale, Third Edition,
Spatial Span subtest (WMS-III Spatial Span); Letter-Number
Span test (LNS); (4) Verbal Learning: Hopkins Verbal Learning
Test–Revised (HVLT); (5) Visual Learning: Brief Visuospatial
Memory Test–Revised (BVMT); (6) Reasoning and Problem
Solving: Neuropsychological Assessment Battery, Mazes subtest
(NAB Mazes); and (7) Social Cognition: Mayer-Salovey-Caruso
Emotional Intelligence Test (MSCEIT), Emotional Management
task. Each test demonstrates adequate test-retest reliability and
validity, high practicality and tolerability ratings, brief administra-
tion times, minimal practice effects, and substantial covariation
with functional outcomes (Nuechterlein et al., 2008). Consistent

with previous studies examining MCCB’s factor structure
(Burton et al., 2013; Lo et al., 2016), all measures were included
except for MSCEIT, given that this social cognitive measure dif-
fers significantly from other nonsocial cognitive measures in the
battery.

Procedures

Participants were recruited from support groups, community
agencies, community mental health centers, clinics, colleges and
universities, online advertisements, prior studies, and local advo-
cacy groups in the Pittsburgh region. Participants underwent
diagnostic interview administered by research staff who were
trained and supervised by a study psychologist or expert diagnos-
tician. After determining eligibility and prior to commencing
treatment, participants were administered the IQ assessment
and MCCB by trained psychometrists supervised by a study
psychologist. Studies were reviewed and approved annually by
the University of Pittsburgh Institutional Review Board, and all
participants provided written informed consent to participate.

Analyses

Data were complete for all cognitive measures, and only TMT
required transformation due to non-normality: a raw TMT
score of 200 in the ASD group was winsorized to the next poorest
score in the ASD group (80) whereas TMT scores of 105 and 110
in the schizophrenia group were winsorized to the next poorest
score in the schizophrenia group (62). Raw scores for each meas-
ure were then standardized to the mean of the total sample via
z-score transformation. Skew and kurtosis of each measure within
groups were acceptable [absolute skewness ⩽2.0, kurtosis ⩽7.0
(West et al., 1995)], suggesting that factor analysis was
appropriate.

Standardized scores for each measure were then subjected to
multigroup CFA in Mplus, version 8 (Muthén and Muthén,
2010) using maximum-likelihood estimation. CFA tests whether
the hypothesized relationships among measures can be captured
by latent constructs (factors) which cannot be directly measured,
as indicated by the fit of a hypothesized factor structure to the
observed performance on the measures. CFA of MCCB captures
factors assessed by a set of nine measures rather than a compre-
hensive factor structure of cognition; the resultant factors may dif-
fer from but do not contradict conceptualizations of MCCB’s nine
nonsocial measures as assessments of six nonsocial cognitive
abilities.

Multigroup CFA compares the factor structures of two or more
groups by estimating models where specific parameters of the fac-
tor structures are constrained to equivalence (invariance) across
groups (Dimitrov, 2010). The fit of nested models with increas-
ingly restrictive constraints is evaluated using the Comparative
Fit Index (CFI) comparison. The CFI comparison was chosen
over the chi-square difference test given its robustness to model
complexity and sample size; a difference in CFI⩽ 0.01 indicates
that constraining the parameters maintains model fit, retaining
the null hypothesis of invariance (Cheung and Rensvold, 2002).
The following fit indices were used to determine the extent to
which each model appropriately captures the data: CFI,
Tucker-Lewis Index (TLI), Root Mean Squared Residual of
Approximation (RMSEA), and Standardized Root Mean Square
Residual (SRMR), with adequate fit indicated when CFI and
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TLI⩾ 0.90 and good fit indicated when CFI and TLI⩾ 0.95,
RMSEA ⩽ 0.06, and SRMR⩽ 0.08 (Hu and Bentler, 1999).

The transdiagnostic validity of a set of measures can be estab-
lished by confirming configural, measurement, and structural val-
idity of its factor structure across groups (Dimitrov, 2010; Milfont
and Fischer, 2010; Van de Schoot et al., 2012). First, configural
invariance establishes that the same subsets of measures relate
to the same cognitive domains across groups, as the factor struc-
ture’s configuration is likely to be transdiagnostically equivalent.
Next, measurement invariance establishes that the measures can
be compared transdiagnostically, as (1) each factor loading, repre-
senting the strength and directionality of the relationship between
each measure and its respective domain, is likely to be transdiag-
nostically equivalent, and (2) each intercept, representing the
average score of each measure that produces a score of zero in

its respective domain, is likely to be transdiagnostically equivalent.
Finally, structural invariance establishes that the domains can be
compared transdiagnostically, as the variance of each factor,
representing the variability in performance on a cognitive
domain, and its correlations with other factors, representing its
relationships with other domains, are likely to be transdiagnosti-
cally equivalent.

Results

Demographic and cognitive characteristics of the sample

As shown in Table 1, schizophrenia and ASD groups both con-
sisted of young adults aged approximately 24 years, were largely
male, Caucasian, and had attended college. Across groups,

Table 1 Demographic and performance characteristics across groups

Schizophrenia
(N = 100)

ASD
(N = 113)

Characteristic Mean (S.D.) Mean (S.D.) Statistic p df

Demographic

Age 24.79 (5.42) 24.80 (6.65) <0.001 0.993 211

Sex 72% 81% 2.151 0.143 1

Race 64% 68% 1.545 0.214 1

Educationa 74% 69% 13.223 0.001 2

IQ 106.65 (12.48) 108.85 (14.68) 1.362 0.245 210

Substance use history 43% 0% – – –

Cognitive domain

Overall composite 40.68 (10.88) 43.11 (12.03) 2.359 0.126 211

Speed of processing 43.11 (10.92) 44.96 (14.24) 1.105 0.294 211

Attention/Vigilance 39.93 (11.81) 45.02 (12.62) 9.155 0.003 211

Working memory 46.68 (9.51) 45.90 (12.05) 0.268 0.605 211

Verbal learning 42.14 (9.23) 45.71 (10.08) 7.191 0.008 211

Visual learning 47.16 (10.50) 46.47 (11.35) 0.211 0.647 211

Reasoning and problem solving 48.85 (9.95) 48.69 (10.18) 0.013 0.908 211

Cognitive measure

TMT 47.08 (12.26) 44.35 (13.80) 2.297 0.131 211

BACS symbol coding 41.91 (11.45) 44.28 (13.78) 1.841 0.176 211

CF 44.94 (10.22) 49.89 (13.24) 9.169 0.003 211

NAB mazes 48.85 (9.95) 48.69 (10.18) 0.013 0.908 211

CPT 39.85 (11.77) 45.22 (12.40) 10.440 0.001 211

WMS-III spatial span 48.90 (9.93) 45.08 (11.64) 6.556 0.011 211

LNS 45.44 (9.24) 48.05 (12.10) 3.078 0.081 211

HVLT 42.05 (9.28) 45.71 (10.08) 7.527 0.007 211

BVMT 47.06 (10.66) 46.47 (11.35) 0.152 0.697 211

BACS Symbol Coding, Brief Assessment of Cognition in Schizophrenia, Symbol Coding subtest; BVMT, Brief Visuospatial Memory Test-Revised; CF, Category Fluency; CPT, Continuous
Performance Test – Identical Pairs; HVLT, Hopkins Verbal Learning Test – Revised; LNS, Letter Number Span; NAB Mazes, Neuropsychological Assessment Battery, Mazes subtest; TMT, Trail
Making Test, Part A; WMS-III Spatial Span, Wechsler Memory Scale – Third Edition, Spatial Span subtest.
Note. Results of one-way Type III ANOVAs are presented for age, IQ, cognitive domains and standardized cognitive measures, whereas chi-square tests are reported for sex (% male), race (%
Caucasian), and education (% attended college).
aFor the schizophrenia group, 59% had attended college but did not have a college degree, and 15% of the schizophrenia group had received a college degree. For the autism group, 40% had
attended college but did not have a college degree, and 29% had received a college degree.
Cognitive domains and measures are presented as T-scores, which have normative distributions centered around a mean of 50 and standard deviation of 10.
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participants were similar in age, sex, race and IQ. A greater pro-
portion of schizophrenia participants than ASD participants had
attended college; however, consistent with the substantial deficit
in functioning, only 15% of the schizophrenia participants had
received a college degree whereas 29% of ASD participants had
received a college degree. All schizophrenia participants were tak-
ing antipsychotic medication, with an average daily chlorpromaz-
ine equivalent dosage of 452 mg (S.D. = 352 mg), and 43% had a
history of substance abuse or dependence. The two groups
showed T-scores for measures that were largely within overlap-
ping ranges, with schizophrenia showing lower scores than ASD
for measures of Processing Speed (CF), Attention/Vigilance
(CPT), and Verbal Learning (HVLT), and showing higher scores
than ASD for one measure of Attention/Vigilance (WMS-III
Spatial Span).

Establishing configural invariance

We began our evaluation of MCCB’s transdiagnostic validity by
first examining MCCB’s factor structure within and across parti-
cipants with schizophrenia and ASD. This is necessary to ensure
that the same factor structure likely captures the configuration of
measures and domains transdiagnostically. Invariance test results
and fit for all models (M1–M8) are summarized in Table 2.

First, we replicated MCCB’s factor structure in schizophrenia
(Fig. 1a; online Supplemental Results and Table S1). The three-
factor model with correlated residuals established in schizophre-
nia (M1) demonstrated excellent fit in ASD (M2), requiring no
further modifications. In ASD, this model fit significantly better
than the three-factor model without correlated residuals (CFI =
0.948, TLI = 0.921, RMSEA = 0.078, SRMR = 0.054) and the one-
factor model (CFI = 0.844, TLI = 0.793, RMSEA = 0.126, SRMR =
0.072). Standardized factor loadings for all measures in this model
were moderate to high in schizophrenia (range = 0.305–0.786)
and in ASD (range = 0.554–0.824), as were correlations among
factors (schizophrenia range = 0.444–0.760; ASD range = 0.586–
0.776) (Table 3). Thus, within disorders, each measure captured
a substantial amount of variance in its respective cognitive
domain, and each domain also showed substantial covariation
with other domains.

We then sought to establish whether the measures informed the
same domains across disorders. The three-factor model demon-
strated good fit across schizophrenia and ASD (M3), supporting
MCCB’s transdiagnostic configural invariance (Fig. 1b). Because
MCCB measures assess three cognitive domains in both groups,
each informed by the same subset of measures, the factor structure
for MCCB can be compared transdiagnostically.

Establishing measurement invariance

Next, we examined whether the relationships among the measures
and domains were likely to be transdiagnostically invariant in two
steps: (1) metric invariance of the correlations among measures
and domains, and (2) scalar invariance of the measures’ means
for a given domain score. The first step of establishing measure-
ment invariance was complete when constraining the structure’s
factor loadings to equivalence across groups maintained the
model fit (Fig. 1c). The loading of a designated reference measure
was constrained to 1 for each factor (TMT, CPT, and HVLT). This
model (M4) retained good fit, confirming that a difference in a
cognitive domain score is associated with the same differences
in the values of its contributing measures in both groups. Ta
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Fig. 1. Path diagram depicting the configural model. Bolded items represent transdiagnostic equivalence of parameters across schizophrenia and ASD.
(a) Hypothesized factors and measures in three-factor model. (b) Configural invariance establishes invariant configurations of relationships among measures
and factors across schizophrenia and ASD, as in model M3. (c) Metric invariance establishes invariant factor loadings across schizophrenia and ASD, as in
model M4. (d) Scalar invariance establishes invariant means for measures (except for NAB and WMS) across schizophrenia and ASD, as in model M6.
(e) Structural invariance establishes invariant factor variances across schizophrenia and ASD, as in model M7. ( f) Structural invariance further establishes invariant
factor covariances across schizophrenia and ASD, as in model M8.
Note. BACS, Brief Assessment of Cognition in Schizophrenia, Symbol Coding subtest; BVMT, Brief Visuospatial Memory Test-Revised; CF, Category Fluency; CPT,
Continuous Performance Test- Identical Pairs; HVLT, Hopkins Verbal Learning Test – Revised; LNS, Letter Number Span; NAB, Neuropsychological Assessment
Battery, Mazes subtest; TMT, Trail Making Test, Part A; WMS, Wechsler Memory Scale – Third Edition, Spatial Span subtest.
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For the second step of establishing measurement invariance,
given that constraining all intercepts to equality in schizophrenia
and ASD significantly reduced model fit (M5), partial scalar
invariance was established by constraining as many intercepts to
equivalence as possible while maintaining the model’s fit
(Fig. 1d; online Supplemental Table S2) (Milfont and Fischer,
2010). Specifically, in this model (M6), beyond the reference mea-
sures for each factor, the means for BACS Symbol Coding and
NAB Mazes may be transdiagnostically invariant for a given
score in Processing Speed, the mean for LNS may be transdiag-
nostically invariant for Attention/Working Memory, and the
mean for BVMT may be transdiagnostically invariant for
Learning. Given the small proportion of non-invariant intercepts
and that the invariant intercepts were not uniformly higher in one
group than the other (Chen, 2008), bias in comparing means
across groups is unlikely to be substantial. Overall, this model
confirms that a given cognitive domain score is associated with
similar values of its contributing measures in both groups.

The above analyses together demonstrate that the majority of
factor loadings and intercepts are likely to be invariant across
groups for each factor. Thus, both groups show similar relation-
ships among measures and domains and similar mean values
for measures, supporting MCCB’s transdiagnostic measurement

invariance. Thus, scores for MCCB measures can be compared
transdiagnostically.

Establishing structural invariance

Finally, we examined whether the cognitive domains are likely to
be transdiagnostically invariant. Constraining all factor variances
to equality across schizophrenia and ASD maintained model fit
(M7; Figure 1e), as did constraining factor covariances to equality
across groups (M8; Figure 1f). These results confirm that both
groups show similar variability in each cognitive domain and
similar relationships among cognitive domains, supporting
MCCB’s transdiagnostic structural invariance. Thus, scores for
MCCB cognitive domains can be compared transdiagnostically.

Discussion

Replicating the results of prior studies in heterogenous samples of
schizophrenia-spectrum disorders (Burton et al., 2013; Lo et al.,
2016), this study demonstrated that MCCB is represented by a
three-factor structure in schizophrenia consisting of processing
speed, attention/working memory, and learning. Furthermore,
this study is the first to extend these findings across neurodevelop-
mental diagnoses, confirming that MCCB comparisons are likely
to be valid across schizophrenia and ASD.

Configural invariance

Our findings indicate that MCCB measures inform the same three
cognitive domains across schizophrenia and ASD. These cognitive
domains capture different levels of cognitive processing, from
lower-order, basic processing speed and mid-level attention/
working memory, to higher-order, complex cognitive abilities
involved in learning. Despite the three-factor model showing sig-
nificantly better fit than the one-factor model in schizophrenia in
our study and previous literature (Burton et al., 2013; Lo et al.,
2016), the large correlations among factors and the substantial
improvements in model fit after allowing residuals to be correlated
across factors is consistent with the generalized cognitive deficit
model of schizophrenia (Dickinson et al., 2008).

Our three-factor model replicates prior models in the literature
with minor modifications. Although no adjustments were neces-
sary to obtain good model fit for the three-factor model by Burton
et al., (2013), in this study, three pairs of residuals were allowed to
correlate, two of which were overlapping with the five pairs of
correlated residuals in the three-factor model presented by Lo
et al., (2016): NAB Mazes and CPT, and NAB Mazes and
WMS-III Spatial Span. The factor structure of the
Norwegian-language MCCB has been examined in a large sample
comparable to the size of our schizophrenia sample (Mohn et al.,
2017), yet the Norwegian-language MCCB sample comprised
schizophrenia-spectrum disorders, which is a broader diagnostic
definition than the definition used in the current study.
Furthermore, the analytical approach taken in the
Norwegian-language MCCB study was atheoretical in using
EFA rather than theorized cognitive domains to inform and test
models in CFA. Although none of the factor structures showed
even adequate fit for the Norwegian-language MCCB even after
optimization (Mohn et al., 2017), the three-factor model showed
identical configural models to the three-factor models established
in other studies (Burton et al., 2013; Lo et al., 2016) and the cur-
rent study, except for spatial span additionally loading onto the

Table 3 Standardized factor loadings and covariances for the configural model
across groups

Factor Measure Schizophrenia ASD

Standardized loadings

Processing speed TMT 0.625 0.633

BACS
symbol
coding

−0.873 −0.824

CF −0.305 −0.569

NAB mazes −0.606 −0.658

Attention/Working
memory

CPT 0.452 0.554

WMS-III
spatial
span

0.786 0.708

LNS 0.556 0.659

Learning HVLT 0.577 0.708

BVMT 0.702 0.809

Standardized
covariances
(Correlations)

Processing speed
with attention/Working
memory

−0.444 −0.741

Processing speed
with learning

−0.669 −0.586

Attention/Working
memory with learning

0.760 0.776

BACS Symbol Coding, Brief Assessment of Cognition in Schizophrenia, Symbol Coding
subtest; BVMT, Brief Visuospatial Memory Test-Revised; CF, Category Fluency; CPT,
Continuous Performance Test-Identical Pairs; HVLT, Hopkins Verbal Learning Test – Revised;
LNS, Letter Number Span; NAB Mazes, Neuropsychological Assessment Battery, Mazes
subtest; TMT, Trail Making Test, Part A; WMS-III Spatial Span, Wechsler Memory Scale – Third
Edition, Spatial Span subtest.
Note. All parameters are significant at p < 0.001.
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learning factor. Ultimately, though levels of cognitive variation
and covariation assessed by MCCB differ across schizophrenia
samples, MCCB is represented by three correlated cognitive
domains in schizophrenia.

To our knowledge, MCCB’s factor structure has not previously
been examined in ASD. Given that the three-factor model with
correlated residuals fit significantly better than the one-factor
model, our findings indicate MCCB performance may also be
characterized by deficits in moderately correlated domains rather
than one general cognitive domain in ASD without intellectual
disability. Although most studies of nonsocial cognition in ASD
have focused on specific cognitive domains and/or IQ
(Charman et al., 2011; Magiati et al., 2014), our study argues
for more diverse assessments of multiple cognitive domains to
parse the heterogeneity of cognitive profiles in ASD. More
broadly, our findings support the utility of drawing upon concep-
tualizations and implementations of cognitive assessment from
schizophrenia to inform our understanding of cognitive assess-
ment in ASD.

Measurement invariance

MCCB measures shared the same relationships with the cognitive
domains and largely the same patterns of mean scores for the cog-
nitive domains across schizophrenia and ASD.

The strength and directionality of the relationships was likely
to be transdiagnostically invariant for all measures, indicating
that the measures are equally important to informing their
respective domains across groups. Across groups, the processing
speed domain shared the most overlap with pencil-and-paper
measures. Furthermore, the attention/working memory domain
shared the most overlap with spatial span (block stimuli) com-
pared to the continuous performance test or letter-number span
(symbol representations). The learning domain shared more over-
lap with visuospatial compared to verbal learning.

The means of the measures were likely to be transdiagnosti-
cally invariant except for category fluency, continuous perform-
ance, and spatial span, suggesting that, holding performance on
other MCCB tests constant, schizophrenia and ASD showed simi-
lar mean levels of performance on these three measures. This is
consistent with previous research showing poorer verbal compre-
hension (related to category fluency) and better visuospatial plan-
ning (related to spatial span) in verbal ASD adults compared to
controls, a pattern of cognitive performance found in a subset
of schizophrenia adults (Goldstein et al., 2002).

Structural invariance

MCCB domains shared the same amount of variability and the
same relationships with each other across schizophrenia and
ASD. This suggests that, for these three domains corresponding
to different hierarchical levels of cognitive processing, their vari-
ability and their overlap are likely to be transdiagnostically invari-
ant. Ultimately, schizophrenia and ASD adults show performance
deficits in the same cognitive domains, extending previous litera-
ture demonstrating similar cognitive deficits in schizophrenia and
ASD (Goldstein et al., 2002).

Considerations

This study is the first to validate a nonsocial cognitive battery
across schizophrenia and ASD. The large, community-based

sample is particularly well-suited for examining this question
given the narrow diagnostic criteria defining both groups, the
wide range of cognitive performance levels that were assessed,
and the similarity of the groups for key characteristics that may
impact cognition, such as age and intelligence. Despite these
strengths, certain limitations remain. Schizophrenia participants
were generally in the early course of their illness, which may
limit the generalizability of these findings in individuals with
chronic schizophrenia. Given the restriction of the ASD group
to verbal adults, these findings may not generalize to adults
with non-verbal ASD or comorbid intellectual disability.
Although intelligence was similar across groups, education levels
differed between groups. Given that the sample only included par-
ticipants who did not meet criteria for intellectual disability, the
majority of participants had attained some college education,
which is a somewhat high level of educational attainment. Thus,
these findings may not generalize to adults with schizophrenia
who do not have comorbid intellectual disability. Furthermore,
substance abuse problems were found only in the schizophrenia
group. Despite the dissimilarities in education level and substance
abuse across groups, most of the characteristics of MCCB’s factor
structure were likely to be transdiagnostically invariant, support-
ing MCCB’s generalizability across schizophrenia and ASD.

Applications

To compare cognitive domain performance across schizophrenia
and ASD for individuals who have completed the entire MCCB,
each measure’s factor loading (Table 3) can be multiplied by
the measure’s raw score. The sum of these weighted raw scores
across the contributing measures yields the cognitive domain fac-
tor score.

Implications

In light of current movements to characterize transdiagnostic fea-
tures of psychiatric and developmental disorders (Insel et al.,
2010), our findings indicate that MCCB measurement of nonso-
cial cognition can be extended from schizophrenia to ASD. Our
recent report of large cognitive improvements in ASD adults fol-
lowing Cognitive Enhancement Therapy (Eack et al., 2013b) is
among the promising initial studies (Miyajima et al., 2016;
Okuda et al., 2017) to reveal that cognition in ASD adults can
indeed be improved using therapeutic approaches that have a pro-
ven track record of improving cognition in schizophrenia adults
(Wykes et al., 2011). Just as MCCB’s adoption has vastly
improved the comparability of cognitive outcomes across rando-
mized control trials of schizophrenia treatments (Keefe et al.,
2017), we hope that MCCB’s adoption for treatment evaluation
in ASD adults will advance the adaptation, development, and
evaluation of evidence-based treatments for this underserved
population.
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