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ARTICLE INFO ABSTRACT

No. of reviews completed 2 Background: Children with autism spectrum disorder (ASD) have high rates of co-occurring

Keywords: emotional and behavioral problems. The Child Behavior Checklist (CBCL) has been used to assess

Child behavior checklist emotional and behavioral functioning in many large-scale studies of children with ASD.

Autism spectrum disorder However, the previously established factor model may account for symptom patterns differently

Measurement invariance in children with concurrent intellectual disability (ID).

Intellectual disability Method: In a sample of children with ASD, a multi-group nested confirmatory factor analysis was
used to compare participant groups with and without concurrent ID on each of the subscales of
the CBCL.

Results: In almost all of the subscales, children with ASD and concurrent ID exhibit different
baseline levels, measurement error, and overall predictive ability on the behavioral and emo-
tional problems of the CBCL than children with ASD alone. In younger children with ASD,
configural invariance was present in Emotional Reactivity, Anxious/Depressed, and Somatic
Complaints, metric invariance was present in Sleep Problems, residual invariance was present in
Withdrawn Behavior, and structural invariance was present in Attention Problems and
Aggressive Behavior. In older children with ASD, configural invariance was present in Anxious/
Depressed, Somatic Complaints, Social Problems, Thought Problems, Attention Problems, and
Rule-Breaking; whereas, metric invariance was present in Withdrawn/Depressed and Aggressive
Behavior.

Conclusions: In conclusion, when dealing with intellectually heterogeneous ASD samples, the
item-level data of the CBCL should be used, rather than broad subscale-level data. These findings
underscore a continued need for development and validation of measures that are appropriate for
use in individuals with ASD across ages and intellectual functioning.

1. Introduction

Autism spectrum disorder (ASD) is characterized by difficulties with social communication and social interactions and by re-
stricted and repetitive patterns of behavior and interests (American Psychiatric Association, 2013). Children with ASD also have very
high rates of co-occurring emotional and behavioral problems (Simonoff et al., 2008). Therefore, it is important for both clinicians
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and researchers to routinely screen for potential emotional and behavioral symptoms across a range of areas using rating scales and
behavior checklists (Lempp, de Lange, Radeloff, & Bachmann, 2012).

The Child Behavior Checklist (CBCL) (Achenbach & Rescorla, 2001) is a widely accepted broad-band rating scale for assessment of
emotional and behavioral problems in children. The CBCL has been frequently used in research studies of children with ASD, in-
cluding studies assessing behavioral and emotional problems (e.g., Gonzalez & Stern, 2016), measuring treatment outcomes, and
verifying convergent and divergent validity of other measures (e.g., Kaat, Lecavalier, & Aman, 2014; Kim et al., 2016). The CBCL is
also used to study comorbid psychiatric conditions in ASD, as seen in several literature reviews (e.g., Mannion & Leader, 2013;
Matson & Cervantes, 2014).

The established factor structure of the CBCL has been validated in different samples using Confirmatory Factor Analyis (CFA)
(Dedrick, Greenbaum, Friedman, Wetherington, & Knoff, 1997; Greenbaum & Dedrick, 1998). CFA can be used to confirm a priori
hypotheses about the structure of data and to examine measurement invariance across different groups (Byrne, Shavelson, & Muthen,
1989). The CBCL syndrome scales were derived empirically through factor analysis using data from a large general population sample
(Achenbach & Rescorla, 2001), and their construct validity has also been established in cross-cultural samples using CFA (De Groot,
Koot, & Verhulst, 1994; Dedrick, Tan, & Marfo, 2008; Ivanova et al., 2010). However, the psychometric properties of the CBCL have
only recently been examined in large samples of children with ASD.

Pandolfi and colleagues examined the factor structure of both the preschool version (Pandolfi, Magyar, & Dill, 2009) and the older
version (Pandolfi, Magyar, & Dill, 2011) of the CBCL in samples of children with ASD. In the younger sample, the majority of the
children had developmental delays, with average standard scores on both cognitive and adaptive measures falling within the in-
tellectual disability (ID) range. The authors analyzed each syndrome scale separately to determine if there was evidence for a single
latent factor. All children were examined as a single sample, despite differences in ID status. The authors concluded that each
syndrome scale in the younger version (with the exception of Sleep Problems) was accounted for by a single factor (Pandolfi et al.,
2009). In the older sample, IQ ranged from ID to superior functioning, and a minority (31.3%) of the sample met criteria for ID.
Again, all of the children were examined as one sample. The results found support for the unidimensionality of each syndrome scale,
with the exception of Thought Problems (Pandolfi et al., 2011).

In a more recent study, our team examined the factor structure of the CBCL in a larger sample of 623 children with ASD
(Medeiros, Mazurek, & Kanne, 2017). In this initial study, we found that the established factor structure was the best fitting model for
young children with ASD, but not for older children with ASD. The sample was representative of a wide range of intellectual
functioning, with IQ ranging from 47 to 141. However, the study did not examine whether the CBLC performed differently among
children with or without ID. This is an important consideration, given that almost one-third of the ASD population has co-occurring
ID (Developmental Disabilities Monitoring Network, 2014), and children with co-morbid diagnoses of ASD and ID do not respond as
positively to intervention as children with either diagnosis alone (American Psychiatric Association, 2013; Matson & Shoemaker,
2009).

There are several reasons to expect a different factor structure for the CBCL in children with ASD who have concurrent ID. First,
findings from previous research report consistently higher rates of comorbid symptoms in individuals with lower intellectual func-
tioning compared to those with higher intellectual functioning (Kozlowski, Matson, Sipes, Hattier, & Bamburg, 2011; Matson, Cooper,
Malone, & Moskow, 2008; Mayes, Calhoun, Murray, Ahuja, & Smith, 2011; Smith & Matson, 2010; Tureck, Matson, Cervantes, &
Konst, 2014). Second, the co-occurrence of ASD and ID is associated with a greater rate of comorbid psychopathology than in those
with either diagnosis alone. This has been found in populations of both children (e.g., Bradley & Isaacs, 2006; McClain, Hasty Mills, &
Murphy, 2017) and adults (e.g., LoVullo & Matson, 2009). Third, the most common co-occurring disorders identified in children with
ASD and ID include depression, bipolar disorder, schizophrenia, and anxiety (Matson, Hess, & Boisjoli, 2010), and the emotional and
behavioral components of these disorders are measured by the CBCL (e.g., emotional reactivity, anxiety, depression, withdrawn
behavior, aggression, social problems, thought problems, and conduct issues). Fourth, some research has found that parents may rate
symptoms of ASD more severely when a child has concurrent ID. This was shown using the Social Communication Questionnaire
(Vermeulen et al., 2017) and the Social Responsiveness Scale (Havdahl et al., 2015).

In summary, the literature shows that the CBCL has been used widely to examine internalizing and externalizing problems in
children with ASD; however, the validity of inference from CBCL scores in this population has not been well examined. Researchers
who compare groups of individuals on emotional and behavioral symptoms using the CBCL are assuming that the scores reflect the
same latent traits on subscales across groups. If this assumption holds, the comparisons are valid, subgroups can be treated as one
population, and the CBCL subscales can be meaningfully interpreted. However, the established factor models of the CBCL, or par-
ticular subscales, may not account adequately for the symptom patterns among children with ASD (Medeiros et al., 2017; Pandolfi
et al., 2009, 2011). The goal of the current research is to examine if the presence of concurrent ID among children with ASD could
explain the different symptom patterns seen on the CBCL. The purpose of this follow-up study is to analyze the measurement
invariance of the CBCL across children with ASD who did or did not have concurrent ID.

Measurement invariance is the property of an instrument with scores that represent the same latent trait on the same scale across
groups. When the relationship between observed item-level variables and the underlying constructs are the same across groups,
measurement invariance is present, and we can theoretically use and interpret the measure similarly for both groups. However,
without measurement invariance, scores may not reflect the same scale properties and conclusions about the overall factor structure
or underlying constructs cannot be confidently applied to both groups. For example, children with ASD without concurrent ID might
be driving the statistical relationship among the CBCL items, thus leading researchers to conclude that the factor structure is similar
in children with ASD and TD children. Since children with ASD and concurrent ID exhibit different internalizing and externalizing
problems than children with ASD alone, or typically developing children, then it is reasonable to suggest that the certain syndrome
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scales of the CBCL may be less applicable in this particular subsample. Therefore, the use and interpretation of the CBCL in this
population may be meaningfully different with regard to internalizing and externalizing symptom patterns depending on intellectual
ability.

Assessing measurement invariance involves the testing of a series of increasingly restrictive hypotheses, each making more as-
sumptions about the equality of the two groups. The most basic level of invariance is configural, wherein the same unobserved
construct reflects the same collection of items across groups. This type of invariance implies that the CBCL subscales are comprised of
the same items for both ASD and ASD/ID children. The next level is metric invariance, wherein the factor loadings (i.e., the cor-
relation between items and a construct) are also equal across groups. This type of invariance implies that the CBCL subscales are
comprised of the same items, and that those items have a similar influence on the subscale for both ASD and ASD/ID children. The
next level is scalar invariance, wherein the item intercepts (i.e., the starting value of the scale) are also equal across groups. This
implies that the CBCL subscales, comprised of the same similarly-weighted items, occur at the same rate across both ASD and ASD/ID
children. For example, with scalar invariance of the emotionally reactive subscale, you could assume that emotionally reactive
problems occur in general, in the same amount and rate across both ASD and ASD/ID children. The next level is residual invariance,
wherein measurement error is also equal across groups. This implies that the amount of error in the CBCL subscale between the true
value and the measured value is the same across ASD and ASD/ID children. The last and most-strict type of invariance is structural
invariance, wherein the predictive ability is equal across groups. This implies that the CBCL subscale can be used to measure
emotional and behavioral problems with the same amount of accuracy across children with ASD and ASD/ID.

To assess confidently emotional and behavioral problems in the ASD population using the CBCL, researchers and clinicians need
to know the level of measurement invariance present for those with and without ID. In addition, different types of invariance would
lead to different recommendations about using the individual items as opposed to the overall subscales on the CBCL. Because the type
of measurement invariance may influence the clinical use of the CBCL in ASD populations it is therefore an important consideration in
psychometric research. We hope that the results of this follow-up study will inform the use of the CBCL for diagnostic, research, or
interventions purposes for children with ASD and concurrent ID.

2. Methods
2.1. Participants

Participants included 408 children with ASD (83.6% male) ranging in age from 2 to 17 years old (M = 7.2, SD = 2.0). This sample
was slightly smaller than the original study, since we removed participants for whom Full Scale IQ scores were not available. As
described in the methods for the previous study (Medeiros et al., 2017), participants had participated in autism research studies at
one of two academic medical centers, and item-level CBCL data were available for secondary analysis. The sample was divided into
those who received the younger version of the CBCL (26.5% of our sample; n = 108; average age = 4.24, SD = .76), and those who
completed the older version of the CBCL (73.5%; n = 300; average age = 10.13, SD = 3.22).

2.2. Measures

2.2.1. Intelligence

Intelligence (IQ) was assessed by clinicians at each study site using a range of measures, including the Early Years Differential
Ability Scales-Second Edition (30.6%) (Elliot, 2007), the School-Age Differential Ability Scales-Second Edition (30.4%) (Elliot,
2007), the Wechsler Abbreviated Scale of Intelligence — Second Edition (17.2%) (Wechsler, 2011), the Wechsler Intelligence Scale for
Children - Fourth Edition (2.2%) (Wechsler, 2003), the Wechsler Preschool and Primary Scale of Intelligence — Third Edition (4.2%)
(Wechsler, 2002), the Wechsler Preschool and Primary Scale of Intelligence — Fourth Edition (.2%) (Wechsler, 2012), the Stanford
Binet Scales of Intelligence - 5th Edition (11.8%) (Roid, 2003), and the Mullen Scales of Early Learning (MSEL, 3.4%) (Mullen, 1995).
For those receiving the MSEL, the Early Learning Composite score was included as a measure of Full Scale IQ. In subsequent analyses,
Full Scale IQ score was used to create a dichotomous variable indicating the presence (Full Scale IQ < 70) or absence (IQ = 70) of
Intellectual Disability.

2.2.2. Adative functioning

The Vineland Adaptive Behavior Scales — Second Edition (VABS-II) survey interview form (Sparrow, Cicchetti, & Balla, 2005)
was administered to parents/caregivers by clinicians or staff at each study site to assess adaptive functioning for 97.2% of the younger
sample and 97.7% of the older sample. The VABS-II is a widely-used and psychometrically sound caregiver-report measure of
adaptive functioning in the areas of Communication, Daily Living, and Socialization (Sparrow et al., 2005).

2.2.3. Behavioral and emotional functioning

The Child Behavior Checklist (CBCL) (Achenbach & Rescorla, 2001) is a parent-report questionnaire assessing children’s be-
havioral and emotional functioning, which yields both broad-band and narrow-band scores across symptom domains. Response
options for each item range from 0 (not true) to 2 (very true or often true). The CBCL has strong psychometric properties, including
test-retest reliability, inter-rater agreement, and internal consistency (Achenbach, Dumenci, & Rescorla, 2003; Albores-Gallo et al.,
2007; Frizzo, Pedrini, de Souza, Bandeira, & Borsa, 2014). The factor structure and validity of the empirically derived syndrome
scales have been supported in both community and clinical samples (Achenbach & Rescorla, 2001; Achenbach et al., 2003; Hallerod
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et al., 2010; Nakamura, Ebesutani, Bernstein, & Chorpita, 2009).

The CBCL contains two different age-based versions. For young children (Ages 1.5-5) there are 100 items and the following
Syndrome Scales: Emotionally Reactive, Anxious/Depressed, Somatic Complaints, Withdrawn, Sleep Problems, Attention Problems,
and Aggressive Behavior. For older children (Ages 6-18) there are 113 items and the following Syndrome Scales: Anxious/Depressed,
Withdrawn/Depressed, Somatic Complaints, Social Problems, Thought Problems, Attention Problems, Rule-Breaking Behavior, and
Aggressive Behavior. Some items had skewed rates of endorsement in the current study, wherein almost all parents responded, “less
than average” for the item (e.g., Vomiting and Aches/Pains in the Somatic Complaints subscale; Alcohol, Runs Away, Sets Fires, Sex
Problems, Thinks about Sex, Tobacco, Truancy, Drugs, and Vandalism from the Rule-Breaking subscale). These items were omitted, in
line with other research modeling the CBCL in new populations (Ivanova et al., 2007).

2.3. Statistical analysis

All analyses were conducted using IBM SPSS 24 and AMOS 24.0.0 software programs. CFA was used to model latent factors
associated with the associated subscale items. Parallel with our previous analyses of these data (Medeiros et al., 2017), we used the
AMOS defaults, including maximum likelihood for estimation of model parameters. Substitution of missing values was necessary in
order to produce meaningful results; thus missing values were replaced with the mode for a given CBCL item. This resulted in 26
substitutions (.12% of the data) in the younger sample and 119 substitutions (.26% of the data) in the older sample.

2.3.1. Multiple-group analyses

For the younger sample, we created seven individual path models for each of the CBCL subscales: Emotionally Reactive, Anxious/
Depressed, Somatic Complaints, Withdrawn, Sleep Problems, Attention Problems, and Aggressive Behavior. For the older sample, we
created eight individual path models for subscales: Anxious/Depressed, Withdrawn/Depressed, Somatic Complaints, Social Problems,
Thought Problems, Attention Problems, Rule-Breaking Behavior, and Aggressive Behavior. Each model included the individual CBCL
items for that subscale. We then designated the models to have two groups, ASD participants with and without ID. Because of the
small sample size of our younger group when separated by ID status, the analyses and results for the younger age group should be
considered highly exploratory.

To test for measurement invariance between groups, nested CFA models were specified with an increasing number of parameter
constraints (Cheung & Rensvold, 2002; Vandenberg & Lance, 2000). Model specification starts with the configural model, the least
constrained baseline model. Parameters in the configural model are freely estimated. However, in all CFA models, an indeterminate
relationship between factor loadings and the scale of the latent factor requires resolving this metric identification problem by fixing
one or the other. Commonly, the value of one factor loading is fixed to 1.0 (Joreskog & Sorbom, 1989). We follow this approach in
line with our previous companion paper (Medeiros et al., 2017), and other CBCL research (e.g., Dedrick et al., 2008). Other ap-
proaches exist to address the indeterminacy problem, such as fixing the latent factor variance to 1.0 for both groups. And, because
these approaches are all respecifications of each other, they will all result in the same level of practical and statistical fit (Reise,
Widaman, & Pugh, 1993). For additional details on model identification see Long (1983) or Wu and Estabrook (2016). Following the
baseline model is the first nested model, the metric model. For the metric model, the same identification constraints were used as the
configural model, and item factor loadings are constrained to be equal across groups. The next model, scalar, adds constraints on item
intercepts being equal across groups. In the residual model, factor loadings, intercepts, and error variances are set as equal across
groups. Error variance is the measurement error associated with each observed variable. The last model, the structural model,
constrains factor loadings, item intercepts, residual variances, and factor variances equal to one another across groups. Factor var-
iance represents the overall error in prediction of the construct using the indicator variables, or the overall predictive ability of the
subscale.

Each of the nested models is then compared with the preceding measurement invariance model. Difference are evaluated in model
fit statistics and practical fit indicators, including the chi-square test, Tucker Lewis Index (TLI), Comparative Fit Index CFI, and Root
Mean Square Error of Approximation (RMSEA). If there is a nonsignificant increase in chi-square when additional parameter con-
straints are imposed, then the hypothesis is tenable for measurement invariance at the level of the more constrained model (Reise
et al., 1993). That is, we test the null hypothesis that the more constrained model is correct, under the assumption that the less
constrained model is correct.

Based on past literature on nested CFA models and research conclusions (e.g., Cheung & Rensvold, 2002; Vandenberg & Lance,
2000), we generated recommendations for the use of the CBCL depending on the level of invariance upheld. Specifically, configural,
metric, and scalar invariance would support the use of item-level CBCL data as the level of analysis when comparing groups; whereas,
residual and structural invariance would support the use of broad, subscale-level CBCL data as the level of analysis when comparing
groups.

2.3.2. Model fit and model comparison indices

Individual models were evaluated using goodness of fit statistics and fit indices, including the commonly used chi-square (?) test
and the above-mentioned non-statistical indicators: TLI, CFI, and the RMSEA. Nested models were evaluated using the difference of
each chi-square (xz) value to determine if the more restricted nested model had a nonsignificant increase in chi-square, wherein non-
significant increase indicated that the hypothesis of measurement invariance at the more restricted level was tenable. That is, if the
models were statistically equivalent, a nonsignficant chi square value would be expected for that model comparison. Although chi-
square difference tests are affected by sample size, in this study, the sample sizes were small enough to assume that trivial differences

22



K. Dovgan et al. Research in Autism Spectrum Disorders 58 (2019) 19-29

Table 1
Descriptive statistics and statistical comparison of group characteristics by IQ level.

1.5-5 Years Old 6-18 Years Old
ID (n = 33) No ID (n = 75) Test Statistic ID(n=74) No ID (n = 226) Test Statistic

Age M=4.12 M = 4.36 t (106) = —1.59 M = 10.07 M =10.18 t (298) = —.267
SD = .86 SD = .65 SD = 3.28 SD = 3.15

% Male 75.8 90.7 22(1) = 4.26* 75.7 92.0 x2(1) = 14.13%*

1Q R: 22-68 R: 70-130 t (106) = —12.99** R: 20-69 R: 70-141 t (298) = —23.27**
M = 55.09 M = 9217 M = 51.0 M = 96.58
S =13.39 $=13.78 S =13.08 S =15.09

Communication R: 42-100 R: 57-118 t (103) = —6.59** R: 28-92 R: 54-129 t (290) = —9.26**

Skills M = 66.39 M = 85.69 M = 64.73 M = 79.03

SD = 14.31 SD = 13.77 SD = 9.82 SD =12.02

Daily Living Skills R: 51-91 R: 58-113 t(103) = —5.12%* R: 28-101 R: 48-134 t (290) = —7.93**
M = 69.82 M = 82.6 M = 67.81 M = 81.05
SD = 10.57 SD =12.43 SD =12.82 SD =12.26

Socialization R: 49-86 R: 57-112 t(103) = —3.41** R: 40-87 R: 42-112 t (290) = —5.19**

Skills M = 67.61 M =756 M = 63.88 M = 72.08

SD =9.91 SD = 11.65 SD = 11.46 SD =11.89

Adaptive Composite R: 48-83 R: 60-107 t(103) = —6.05** R: 30-91 R: 55-111 t (290) = —8.26**
M = 66.7 M = 79.96 M = 64.31 M = 75.47
SD = 8.69 SD =11.13 SD = 10.16 SD =10.01

ID: intellectual disability (i.e., IQ < 70).
M = mean; SD = standard deviation; R = range.
Note: * p < .05; ** p < .01.

would not yield a nonsignificant result. As with individual models, differences in the three practical fit indices were included. More
restricted models are considered favorable when differences in practical fit include: TLI < .010, CFI < .010, and a RMSEA < .015
(Chen, 2007; Cheung & Rensvold, 2002). Additional details on non-statistical fit indices for measurement invariance models can be
found in Reise et al. (1993).

3. Results
3.1. Participant characteristics

Table 1 displays the comparison of age, gender, 1Q, and adaptive skills for children with and without ID in the younger and older
age groups. Within each age group, children with and without ID varied significantly by gender, IQ, and adaptive skills.

3.2. Measurement invariance across populations

3.2.1. Exploratory results for the CBCL for ages 1.5-5

For young children, the baseline configural model was the best representation of emotional reactivity, anxious/depressed, and
somatic complaints, wherein all parameters were free to vary. In regards to sleep problems, there was evidence to suggest that the
remaining models fit the data worse than the metric model. A residual model was the best representation of withdrawn problems, and
a structural model was the best representation for both attention problems and aggressive behavior. See Table 2 for the fit indices of
both the baseline configural model and the differences tested among the subsequent nested measurement invariance models.

3.2.2. CBCL for ages 6-18

For older children with ASD, the configural baseline model was the best representation of anxious/depressed, somatic complaints,
social problems, attention problems, and rule-breaking behavior. A metric model was the best representation of withdrawn/de-
pressed, thought problems, and aggression. See Table 3 for the fit indices of both the baseline configural model and of the differences
tested among the subsequent nested measurement invariance models.

4. Discussion

The purpose of this study was to test the measurement invariance of the CBCL in a sample of children with ASD with and without
concurrent ID. Our sample size for younger children was quite small; therefore, our conclusions are highly exploratory and require
future replication. For this sample, we found that younger children with ASD showed strong measurement invariance across those
with and with ID for withdrawn problems, attention problems, and aggressive behavior. With residual invariance or higher, re-
searchers might consider that these subscales are similar enough across the two groups to treat them as one population. Specifically,
using the CBCL to measure attention problems and aggressive behavior in young children with ASD might be equally informative for
those with and without ID. On the other hand, the measurement invariance for emotional reactivity, anxious/depressed, somatic

23



K. Dovgan et al. Research in Autism Spectrum Disorders 58 (2019) 19-29

Table 2
Nested model comparisons of the CBCL subscales for children 1.5-5 across children with ASD who have or do not have concurrent intellectual
disability.

Models xr df P TLI CFI RMSEA
Ax» (A df) Ap) (A TLD (A CFI) (A RMSEA)
Emotional Reactivity
Configural 119.528 54 .000 .623 717 107
Metric (19.774) ®) (.011) (.010) (.051) (-.001)
Scalar (39.002) 9 (.000) (.082) (.129) (-.011)
Residual (31.530) (©)] (.000) (.035) (.097) (—.005)
Structural (.009) (€8] (.923) (—.010) (—.004) (.002)
Anxious/Depressed
Configural 106.943 40 .000 .582 702 126
Metric (35.462) @) (.000) (.089) (127) (-.012)
Scalar (19.650) ® (.012) (-.021) (.052) (.002)
Residual (54.044) ® (.000) (.121) (.205) (-.015)
Structural (4.767) 1) (.029) (.005) (.017) (—.001)
Somatic Complaints
Configural 120.333 54 .000 .646 .735 .108
Metric (47.833) ®) (.000) (.139) (.160) (-.019)
Scalar (4.00) 9 (.911) (—.083) (—.020) (.011)
Residual (54.746) 9 (.000) (.119) (.183) (—.016)
Structural (20.857) 1) (.000) (.064) (.079) (—.007)
Withdrawn
Configural 94.497 40 .000 .400 571 113
Metric (11.121) @) (.133) (-.051) (.032) (.005)
Scalar (9.879) ® (.274) (—.065) (.015) (.006)
Residual (8.40) (8) (.395) (—.059) (.003) (.007)
Structural (7.714) (€8] (.005) (.040) (.053) (—.005)
Attention Problems
Configural 11.831 10 297 .938 .969 .042
Metric (2.761) “4) (.599) (—.048) (-.021) (.022)
Scalar (8.511) 5) (.130) (.059) (.060) (—.025)
Residual (2.606) 5) (.761) (—.049) (—.041) (.019)
Structural (.522) (€8] (.470) (—.007) (—.008) (.004)
Aggressive Behavior
Configural 522.026 304 .000 .770 .796 .082
Metric (14.654) (18) (.686) (—.016) (—.003) (.003)
Scalar (29.475) (19) (.059) (-.002) (.010) (.000)
Residual (12.160) 19) (.879) (-.017) (—.006) (.003)
Structural (.215) (€8] (.643) (—.001) (—.001) (.001)
Sleep Problems
Configural 66.547 28 .000 627 .752 114
Metric (8.599) 6) (.197) (—.045) (.017) (—.056)
Scalar (15.764) @) (.027) (.002) (.057) (.000)
Residual (10.518) ) (.161) (—.028) (.022) (.005)
Structural (.535) (€)) (.465) (—.009) (—.003) (.001)

Note: Change values reflect nested model comparisons to the previous level of constraint. For example, in the Sleep Problems construct, assuming
that the scalar model is correct, the change in chi-square to the residual model is 10.518.
* Denotes best fitting model.

complaints, and sleep problems did not support the use of the CBCL subscale scores. These subscales showed only configural or metric
invariance, which supports the use of item-level data only when comparing children with and without ID. This means that children
with and without ID have different baseline levels, different measurement error, and different levels of predictive ability for emo-
tional reactivity, anxious/depressed, somatic complaints, and sleep problems. These findings support recommendations to use item-
level data, rather than subscale-level data, for these constructs when examining samples of intellectually heterogeneous children with
ASD.

Older children with ASD showed configural invariance for anxious/depressed, somatic complaints, social problems, thought
problems, attention problems, and rule-breaking behavior. This means that these subscales only shared the same collection of items
for those with and without ID. Withdrawn/depressed behavior and aggressive behavior showed metric invariance. This means that
these subscales shared the same collection of items, and those items were equally important in the overall factor for both children
with and without ID. The measurement invariance for the CBCL subscales in older children implies that researchers should use only
item-level information, and not the total CBCL subscale scores, when assessing intellectually heterogeneous populations of children
with ASD.
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Table 3
Nested model comparisons of the CBCL subscales for children 6-18 across children with ASD who have or do not have concurrent intellectual
disability.

Models e df p TLI CFI RMSEA
Ax» (A df) (Ap) (A TLI) (A CFD) (A RMSEA)
Anxious/Depressed
Configural 366.642 130 .000 .701 .751 .078
Metric (26.768) 12) (.008) (—.008) (.016) (.001)
Scalar (89.403) (13) (.000) (.057) (.081) (—.007)
Residual (226.715) (13) (.000) (.182) (.225) (—.020)
Structural (3.659) (€] (.056) (—.001) (.003) (.000)
Withdrawn/Depressed
Configural 87.639 40 .000 .800 .857 .063
Metric (3.242) (%] (.862) (—.043) (-.011) (.007)
Scalar (40.940) 8) (.000) (.078) (.099) (-.012)
Residual (33.663) ® (.000) (.039) (.077) (—.006)
Structural (.964) 1) (.326) (—.004) (.000) (.001)
Somatic Complaints
Configural 141.032 88 .000 .898 919 .045
Metric (44.747) (10) (.000) (.049) (.054) (-.010)
Scalar (26.955) an (.005) (.009) (.024) (—.002)
Residual (40.451) a1 (.000) (.027) (.045) (—.004)
Structural (1.708) 1) (.191) (—.001) (.001) (.000)
Social Problems
Configural 188.819 88 .000 .785 .828 .062
Metric (21.870) (10) (.016) (.001) (.010) (.000)
Scalar (78.161) an (.000) (.094) (114) (-.012)
Residual (97.553) a1 (.000) (.107) (.148) (—.012)
Structural (.054) (€] (.816) (—.005) (—.002) (.000)
Thought Problems
Configural 496.704 180 .000 .343 437 .077
Metric (24.126) a4 (.044) (-.028) (.018) (.002)
Scalar (35.511) (15) (.002) (—.009) (.037) (.000)
Residual (25.457) (15) (.044) (—-.024) (.018) (.002)
Structural (.703) 1) (.402) (—.003) (.000) (.000)
Attention Problems
Configural 193.875 70 .000 764 .816 .077
Metric (20.671) 9 (.014) (—.007) (.017) (.001)
Scalar (61.370) (10) (.000) (.051) (.076) (—.008)
Residual (6.281) (10) (.791) (-.033) (—.005) (.005)
Structural (1.211) 1 (.271) (—.002) (.000) (.001)
Rule Breaking
Configural 175.089 48 .000 713 .795 .106
Metric (33.047) 7) (.000) (.004) (.039) (—.001)
Scalar (42.796) [€))] (.000) (.011) (.053) (—.002)
Residual (67.828) [€))] (.000) (.042) (.091) (—.008)
Structural (6.565) (€3] (.010) (.002) (.008) (.000)
Aggressive Behavior
Configural 941.106 270 .000 .669 .708 .091
Metric (18.916) aa7) (.333) (—.019) (.001) (.002)
Scalar (81.234) (18) (.000) (.009) (.028) (—.001)
Residual (57.432) (18) (.000) (—.002) (.017) (.000)
Structural (.988) (€3] (.320) (-.001) (.000) (.000)

Note: Change values reflect nested model comparisons of the current model to the previous level of constraint. For example, in the Aggressive
Behavior construct, assuming that the scalar model is correct, the change in chi-square to the residual model is 57.432.
* Denotes best fitting model.

Overall, this study found that the measurement invariance of the CBCL across individuals with and without ID was not strong
enough to warrant the use of subscale-level information in most constructs. These findings suggest that group comparisons among
children with ASD are not appropriate for broad subscale-level CBCL scores. Table 4 presents the subscale measurement invariance
and our recommendation for clinical use.

There are several potential reasons for the differences between ID and non-ID groups in regards to behavioral and emotional
functioning. First, children with ASD and concurrent ID may exhibit different baseline levels of behavioral and emotional problems,
which would explain the lack of scalar invariance in almost all of the CBCL subscales. This would be consistent with past research
showing different levels of comborbid symptoms and psychopathologies in children with ID or ASD and ID (e.g., Kozlowski et al.,
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Table 4
Measurement invariance of the CBCL subscales across those with and without ID.

Scale Measurement Invariance Recommendation

Younger Children 1.5-5

Emotionally Reactive Configural Use item-level data
Anxious/Depressed Configural Use item-level data

Somatic Complaints Configural Use item-level data
Withdrawn Residual Use subscale-level data

Sleep Problems Metric Use item-level data

Attention Problems Structural Use subscales, with confidence
Aggressive Behavior Structural Use subscales, with confidence

Older Children 6-18

Anxious/Depressed Configural Use item-level data
Withdrawn/Depressed Metric Use item-level data
Somatic Complaints Configural Use item-level data
Social Problems Configural Use item-level data
Thought Problems Configural Use item-level data
Attention Problems Configural Use item-level data
Rule-Breaking Behavior Configural Use item-level data
Aggressive Behavior Metric Use item-level data

2011; McClain et al., 2017; Tureck et al., 2014). Other research has shown that children with ASD without ID experience higher levels
of anxiety (Mazurek & Kanne, 2010; Sukhodolsky et al., 2008) and depression (Mayes et al., 2011) than children with ASD and ID.
Internalizing problems may be more common in this higher functioning group due to their adequate social cognition and desire for
social interactions, which can cause psychological distress when combined with their social impairments (Bellini, 2004; Chamberlain,
Kasari, & Rotheram-Fuller, 2007).

Second, the CBCL may be better at identifying behavioral and emotional problems in children with ASD who do not have
concurrent ID, which would explain the lack of residual or structural invariance in the majority of the CBCL subscales. The CBLC
subscales were developed using factor analysis of a large representative sample of “healthy” children in the general population
(Achenbach & Rescorla, 2001). While the assessment may be useful for identifying children at risk for behavioral, emotional, or social
problems, the tool was not designed to summarize the abilities of a heterogeneous sample that contains children with and without
intellectual disabilities. This may lead to different levels of measurement error and overall predictive ability for the individual
subscales in heterogeneous samples of children with ASD.

Third, parent respondents may be better able to describe the behavioral and emotional functioning of children without ID or they
may rate the abilities of children with ASD and ID more harshly. This would be consistent with research on other assessments used in
the ASD literature (Havdahl et al., 2015; Vermeulen et al., 2017). Difficulties with social communication may affect a child’s ability to
describe his/her own emotional states, thoughts, or internalizing symptoms. In addition, parents of children with lower intellectual
functioning may have considerable difficulty interpreting their child’s internal states, such as anxiety and depression, somatic
complaints, and withdrawn or depressed behavior. However, we did not find a pattern of measurement variance specifically for
subscales from the broad, internalizing disorder domain. Therefore, parents could just as easily have difficulty describing ex-
ternalizing emotional and behavioral problems in their children with concurrent ID, such as emotional reactivity, sleep problems,
social problems, and rule-breaking behavior. Future research should investigate the patterns of correspondence between intellectual
ability and measurement invariance of the CBCL subscales and other parent-report assessments used in the ASD population.

Lastly, the differences between children with and without ID may become more pronounced over time, as a function of the
different behavioral and emotional expectations placed on children and different parent expectations for their child’s behavior. This
may explain why there were a few subscales for younger children with structural measurement invariance, but no strong indicators of
measurement invariance for older children. The groups may become more variant with age, as differences between those with and
without ID become more apparent in every day social and emotional tasks. Longitudinal research is needed to examine the re-
lationships among age, socio-emotional and behavioral problems, and parent expectations in this heterogeneous population of
children with ASD.

5. Limitations and future research

Several items were not included in the subscale models because of limited response variation on these items. Constrained variance
may reflect the varying set of behaviors exhibited by children with ASD, as Pandolfi et al. (2009, 2011) experienced the same issue
with their samples of children with ASD. Another limitation was our sample size. Once the data were partitioned into subgroups of
children with and without ID, our samples were quite small. This restricted an examination of the measurement invariance of the
entire established factor structure. However, separating our examination by age group for the purposes of the CBCL versions was
necessary, given the differences in number, type, and wording of items across age versions. In addition, the small sample size could
also influence the restricted range of some responses, since the CBCL is a symptom count and many behaviors are (or should be) rare,
creating a skewed item-level distribution. Studies with larger samples are needed to have a sufficient frequency of these rare
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behaviors, and in particular, future studies with an adequate sample size are needed to replicate the exploratory findings of the
younger age group.

Future research may address this limited sample size using Monte Carlo simulations to model distributional properties found in
these data. Additionally, other methodologies such as Item Response Theory (IRT) may be used to determine group differences on
individual items. Researchers commonly employ IRT’s differential item functioning to determine if group membership affects the
probability item endorsement for those with similar level of latent trait. Identifying these items may add to our understanding of
CBCL subscale performance by ASD participants with and without ID. Finally, where measurement invariance is absent, factor scores,
defined for each group, may be developed and scaled to existing CBCL scoring norms to preserve the utility and continuity of use by
clinicians and practitioners.

6. Conclusions and implications

The CBCL is a widely-used measure of behavioral and emotional functioning in ASD research; however, its measurement prop-
erties are poorly understood when applied to this clinical population. Given that intellectual disability is a common comorbidity,
affecting approximately 30% of the ASD population (Developmental Disabilities Monitoring Network, 2014), it is also important to
understand whether the CBCL is equally applicable to those with and without ID. Of the three previous studies on the factor structure
of the CBCL among children with ASD, none had examined the syndrome scales across subsamples of children with and without
current ID. The current study suggests that the CBCL generally does not demonstrate measurement invariance, and most of the
existing factor subscales may not be appropriate for use among children with ASD and concurrent ID. For clinicians and researchers
using the CBCL among children with intellectually heterogeneous ASD, the current study provisionally recommends using only item-
level data as opposed to subscale-level data, with the exception of attention problems and aggressive behavior in younger children.
Using item-level CBCL data, rather than subscales, is also recommended for intellectually heterogeneous samples of older children
with ASD. Further research is needed to establish a conclusive CBCL factor structure among children with ASD across levels of
intellectual functioning.

Assessments can serve many different functions in research, diagnostic, or clinical settings, and vary in their structure and
specificity in coding and scoring (Fewell & Glick, 1993). It is common to extend tests to different populations, with the knowledge
that the conclusions and generalizations should be limited to clinical or exploratory settings. In practice, the CBCL should be used
cautiously in populations of individuals with ASD. Our findings indicate tentatively that the CBCL may be more appropriate for use
among younger children with ASD than older children with ASD, and among those without comorbid ID. However, even among
young children, only the attention problems and aggressive behavior subscales demonstrated adequate performance. This greatly
limits the ability of researchers or clinicians to use or interpret the CBCL with confidence in cross-time, cross-clinic, or cross-study
comparisons among children with ASD.

Our previous research (Medeiros et al., 2017) found that emotional and behavioral problems may manifest differently in children
with ASD than among typically developing children, and syndrome scales may not yield useful information about the underlying
construct of interest (e.g., anxiety, depression). For example, elevations on the CBCL Anxious/Depressed syndrome scale for a child
with ASD may not represent true anxiety at a construct-level; instead, the anxiety scale could be elevated for other reasons associated
with ASD (e.g., emotion-regulation problems in young children and social-emotional deficits in older children). The clinical utility of
the CBCL lies in its ability to contribute to beneficial intervention development and beneficial treatment outcome (Nelson-Gray,
2004). However, if users cannot be confident that the measure is appropriately assessing intended constructs (i.e., symptom do-
mains), and if the measure operates differently across subpopulations (i.e., age and IQ level), the utility of the CBCL is significantly
diminished for use in assessing emotional and behavioral functioning in children with ASD. These findings underscore a continued
need for development and validation of measures that are appropriate for use in individuals with ASD across ages and intellectual
functioning.
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