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A B S T R A C T

Autism spectrum disorder (ASD) and schizophrenia are neurodevelopmental disorders which show markedly
similar deficits in emotion processing, yet treatment evaluation in ASD and treatment comparisons across ASD
and schizophrenia are constrained by a lack of empirical work validating a standard emotion processing battery
across ASD and schizophrenia. Encouragingly, the Mayer–Salovey–Caruso Emotion Intelligence Test, version 2.0
(MSCEIT (Mayer et al., 2003) spans the range of emotion processing deficits in schizophrenia and ASD. This
study therefore aimed to establish MSCEIT's factorial, measurement, and structural invariance in community-
residing adults with schizophrenia (N=103) and ASD (N=113) using multigroup confirmatory factor analysis.
Consistent with prior studies in normative populations, a two-factor structure comprised of emotional experi-
encing and emotional reasoning was supported in ASD and schizophrenia. Both groups operationalize MSCEIT
measures similarly, with all measures except for Facilitation and Management showing comparability across
groups. To our knowledge, this study is not only the first to establish the measurement and structural invariance
of a standard emotion perception battery in adults with ASD, it is also the first to establish its comparability
across ASD and schizophrenia. Ultimately, these findings underscore MSCEIT's utility for standardizing treat-
ment evaluation of social cognitive outcomes across the autism-schizophrenia spectrum.

1. Introduction

Social cognitive deficits feature prominently in autism spectrum
disorder (ASD) (Baron-Cohen and Wheelwright, 2004) and schizo-
phrenia (Penn et al., 2008), with substantial similarities in these im-
pairments observed across both neurodevelopmental disorders
(Couture et al., 2010; Eack et al., 2013a). Despite mounting evidence
that cognitive remediation treatments improve social cognition not only
in schizophrenia adults (d=0.65 reported in the most recent meta-
analysis (Wykes et al., 2011)) but also in ASD adults (d=0.27
(Eack et al., 2018)), comparisons and applications of therapeutic ele-
ments across ASD and schizophrenia are currently limited by a dearth of
social cognitive measures validated in both disorders. This barrier is
highlighted in the most recent comprehensive meta-analysis evaluating

comparisons of social cognition in ASD and schizophrenia, which in-
dicated significant heterogeneity among the included studies
(Fernandes et al., 2018). This heterogeneity may be at least partially
attributable to the fact that most comparison studies to date have used
social cognitive measures that have not yet been validated across both
disorders, thereby obscuring the extent to which an observed group
difference or lack thereof in social cognition is reliably and accurately
representing the nature of social cognitive abilities across these dis-
orders.

Demonstrating that social cognitive measures show similar mea-
surement properties across ASD and schizophrenia is necessary for in-
terpreting comparisons of social cognitive performance across these
disorders. Although recent theoretical and psychometric work in the
Social Cognition Psychometric Evaluation (SCOPE) study
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(Pinkham et al., 2018) has validated a set of social cognitive measures
for schizophrenia, a standard social cognitive battery for ASD adults has
yet to be validated to our knowledge. In particular, recent meta-ana-
lyses indicate that emotion processing, a domain of social cognition, is
substantially impaired in ASD (d=−0.41 (Uljarevic and
Hamilton, 2013)) and in schizophrenia (d∼−0.89 (Savla et al., 2013)
irrespective of age, emphasizing its potential for remediation in adults.
Taken together with the finding that emotion processing is a key pre-
dictor of functioning in ASD (Otsuka et al., 2017) and schizophrenia
(Fett et al., 2011), emotion processing shows ample prospects for
evaluating treatment outcomes across the autism-schizophrenia spec-
trum.

In selecting a standard battery to assess emotion processing deficits
across ASD and schizophrenia, the Mayer–Salovey–Caruso Emotion
Intelligence Test, version 2.0 (MSCEIT; Mayer et al., 2003) emerges as a
top candidate given its use as a standard assessment of emotion per-
ception and processing in schizophrenia (Lindenmayer et al., 2013;
McCleery et al., 2016), and increasingly, in ASD (Boily et al., 2017).
Unlike many assessments of emotion processing, MSCEIT is perfor-
mance-based in that participants are prompted to solve emotional
problems rather than report their emotional abilities. Given that
MSCEIT enables the evaluation of emotion processing similar to the
evaluation of general intelligence by neurocognitive assessments, its
Managing Emotions (ME) subscale was recommended by the NIMH-
MATRICS (National Institutes of Mental Health, Measurement and
Treatment Research to Improve Cognition in Schizophrenia) committee
as a measure of social cognition in schizophrenia in the widely im-
plemented MATRICS Consensus Cognitive Battery (MCCB; Green et al.,
2005). Furthermore, MSCEIT-ME has been found to be uniquely cor-
related with functioning relative to the MCCB nonsocial cognitive
measures (DeTore et al., 2018), highlighting MSCEIT's potential con-
tribution to evaluating treatment outcomes not encompassed by stan-
dard nonsocial cognitive measures.

Comparing emotion processing impairments across ASD and schi-
zophrenia requires establishing that the skills involved in emotion
processing within each disorder are attributable to a common set of
underlying constructs and are measured without systematic differences
in bias across both disorders. This ensures the validity of the emotion
processing measures and of their relationships with other constructs.
Without testing these assumptions, we can only hold limited confidence
in any inference that group mean differences in the measure are due to
actual group differences in the underlying construct rather than sys-
tematic group differences in response bias and/or other sources of
measurement error. Thus, to establish MSCEIT's utility across ASD and
schizophrenia, it is important to first examine if performance on
MSCEIT is attributable to a set of emotion processing domains (factors)
in a population for which validation efforts are already underway,
schizophrenia. After identifying a stable set of relationships between
measures and emotion processing domains (a factor structure) for
MSCEIT in schizophrenia, this factor structure may then be examined in
a different population, ASD. Establishing the invariance of this factor
structure provides evidence that MSCEIT assesses the same core do-
mains across ASD and schizophrenia.

Despite the increasing use of MSCEIT in schizophrenia since the
introduction of expert recommendations for a consensus cognitive
battery (Dodell-Feder et al., 2014; Frajo-Apor et al., 2016; Kee et al.,
2009), a clear and acceptable factor structure for MSCEIT has not yet
been established in schizophrenia using confirmatory factor analysis
(CFA). In contrast to exploratory factor analysis (EFA), which makes no
assumptions about the relationships between measures and factors, CFA
is used to empirically test a theorized factor structure and thus imposes
constraints a priori on the relationships between measures and factors.
Initial work by our group using CFA in a moderate-sized sample in-
dicated that MSCEIT may demonstrate a two-factor structure in patients
with schizophrenia (Eack et al., 2009), which was subsequently re-
plicated using EFA (Lin et al., 2012). To date, no other study has

applied CFA to examine MSCEIT's factor structure in schizophrenia.
Overall, the limited fits of the revised two-factor model and of alter-
native models in our initial study (Eack et al., 2009) support the need to
re-examine the structural model in schizophrenia. In particular, given
the results of a recent meta-analysis reporting that a three-factor model
shows better fit in normative samples than the one-, two-, and four-
factor models which were most commonly reported in individual stu-
dies (Fan et al., 2010) and were tested in our initial study (Eack et al.,
2009), the three-factor model should be examined to determine if it
may better capture MSCEIT's underlying structure in schizophrenia
than the alternative models. Establishing an acceptable-fitting model in
schizophrenia is key for supporting the validity of the constructs mea-
sured in schizophrenia, as well as interpreting comparisons of emotion
processing across schizophrenia and ASD.

Although a growing literature indicates that the behavioral and
neural processes associated with emotion processing difficulties in ASD
are comparable to processes in schizophrenia (Eack et al., 2013a;
Sugranyes et al., 2011), MSCEIT's factor structure has not yet been in-
vestigated across these disorders. Thus, building upon our prior work
(Eack et al., 2009), we draw upon a non-overlapping, large, commu-
nity-based sample of verbal ASD adults and adult outpatients with
schizophrenia to address the following aims:

(1) Replicate MSCEIT's factorial invariance in schizophrenia and ASD.
We hypothesized that the prior two-factor model would demon-
strate better fit than other models that have been supported in
normative populations and that the model would show a good-fit-
ting factor structure across schizophrenia and ASD (established by
configural measurement invariance).

(2) Confirm that schizophrenia and ASD attribute equivalent relation-
ships between MSCEIT measures and the underlying emotion per-
ception domains (established by metric and scalar measurement
invariance). We hypothesized that schizophrenia and ASD demon-
strate psychometrically similar interpretations of MSCEIT mea-
sures, enabling comparisons of the measures’ statistics (e.g. means
and correlations) across disorders.

(3) Confirm that schizophrenia and ASD attribute similar relationships
among MSCEIT emotion processing domains (established by struc-
tural invariance). We hypothesized that MSCEIT factor structure is
equivalent across schizophrenia and ASD, enabling comparisons of
emotion processing domain statistics across disorders.

2. Methods

2.1. Participants

Participants were English-fluent, community-residing outpatients
participating in ongoing studies of Cognitive Enhancement Therapy
(Eack et al., 2013b; Hogarty et al., 2004). Schizophrenia patients were
included in this study if they were aged 18 to 60, met criteria for
schizophrenia or schizoaffective disorder according to the Structured
Clinical Interview for DSM-IV Disorders (SCID) (First et al., 1995), were
adherent to concurrent antipsychotic medication regimens, had an
IQ≥80 estimated using the Quick Test (Ammons and Ammons, 1962)
or the 2-subtest version of the Wechsler Abbreviated Scale of In-
telligence - Second Edition (WASI-II) (Wechsler, 2011), had not been
abusing substances within the past 3 months prior to study enrollment,
and demonstrated significant cognitive and social disability on the
Cognitive Styles and Social Cognition Eligibility Interview (CSSCEI;
Hogarty et al., 2004). ASD adults were included if they were aged 16 to
45, met criteria for autism or autism spectrum disorder according to the
Autism Diagnostic Observation Schedule (ADOS) (Lord et al., 2001) or
Autism Diagnostic Interview (ADI) (Lord et al., 1994), had an IQ≥80
estimated using the WASI (Wechsler, 1999), had not been abusing
substances within the past 3 months prior to study enrollment, did not
receive a concurrent diagnosis of psychotic disorder according to the
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clinical record, and demonstrated significant cognitive and social dis-
ability on the CSSCEI (Hogarty et al., 2004). Schizophrenia and autism
participants were pooled using baseline data from separate clinical
trials of Cognitive Enhancement Therapy for these conditions. Although
the trials shared many similar measures and characteristics, the age
inclusion criterion was not completely overlapping.

2.2. Measures

The English-language, web-based MSCEIT is a performance-based
battery that assesses four branches of emotional intelligence
(Mayer and Salovey, 1997). The battery consists of eight tasks based on
141 items, with two tasks comprising each branch: (1) Perceiving and
Expressing Emotion (Perceiving Emotion): Faces, Pictures; (2) Assim-
ilating Emotion in Thought (Facilitating Thinking): Facilitation, Sen-
sation; (3) Understanding Emotion: Changes, Blends; (4) Reflectively
Regulating Emotions (Emotion Management): Management, Relations.
MSCEIT is scored using unadjusted consensus norms with a normative
mean (SD) of 100 (15), such that higher scores indicate better emotion
processing. MSCEIT has been validated in normative (Mayer et al.,
2003) and schizophrenia patient (Eack et al., 2010; Kee et al., 2009;
Nuechterlein et al., 2008) populations.

2.3. Procedure

Participants were recruited for studies of Cognitive Enhancement
Therapy in the Pittsburgh region through various outreach efforts in
support groups, community agencies, community mental health cen-
ters, clinics, colleges and universities, online advertisements, prior
studies, and local advocacy groups. Participants underwent diagnostic
interview, IQ, and MSCEIT assessments administered by trained clinical
interviewers and psychometrists. The investigation was carried out in
accordance with the latest version of the Declaration of Helsinki. All
participants provided written informed consent prior to study partici-
pation, in accordance with procedures approved by the University of
Pittsburgh Institutional Review Board.

2.4. Analyses

Data were complete for all eight emotion processing tasks. Given
that none of the measures had absolute skewness greater than 2.0 and
excess kurtosis greater than 7.0 (values often used as suggestive of
moderate non-normality as recommended by West et al. (1995)), scores
for each task were then subjected to CFA in Mplus, version 8
(Muthén and Muthén, 2010) using maximum-likelihood estimation.

CFA is founded on the principle that covariation between measures
is in part attributable to their communality in measuring a latent con-
struct (factor) which cannot be directly measured. In this case, each
factor represents a hypothesized emotion perception domain.
Multigroup CFA is conducted by constraining different sets of para-
meters to equivalence across the two diagnostic groups and examining
differences in the fits of nested models with increasingly restrictive
invariance constraints using the CFI. The CFI comparison was selected
given its robustness to model complexity and sample size as compared
to the chi-square difference test; a difference in CFI≤.01 suggested that
constraining the parameters did not significantly deteriorate model fit,
allowing the null hypothesis of invariance to be retained (Cheung and
Rensvold, 2002). Fit indices aided with examining the extent to which a
factor structure appropriately captures the relationship within and
among factors; model fit was evaluated using the Comparative Fit Index
(CFI), Tucker-Lewis Index (TLI), Root Mean Squared Error of Approx-
imation (RMSEA), and Standardized Root Mean Square Residual
(SRMR), with adequate fit indicated when CFI and TLI≥.90 and good
fit indicated when CFI and TLI≥.95, RMSEA≤.06, and SRMR≤.08
(Hu and Bentler, 1999).

3. Results

3.1. Sample characteristics

The sample was comprised of 103 participants in the schizophrenia
group (80 diagnosed with schizophrenia and 23 with schizoaffective
disorder) and 113 participants in the ASD group. The schizophrenia
sample does not overlap with the smaller schizophrenia sample
(N=64) previously reported in our study of MSCEIT's factor structure
in schizophrenia (Eack et al., 2009). All schizophrenia participants were
taking antipsychotic medication, with an average daily chlorpromazine
equivalent dosage of 446mg (SD=351mg), and 44% had a history of
substance abuse or dependence. Both groups consisted of young adults
aged approximately 24 years, were largely male, Caucasian, and had
attended college. Across groups, participants were similar in age, sex,
race, education, and IQ (see Table 1). Compared to the ASD group,
participants in the schizophrenia group were rated as having greater
disorganization and less rigidity, slightly worse vocational ineffective-
ness, slightly poorer adjustment to disability, and slightly better inter-
personal effectiveness.

3.2. Establishing the factor structure

Means and variances of MSCEIT branches and tasks are presented by
group in Table 1.

To confirm MSCEIT's factor structure in schizophrenia and ASD, the
fits of the most commonly supported models in the literature were
compared, as represented in Fig. 1, where the normative one-factor
model is represented in Panel 1, the two-factor model described in our
initial work (Eack et al., 2009) in Panel 2, the normative two-factor
original model in Panel 3, the normative three-factor model in Panel 4,
and the normative four-factor model in Panel 5. As shown in Table 2,
the one-factor model showed poor fit in schizophrenia (Model O1) and
ASD (Model O2) and fit significantly worse than the two-factor model
described in our initial work (Eack et al., 2009) in schizophrenia (Model
O3) and ASD (Model O4). Compared to the initial two-factor model we
described previously (Eack et al., 2009), the normative two-factor
model showed better fit in schizophrenia (Model O5) and ASD (Model
O6). The three-factor model demonstrated good fit in schizophrenia
(Model O7) but was not admissible in ASD due to negative residual
variance for Changes in ASD. Furthermore, the four-factor model was
not admissible in schizophrenia or ASD due to a lack of positive-definite
matrices resulting from linear dependency between two factors in
schizophrenia and negative residual variance for Changes in ASD. The
normative two-factor model, comprised of an Emotional Experiencing
factor and an Emotional Reasoning factor, was the best-fitting model
that was admissible in both schizophrenia and ASD, was more parsi-
monious than the three-factor model, and showed better fit than the
original two-factor model (Eack et al., 2009). Thus, the normative two-
factor model was selected for further analyses.

3.3. Establishing factorial invariance

The normative two-factor model was optimized in schizophrenia to
better allocate the variation in measures that may be attributable to
factors. In particular, error covariance was specified by allowing a
measure's error variance to correlate with another measure's error
variance within and across factors. Investigating pairs of measures
which hypothetically share method variance (e.g. similarities in task
stimuli or administration) or emotion perception domain variance (e.g.
informing multiple emotion perception domains), the most theoreti-
cally informed and parsimonious set of measures were allowed to cor-
relate with each other to improve model fit. Once its fit was optimized
in schizophrenia, the fit of this baseline model was subsequently eval-
uated in ASD. When the same baseline model shows good fit in schi-
zophrenia and ASD, separately, multigroup CFA can be initiated.
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Two adjustments were introduced to the normative two-factor
model to optimize its fit: (1) Within the Emotional Reasoning factor,
errors were allowed to correlate between Changes and Blends, as both
measure abilities involved in understanding emotions; and (2) Errors
were also allowed to correlate between Management and Relations
within the Emotional Reasoning factor, as both measure abilities in-
volved in managing emotions (Mayer et al., 2003). With these mod-
ifications, the two-factor model demonstrated good fit in schizophrenia
(Model O7) and ASD (Model O8). This two-factor model showed
identical fit to the three-factor model in schizophrenia and is depicted
in Fig. 1, Panel 6. As shown in Table 3, standardized factor loadings for
all indicators were moderate to high in both groups, ranging from 0.590
to 0.730 in schizophrenia and from 0.361 to 0.854 in ASD.

3.4. Establishing measurement invariance

Results of factorial, measurement, and structural invariance tests
and descriptions of fit for all models are summarized in Table 4.

Configural invariance was confirmed when the measures loaded
onto the same factors across groups. Here, all factor loadings were
freely estimated in an unconstrained model, and the same pattern of
loadings adequately captured performance across groups. This estab-
lishes that one group does not consider a measure to inform a different
emotion perception domain than the other group. Without any con-
strained parameters across groups, the modified two-factor model
showed good fit across groups and served as the baseline model for
multigroup comparisons (Model 1), indicating that MSCEIT shows the
same model structure across schizophrenia and ASD.

Across all subsequent analyses, identification of the models (en-
suring a sufficient balance of freed and fixed parameters to estimate the

Table 1
Demographic and performance characteristics across groups.

Schizophrenia (N=103) ASD (N=113)
Characteristic Mean (SD) Mean (SD) Statistic p df

Demographic
Age 24.83 (5.38) 24.80 (6.65) 0.002 .969 214
Sex 72% 81% 2.263 .133 1
Race 58% 68% 1.865 .172 1
Education 75% 69% 0.663 .416 1
IQ 106.63 (12.54) 108.85 (14.68) 1.361 .245 213
Substance Use History 44% – – – –
Cognitive Style Deficits
Impoverishment 12.05 (1.51) 11.60 (1.85) 3.727 .055 210
Disorganization 11.35 (1.41) 10.79 (2.11) 5.123 .025 210
Rigidity 10.08 (1.62) 10.63 (1.85) 5.308 .022 210
Social Cognitive Deficits
Vocational Ineffectiveness 4.10 (0.54) 3.83 (0.73) 9.063 .003 209
Interpersonal Ineffectiveness 4.05 (0.52) 4.21 (0.47) 5.162 .024 209
Lack of Foresight 4.05 (0.46) 3.96 (0.60) 1.347 .247 209
Gist Extraction Deficits 3.97 (0.46) 4.03 (0.34) 1.058 .305 209
Lack of Adjustment to Disability 3.75 (0.56) 3.54 (0.58) 6.600 .011 209
MSCEIT Branch
Perceiving Emotions 99.94 (19.58) 104.70 (15.30) 3.999 .047 214
Facilitating Thinking 95.24 (15.54) 95.81 (14.22) 0.078 .780 214
Understanding Emotion 90.33 (12.06) 93.94 (11.96) 4.861 .029 214
Emotional Management 90.46 (12.03) 91.70 (9.52) 0.713 .399 214
MSCEIT Task
Faces 110.24 (27.50) 115.58 (24.07) 2.312 .130 214
Pictures 95.11 (13.92) 98.44 (12.99) 3.310 .070 214
Facilitation 101.35 (17.91) 100.40 (17.20) 0.159 .691 214
Sensation 93.43 (12.61) 94.35 (10.67) 0.338 .562 214
Changes 90.58 (11.69) 94.71 (12.57) 6.225 .013 214
Blends 92.54 (11.24) 94.44 (9.97) 1.734 .189 214
Management 92.67 (11.45) 92.00 (8.29) 0.248 .619 214
Relations 89.82 (11.50) 92.05 (10.13) 2.298 .131 214

Note. Results of one-way Type III ANOVAs are presented for age, IQ, emotion perception domains and standardized cognitive measures, whereas chi-square tests are
reported for sex (% male), race (% Caucasian), and education (% attended some college).
Cognitive style and social cognitive deficits are rated on Likert scales ranging from 1 (rare) to 5 (very severe) by clinicians using the Cognitive Styles and Social
Cognition Eligibility Interview (CSSCEI; Hogarty et al., 2004). Cognitive style deficits are rated on three dimensions (basic impairment, functional disability, and
social handicap), such that the summary scores for each cognitive style deficit can range from 3 to 15. Social cognitive deficits are rated for each dimension.
Eligibility interview data for five participants were missing.
Description of MSCEIT Tasks (Mayer et al., 2003).
Perceiving Emotions:
The Faces task measures the participant's ability to identify emotions when presented with facial expressions.
The Pictures task measures the participant's ability to identify emotions when presented with images and landscapes.
Facilitating Thinking:
The Facilitation task measures the participant's understanding of how emotions can interact with thoughts.
The Sensation task measures the participant's understanding of how emotions can be associated with sensations.
Understanding Emotion:
The Changes task measures the participant's understanding of how emotions can transition within a presented situation.
The Blends task measures the participant's understanding of how emotions can be combined within a presented situation.
Emotional Management:
The Management task measures the participant's ability to integrate emotions into personal decision-making processes.
The Relations task measures the participant's ability to integrate emotions into decision-making processes that involve others.
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factor structure) was established by setting a measure's loading in each
factor to one in both groups; this measure was the reference loading for
standardizing the other measures’ loadings. When full metric invariance
was not supported (i.e. model fit deteriorated significantly after setting

additional constraints), the parameter for each measure was con-
strained to equivalence across groups one at a time. The fit of this
model was compared against the fit of the previous model that had not
shown significant deterioration in model fit, and the parameter

Fig. 1. Path diagrams depicting the candidate factor models of MSCEIT.
Panel 1: 1-factor model. Panel 2: 2-factor model initially confirmed in Eack et al. (2009). Panel 3: 2-factor model. Panel 4: 3-factor model. Panel 5: 4-factor model.
Panel 6: Modified 2-factor model with correlated errors, which was used as the configural model.
Description of MSCEIT Tasks (Mayer et al., 2003):
The Faces task measures the participant's ability to identify emotions when presented with facial expressions.
The Pictures task measures the participant's ability to identify emotions when presented with images and landscapes.
The Facilitation task measures the participant's understanding of how emotions can interact with thoughts.
The Sensation task measures the participant's understanding of how emotions can be associated with sensations.
The Changes task measures the participant's understanding of how emotions can transition within a presented situation.
The Blends task measures the participant's understanding of how emotions can be combined within a presented situation.
The Management task measures the participant's ability to integrate emotions into personal decision-making processes.
The Relations task measures the participant's ability to integrate emotions into decision-making processes that involve others.

Table 2
Candidate models tested separately using CFA in schizophrenia and ASD.

Model Comparison χ2 df p CFI ΔCFI TLI RMSEA SRMR Decision

Within-Group Models
O1. Schizophrenia – 1 factor model – 57.122 20 <.001 0.839 – 0.775 0.134 0.075 Reject
O2. ASD – 1 factor model – 76.752 20 <.001 0.761 – 0.666 0.158 0.081 Reject
O3. Schizophrenia – 2 factor model by Eack et al. (2009) O3 to O1 45.162 19 <.001 0.887 0.048 .833 0.116 0.077 Reject
O4. ASD – 2 factor model by Eack et al. (2009) O4 to O2 62.098 19 <.001 0.819 0.058 0.733 0.142 0.092 Reject
O5. Schizophrenia – 2 factor original model O5 to O3 39.193 19 .004 0.913 0.026 0.871 0.102 0.060 Modify
O6. ASD – 2 factor original model O6 to O4 66.706 19 <.001 0.799 0.020 0.704 0.149 0.075 Modify
O7. Schizophrenia – 2 factor modified model O7 to O5 23.197 17 .143 0.973 0.060 0.956 0.059 0.049 Accept
O8. ASD – 2 factor modified model O8 to O6 25.034 17 .094 0.966 0.167 0.944 0.065 0.048 Accept
O9. Schizophrenia – 3 factor model O9 to O7 23.197 17 .143 0.973 0.000 0.956 0.059 0.049 –

Note. CFI: Comparative Fit Index; TLI: Tucker-Lewis Index; RMSEA: Root Mean Squared Error of Approximation; SRMR: Standardized Root Mean Square Residual.
Adequate fit is indicated when CFI and TLI≥.90 and good fit indicated when CFI and TLI≥0.95, RMSEA≤0.06, and SRMR≤.08 (Hu and Bentler, 1999).
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equivalence was retained if the model fit did not differ significantly
from the comparison model's fit. This procedure was reiterated for all
parameters until a model with invariant parameters was finalized, thus
establishing partial metric invariance.

Metric invariance was confirmed when constraining factor loadings
of the configural-invariant model to equivalence across groups did not
significantly deteriorate the fit relative to the configural-invariant
model, indicating that both groups attribute similar levels of im-
portance for each measure within its respective factor. This establishes
that one group does not consider one measure to be more dominant
within an emotion perception domain compared to the other group.
Constraining all factor loadings to equality in schizophrenia and ASD
significantly deteriorated model fit (Model 2). For loadings other than
the reference indicator, where the CFI comparison indicated that the
factor loading was equivalent across groups, the loading was con-
strained to equivalence, and the next loading was tested for loading
equivalence (Milfont and Fischer, 2010). Thus, in these stepwise tests,
partial metric invariance was established for MSCEIT across schizo-
phrenia and ASD (Model 3). This indicated that schizophrenia and ASD
participants respond in the same way for all MSCEIT tasks assessing the
constructs of Emotional Experiencing and Emotional Reasoning except
for the Facilitation and Management tasks. In other words, an increase
in the emotion perception domain score is associated with a comparable
increase in its respective measures except for Facilitation and Man-
agement in both groups.

Scalar invariance was then confirmed when additionally con-
straining intercepts of the metric-invariant model to equivalence across
groups did not significantly deteriorate the fit relative to the metric-
invariant model, indicating that both groups show equivalent values of
a measure when the mean of its respective factor is set to zero. This

establishes that one group does not show a different predicted value for
a measure compared to the other group for a given emotion perception
domain score. For measures with invariant factor loadings, all inter-
cepts were constrained to equality across schizophrenia and ASD
without significantly deteriorating model fit (Model 4). Thus, partial
scalar invariance was established for MSCEIT, indicating that a given
emotion perception domain score is associated with comparable values
of its respective measures except for Facilitation and Management in
both groups.

Taken together, the preceding analyses demonstrate that the groups
operationalize the measures similarly and that mean differences are not
attributable to response bias (Meredith, 1993). An additional mea-
surement invariance analysis was subsequently conducted: error var-
iance invariance was confirmed when constraining the residual var-
iances and covariances of the measures to equivalence across groups for
the scalar-invariant model did not significantly deteriorate the fit re-
lative to the scalar-invariant model, indicating that both groups show
similar levels of variance and covariances among measures that are not
explained by their respective factors. This establishes that one group
does not have more variance in a measure that is not explained by its
respective emotion perception domain compared to the other group.
For measures with invariant factor loadings and intercepts, residual
variances and covariances of measures were constrained to equality in
schizophrenia and ASD. All error variances were constrained to equality
across schizophrenia and ASD without deteriorating model fit. How-
ever, constraining covariances between Changes and Blends and be-
tween Management and Relations significantly deteriorated model fit.
Partial error invariance was thus established across groups (Model 5),
indicating that performance in a measure that is not explained by its
respective emotion processing domain is generally similar in both
groups, except for that of Facilitation and Management, and the inter-
correlations in this residual performance variability for two pairs of
measures (Changes and Blends, Management and Relations) differs
between groups.

Overall, the results of these analyses suggest that parameters for
most MSCEIT measures are invariant across schizophrenia and ASD,
indicating that individuals with these neurodevelopmental disorders
attribute similar meaning to MSCEIT measures except for Facilitation
and Management tasks. Given the small proportion of non-equivalent
intercepts and that the invariant intercepts were not uniformly higher
in one group than the other (Chen, 2008), the regression weights and
expected values of MSCEIT measures in relation to the two emotion
perception domains can be meaningfully interpreted in comparisons
across schizophrenia and ASD. Thus, the final set of analyses focused on
examining MSCEIT's structural invariance across schizophrenia and
ASD.

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

Factor Task Invariant Schizophrenia ASD

Standardized Loadings
Emotional Experiencing Faces Yes 0.636* 0.557*

Pictures Yes 0.605* 0.379*
Facilitation No 0.606* 0.854*
Sensation Yes 0.590* 0.389*

Emotional Reasoning Changes Yes 0.730* 0.584*
Blends Yes 0.592* 0.361*
Management No 0.634* 0.517*
Relations Yes 0.676* 0.833*

Standardized Covariances (Correlations)
Changes/Blends No 0.205 0.552*
Management/Relations No 0.426* 0.298
Emotional Experiencing/

Emotional Reasoning
Yes 0.751* 0.805*

Note. *parameter significant at p < .05.

Table 4
Fit indexes across models of measurement invariance and structural invariance.

Model Comparison χ2 df p CFI ΔCFI TLI RMSEA SRMR Decision

Measurement Invariance
1. Full configural invariance (baseline): Equivalent form across groups – 48.231 34 .054 .970 – .950 .062 .048 Accept
2. Full metric invariance: Equivalent factor loadings across groups 2 to 1 66.939 40 .005 .943 .027 .920 .079 .132 Modify
3. Partial metric invariance: Invariant factor loadings constrained to equivalence across

groups
3 to 1 52.155 38 .063 .970 <.001 .956 .059 .075 Accept

4. Partial scalar invariance: Invariant factor loadings and intercepts constrained to
equivalence across groups

4 to 3 60.248 44 .052 .965 .005 .956 .058 .097 Accept

Structural Invariance
5. Full factor variance invariance: Equivalent factor variances across groups 5 to 1 49.665 36 .064 .971 .001 .955 .059 .068 Accept
6. Full factor covariance invariance: Equivalent factor variances and covariances across

groups
6 to 5 49.867 37 .077 .973 .002 .958 .057 .065 Accept

Note. CFI: Comparative Fit Index; TLI: Tucker-Lewis Index; RMSEA: Root Mean Squared Error of Approximation; SRMR: Standardized Root Mean Square Residual.
Adequate fit is indicated when CFI and TLI ≥ 0.90 and good fit indicated when CFI and TLI ≥ 0.95, RMSEA ≤ 0.06, and SRMR ≤ 0.08 (Hu and Bentler, 1999).
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3.5. Establishing structural invariance

To identify the structural-invariant model, factor variances were set
to one and the mean of a factor for one group was set to zero. This
group became the reference group, with each estimated parameter re-
presenting the deviation from the reference group's mean. Structural
invariance was confirmed when factor variances and covariances are
invariant across groups, suggesting that both groups show similar levels
of variation within and across factors. This establishes that one group
does not show more variance in an emotion perception domain nor
more covariation across emotion perception domains compared to the
other group. Using the configural model as the baseline model, con-
straining both factor variances to equality across schizophrenia and
ASD did not significantly deteriorate model fit (Model 6). Good model
fit was retained after additionally constraining the factor covariance to
equality across schizophrenia and ASD (Model 7). Thus, MSCEIT's full
structural invariance was established across schizophrenia and ASD,
indicating that the two emotion perception domains and their re-
lationship with each other are equivalent across these neurodevelop-
mental disorders.

Given that the age range differed between groups, invariance ana-
lyses were also conducted in the subsample of participants within the
overlapping age range (18–45) (N=101 schizophrenia and 103 ASD).
The overall pattern of results remained similar in this subsample (see
Supplemental Table 1).

4. Discussion

Extending the results of prior studies in schizophrenia (Eack et al.,
2009; Lin et al., 2012), this study demonstrated that MSCEIT is re-
presented by a two-factor structure in schizophrenia and ASD, com-
prised of Emotional Experiencing and Emotional Reasoning. To our
knowledge, this study is the first extend MSCEIT's structure across these
neurodevelopmental disorders, confirming MSCEIT's partial measure-
ment invariance and full structural invariance in schizophrenia and
ASD.

In contrast to prior work examining MSCEIT's factor structure in
schizophrenia (Eack et al., 2009; Lin et al., 2012), where tasks involved
in perceiving and understanding emotions loaded onto an emotional
knowledge factor and tasks involved in facilitating and managing
emotions loaded onto an emotion regulation factor, the two-factor
model confirmed in this study indicated greater overlap among tasks
involved in perceiving and using emotions loading onto an emotional
experiencing factor and overlap among tasks involved in understanding
and managing emotions loading onto an emotional reasoning factor.
The current two-factor model aligns with the two-area emotional in-
telligence (EI) structure of MSCEIT proposed in normative samples by
Mayer et al. (2003), with the Emotional Experiencing factor indicated
by Experiential EI tasks and the Emotional Reasoning factor indicated
by Strategic EI tasks. The two pairs of tasks that were allowed to cor-
relate within the Emotional Reasoning factor were separated into two
factors of Understanding Emotions and Managing Emotions in the
three- and four-factor models. The excessively high intercorrelation of
these two factors rendered the four-factor model inadmissible in schi-
zophrenia, and the Understanding Emotion factor encompassed ex-
cessive variance on the Changes task in ASD, rendering the three- and
four-factor models inadmissible in ASD. One possible reason why these
two pairs of tasks show residual covariation is that the two-factor
structure was based on a model which was originally confirmed in
normative samples. This possibility is further supported by the finding
that one of these emotional reasoning tasks (Changes) is the only task to
show cross-group mean differences. Thus, although these two pairs of
tasks show unique variance that can be parsed into two underlying
constructs of emotional understanding and emotional management in
normative samples (Fan et al., 2010), these pairs of tasks measure a
single underlying construct of emotional reasoning in schizophrenia

and ASD. To the extent that the factors reflect shared conceptual var-
iance beyond shared method variance in these tasks, this finding sug-
gests emotional reasoning may be less differentiated in these neuro-
developmental disorders than in controls.

The measurement model for MSCEIT was partially invariant across
schizophrenia and ASD. Although the majority of tasks showed in-
variant factor loadings across schizophrenia and ASD, two factor
loadings were noninvariant. Thus, in interpreting comparisons of the
factor means and task scores for MSCEIT across schizophrenia and ASD,
it is necessary to acknowledge differences between schizophrenia and
ASD in the relative importance of the two noninvariant tasks on the
respective factors. In particular, using emotions to facilitate actions
(Facilitation) is particularly important for emotional experiencing in
ASD compared to schizophrenia, whereas managing emotions in oneself
and others (Management) is particularly important for emotional rea-
soning in schizophrenia compared to ASD. Notably, MSCEIT's
Management branch (Management and Relations) are the only social
cognitive measures in the MATRICS Consensus Cognitive Battery for
cognitive assessment in schizophrenia (Nuechterlein et al., 2008).

The structural model for MSCEIT was fully invariant across schi-
zophrenia and ASD, indicating that these neurodevelopmental disorders
are associated with similar levels of variability and covariation in
emotional experiencing and emotional reasoning abilities. Emotional
experiencing and emotional reasoning were highly correlated in both
schizophrenia (r=0.751) and ASD (r=0.805). Thus, across these
neurodevelopmental disorders, skills involved in experiencing emotions
are highly related with skills involved in reasoning about emotions.
Taken together, schizophrenia and ASD show substantial overlap in the
conceptualization of emotion processing as assessed using MSCEIT,
extending previous literature demonstrating similar social cognitive
deficits across these disorders (Sugranyes et al., 2011).

Overall, the results of multigroup CFA show that most MSCEIT
scales, except for Facilitation and Emotions, can be validly compared
across schizophrenia and autism. Thus, transdiagnostic comparisons of
emotion perception abilities can be conducted using MSCEIT.

4.1. Considerations

This large, community-based sample in this study bears several
strengths, including the narrow diagnostic criteria for both groups, the
similarities between groups on key demographic characteristics, and
the wide range of performance levels assessed in both groups.
Compared to the schizophrenia sample in our original study
(Eack et al., 2009), the schizophrenia sample in the current study is
almost twice as large and adequately powered for testing structural
models of MSCEIT.

However, certain limitations should be noted. Although mean age
did not differ between the two groups and analyses in the subsample of
participants within the overlapping age range did not change the
overall pattern of results, emotion perception may change with age in
different ways between ASD and schizophrenia (Fernandes et al., 2018).
Furthermore, our sample consists of community-residing adults with
ASD or schizophrenia who demonstrate significant cognitive and social
disability. Thus, the ASD and schizophrenia groups may be more similar
to each other than the broader population of adults with ASD and adults
with schizophrenia, though some differences were observed in cogni-
tive and social functioning across groups. Although few studies to date
have directly compared cognitive or social deficits across ASD and
schizophrenia, studies within diagnoses suggest that adults with ASD
demonstrate similar levels of impairment in social functioning to adults
with schizophrenia (Chamak and Bonniau, 2016; Velthorst et al., 2016).
Overall, the deficits in cognitive and social functioning across the ASD
and schizophrenia groups in our sample align with prior studies of
adults with ASD and adults with schizophrenia.

Similarly, given that the ASD group was restricted to verbal adults,
these findings may not generalize to non-verbal ASD adults and those
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with comorbid intellectual disability. In addition, only schizophrenia
patients were assessed for substance abuse history, so it is unclear
whether the ASD participants show similar levels of heterogeneity in
substance abuse history compared to controls. Furthermore, all schi-
zophrenia participants were stabilized on antipsychotic medication,
which may affect social cognitive performance, though the effects of
antipsychotic medication on social cognition are mixed (Kucharska-
Pietura and Mortimer, 2013). More importantly, despite these possible
differences between groups, structural invariance was established,
supporting the generalizability of MSCEIT's factor structure across
schizophrenia and ASD.

4.2. Applications

To compare emotion perception domain performance across schi-
zophrenia and ASD for individuals who have completed the entire
MSCEIT, 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 emotion perception domain factor
score.

4.3. Implications

Aligning with emerging advances in studying transdiagnostic fea-
tures of psychiatric and developmental disorders (Insel et al., 2010),
our findings indicate that MSCEIT measurement of emotion perception
is largely generalizable across ASD and schizophrenia. Our recent re-
port of emotion processing improvements in ASD adults following
Cognitive Enhancement Therapy is among the first to indicate that
emotion perception in ASD adults can markedly improve through
therapeutic approaches that have a proven track record of improving
emotion perception in schizophrenia adults (Eack et al., 2018). To this
end, we hope that MSCEIT's adoption for treatment evaluation in
schizophrenia and ASD adults will spur the standardization of evidence-
based treatments across the autism-schizophrenia spectrum.

Declarations of interest

None.

Funding

This research was supported by the Canadian Institutes of Health
Research (S.S.K., Doctoral Foreign Study Award); National Institutes of
Health (M.S.K. and S.M.E., MH-92440; S.M.E., MH-8585; S.M.E., MH-
95783; S.M.E., RR-24154; and S.M.E., DA-30763); Autism Speaks
(S.M.E., 5703); and the Department of Defense (S.M.E., AR100344).
The funding sources were not involved in the collection, analysis, in-
terpretation of the data, the writing of the report, nor the decision to
submit the article for publication.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.psychres.2019.05.011.

References

Ammons, R.B., Ammons, C.H., 1962. Quick Test (QT): provisional manual. Psychol. Rep.
11 (1), 111–161 (Monograph Supplement I-VII).

Baron-Cohen, S., Wheelwright, S., 2004. The empathy quotient: an investigation of adults
with Asperger syndrome or high functioning autism, and normal sex differences. J.
Autism Dev. Disord. 34 (2), 163–175.

Boily, R., Kingston, S.E., Montgomery, J.M., 2017. Trait and ability emotional intelligence
in adolescents with and without autism spectrum disorder. Can. J. School Psychol. 32
(3–4), 282–298.

Chamak, B., Bonniau, B., 2016. Trajectories, long-term outcomes and family experiences
of 76 adults with autism spectrum disorder. J. Autism Dev. Disord. 46 (3),

1084–1095.
Chen, F.F., 2008. What happens if we compare chopsticks with forks? The impact of

making inappropriate comparisons in cross-cultural research. J. Personal. Social
Psychol. 95 (5), 1005–1018.

Cheung, G.W., Rensvold, R.B., 2002. Evaluating goodness-of-fit indexes for testing mea-
surement invariance. Struct. Equ. Model. 9 (2), 233–255.

Couture, S.M., Penn, D.L., Losh, M., Adolphs, R., Hurley, R., Piven, J., 2010. Comparison
of social cognitive functioning in schizophrenia and high functioning autism: more
convergence than divergence. Psychol. Med. 40 (4), 569–579.

DeTore, N.R., Mueser, K.T., McGurk, S.R., 2018. What does the Managing Emotions
branch of the MSCEIT add to the MATRICS consensus cognitive battery? Schizophr.
Res. 197, 414–420.

Dodell-Feder, D., Tully, L.M., Lincoln, S.H., Hooker, C.I., 2014. The neural basis of theory
of mind and its relationship to social functioning and social anhedonia in individuals
with schizophrenia. NeuroImage 4, 154–163.

Eack, S.M., Bahorik, A.L., McKnight, S.A., Hogarty, S.S., Greenwald, D.P., Newhill, C.E.,
Phillips, M.L., Keshavan, M.S., Minshew, N.J., 2013a. Commonalities in social and
non-social cognitive impairments in adults with autism spectrum disorder and schi-
zophrenia. Schizophr. Res. 148 (1–3), 24–28.

Eack, S.M., Greeno, C.G., Pogue-Geile, M.F., Newhill, C.E., Hogarty, G.E., Keshavan, M.S.,
2010. Assessing social-cognitive deficits in schizophrenia with the
Mayer–Salovey–Caruso Emotional Intelligence Test. Schizophr. Bull. 36 (2),
370–380.

Eack, S.M., Greenwald, D.P., Hogarty, S.S., Bahorik, A.L., Litschge, M.Y., Mazefsky, C.A.,
Minshew, N.J., 2013b. Cognitive enhancement therapy for adults with autism spec-
trum disorder: results of an 18-month feasibility study. J. Autism Dev. Disord. 43
(12), 2866–2877.

Eack, S.M., Hogarty, S.S., Greenwald, D.P., Litschge, M.Y., Porton, S.A., Mazefsky, C.A.,
Minshew, N.J., 2018. Cognitive enhancement therapy for adult autism spectrum
disorder: results of an 18-month randomized clinical trial. Autism Res. 11 (3),
519–530.

Eack, S.M., Pogue-Geile, M.F., Greeno, C.G., Keshavan, M.S., 2009. Evidence of factorial
variance of the Mayer–Salovey–Caruso Emotional Intelligence Test across schizo-
phrenia and normative samples. Schizophr. Res. 114 (1), 105–109.

Fan, H.Y., Jackson, T., Yang, X.G., Tang, W.Q., Zhang, J.F., 2010. The factor structure of
the Mayer–Salovey–Caruso Emotional Intelligence Test V 2.0 (MSCEIT): a meta-
analytic structural equation modeling approach. Personal. Individ. Differ. 48 (7),
781–785.

Fernandes, J.M., Cajao, R., Lopes, R., Jeronimo, R., Barahona-Correa, J.B., 2018. Social
cognition in schizophrenia and autism spectrum disorders: a systematic review and
meta-analysis of direct comparisons. Front. Psychiatry 9, 504.

Fett, A.K., Viechtbauer, W., Dominguez, M.D., Penn, D.L., van Os, J., Krabbendam, L.,
2011. The relationship between neurocognition and social cognition with functional
outcomes in schizophrenia: a meta-analysis. Neurosci. Biobehav. Rev. 35 (3),
573–588.

First, M.B., Spitzer, R.L., Gibbon, M., Williams, J.B., 1995. Structured Clinical Interview
For DSM-IV Axis I disorders. New York State Psychiatric Institute, New York.

Frajo-Apor, B., Pardeller, S., Kemmler, G., Welte, A.S., Hofer, A., 2016. Emotional
Intelligence deficits in schizophrenia: the impact of non-social cognition. Schizophr.
Res. 172 (1–3), 131–136.

Green, M.F., Olivier, B., Crawley, J.N., Penn, D.L., Silverstein, S., 2005. Social cognition
in schizophrenia: recommendations from the measurement and treatment research to
improve cognition in schizophrenia new approaches conference. Schizophr. Bull. 31
(4), 882–887.

Hogarty, G.E., Flesher, S., Ulrich, R., Carter, M., Greenwald, D., Pogue-Geile, M.,
Kechavan, M., Cooley, S., DiBarry, A.L., Garrett, A., Parepally, H., Zoretich, R., 2004.
Cognitive enhancement therapy for schizophrenia: effects of a 2-year randomized
trial on cognition and behavior. Arch. General Psychiatry 61 (9), 866–876.

Hu, L., Bentler, P.M., 1999. Cutoff criteria for fit indexes in covariance structure analysis:
conventional criteria versus new alternatives. Struct. Equ. Model. 6 (1), 1–55.

Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D.S., Quinn, K., Sanislow, C., Wang,
P., 2010. Research domain criteria (RDoC): toward a new classification framework
for research on mental disorders. Am. Psychiatr. Assoc. 167 (7), 748–751.

Kee, K.S., Horan, W.P., Salovey, P., Kern, R.S., Sergi, M.J., Fiske, A.P., Lee, J., Subotnik,
K.L., Nuechterlein, K., Sugar, C.A., Green, M.F., 2009. Emotional intelligence in
schizophrenia. Schizophr. Res. 107 (1), 61–68.

Kucharska-Pietura, K., Mortimer, A., 2013. Can antipsychotics improve social cognition in
patients with schizophrenia? CNS Drugs 27 (5), 335–343.

Lord, C., Rutter, M., Le Couteur, A., 1994. Autism diagnostic interview-revised: a revised
version of a diagnostic interview for caregivers of individuals with possible pervasive
developmental disorders. J. Autism Dev. Disord. 24 (5), 659–685.

Lord, C., Rutter, M., DiLavore, P.C., Risi, S., Gotham, K., Bishop, S.L., 2001. Autism di-
agnostic observation schedule (ADOS): manual. Western Psychol. Serv. 30 (3),
205–223.

Lin, Y.C., Wynn, J.K., Hellemann, G., Green, M.F., 2012. Factor structure of emotional
intelligence in schizophrenia. Schizophr. Res. 139 (1–3), 78–81.

Lindenmayer, J.P., McGurk, S.R., Khan, A., Kaushik, S., Thanju, A., Hoffman, L., Valdez,
G., Wance, D., Herrmann, E., 2013. Improving social cognition in schizophrenia: a
pilot intervention combining computerized social cognition training with cognitive
remediation. Schizophr. Bull. 39 (3), 507–517.

Mayer, J.D., Salovey, P., 1997. What is emotional intelligence? In: Sluyter, P.S.D. (Ed.),
Emotional Development and Emotional Intelligence: Educational implications. Basic
Books, New York, pp. 3–31.

Mayer, J.D., Salovey, P., Caruso, D.R., Sitarenios, G., 2003. Measuring emotional in-
telligence with the MSCEIT V2.0. Emotion 3 (1), 97–105.

McCleery, A., Lee, J., Fiske, A.P., Ghermezi, L., Hayata, J.N., Hellemann, G.S., Horan,
W.P., Kee, K.S., Kern, R.S., Knowlton, B.J., Subotnik, K.L., Ventura, J., Sugar, C.A.,
Nuechterlein, K.H., Green, M.F., 2016. Longitudinal stability of social cognition in
schizophrenia: a 5-year follow-up of social perception and emotion processing.
Schizophr. Res. 176 (2–3), 467–472.

S.S. Kuo, et al. Psychiatry Research 278 (2019) 116–124

123

https://doi.org/10.1016/j.psychres.2019.05.011
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0003
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0003
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0003
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0004
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0005
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0005
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0005
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0006
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0006
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0007
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0007
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0007
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0008
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0008
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0008
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0009
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0009
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0009
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0010
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0011
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0013
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0014
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0014
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0014
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0015
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0018
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0019
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0019
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0019
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0020
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0020
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0020
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0020
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0022
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0022
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0023
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0023
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0023
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0024
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0024
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0024
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0025
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0025
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0026
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0026
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0026
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0029
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0029
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0029
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0027
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0027
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0028
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0028
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0028
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0028
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0030
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0031
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0031
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0032
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0032


Meredith, W., 1993. Measurement invariance, factor analysis and factorial invariance.
Psychometrika 58 (4), 525–543.

Milfont, T.L., Fischer, R., 2010. Testing measurement invariance across groups: applica-
tions in crosscultural research. Int. J. Psychol. Res. 3 (1), 111–130.

Muthén, L.K., Muthén, B.O., 2010. Mplus: Statistical analysis With Latent variables: User's
guide. Muthén & Muthén, Los Angeles.

Nuechterlein, K.H., Green, M.F., Kern, R.S., Baade, L.E., Barch, D.M., Cohen, J.D., Essock,
S., Fenton, W.S., Frese 3rd, F.J., Gold, J.M., Goldberg, T., Heaton, R.K., Keefe, R.S.,
Kraemer, H., Mesholam-Gately, R., Seidman, L.J., Stover, E., Weinberger, D.R.,
Young, A.S., Zalcman, S., Marder, S.R., 2008. The MATRICS Consensus Cognitive
Battery, part 1: test selection, reliability, and validity. Am. J. Psychiatry 165 (2),
203–213.

Otsuka, S., Uono, S., Yoshimura, S., Zhao, S., Toichi, M., 2017. Emotion perception
mediates the predictive relationship between verbal ability and functional outcome
in high-functioning adults with autism spectrum disorder. J. Autism Dev. Disord. 47
(4), 1166–1182.

Penn, D.L., Sanna, L.J., Roberts, D.L., 2008. Social cognition in schizophrenia: an over-
view. Schizophr. Bull. 34 (3), 408–411.

Pinkham, A.E., Harvey, P.D., Penn, D.L., 2018. Social Cognition Psychometric Evaluation:
results of the final validation study. Schizophr. Bull. 44 (4), 737–748.

Savla, G.N., Vella, L., Armstrong, C.C., Penn, D.L., Twamley, E.W., 2013. Deficits in

domains of social cognition in schizophrenia: a meta-analysis of the empirical evi-
dence. Schizophr. Bull. 39 (5), 979–992.

Sugranyes, G., Kyriakopoulos, M., Corrigall, R., Taylor, E., Frangou, S., 2011. Autism
spectrum disorders and schizophrenia: meta-analysis of the neural correlates of social
cognition. PloS One 6 (10), e25322.

Uljarevic, M., Hamilton, A., 2013. Recognition of emotions in autism: a formal meta-
analysis. J. Autism Dev. Disord. 43 (7), 1517–1526.

Velthorst, E., Reichenberg, A., Kapra, O., Goldberg, S., Fromer, M., Fruchter, E., Ginat, K.,
de Haan, L., Davidson, M., Weiser, M., 2016. Developmental trajectories of impaired
community functioning in schizophrenia. JAMA Psychiatry 73 (1), 48–55.

Wechsler, D., 1999. Wechsler Abbreviated Scale of Intelligence (WASI). The Psychological
Corporation, San Antonio, TX.

Wechsler, D., 2011. Wechsler Abbreviated Scale of Intelligence- Second Edition (WASI-II).
NCS Pearson, San Antonio, TX.

West, S.G., Finch, J.F., Curran, P.J., 1995. Structural equation models with nonnormal
variables: Problems and remedies. In: Hoyle, R.H. (Ed.), Structural equation mod-
eling: concepts, issues, and applications Sage Publications, Inc., Thousand Oaks, CA,
US, pp. 56–75.

Wykes, T., Huddy, V., Cellard, C., McGurk, S.R., Czobor, P., 2011. A meta-analysis of
cognitive remediation for schizophrenia: methodology and effect sizes. Am. J.
Psychiatry 168 (5), 472–485.

S.S. Kuo, et al. Psychiatry Research 278 (2019) 116–124

124

http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0033
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0033
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0037
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0038
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0039
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0040
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0040
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0041
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0041
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0041
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0042
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0042
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0042
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0043
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0043
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0045
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0045
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0045
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0046
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0046
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0047
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0047
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0010a
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0010a
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0010a
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0010a
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0048
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0048
http://refhub.elsevier.com/S0165-1781(19)30001-0/sbref0048

	Establishing a standard emotion processing battery for treatment evaluation in adults with autism spectrum disorder: Evidence supporting the Mayer–Salovey–Caruso Emotion Intelligence Test (MSCEIT)
	Introduction
	Methods
	Participants
	Measures
	Procedure
	Analyses

	Results
	Sample characteristics
	Establishing the factor structure
	Establishing factorial invariance
	Establishing measurement invariance
	Establishing structural invariance

	Discussion
	Considerations
	Applications
	Implications

	mk:H1_18
	Funding
	mk:H1_20
	Supplementary materials
	References




