JOURNAL OF CHILD AND ADOLESCENT PSYCHOPHARMACOLOGY
Volume 26, Number 1, 2016

© Mary Ann Liebert, Inc.

Pp. 10-18

DOI: 10.1089/cap.2015.0098

Confirmation of the Factor Structure and Measurement
Invariance of the Children’s Scale of Hostility and Aggression:
Reactive/Proactive in Clinic-Referred Children With
and Without Autism Spectrum Disorder

Cristan A. Farmer, PhD!? Aaron J. Kaat, PhD!® Micah O. Mazurek, PhD* Janet E. Lainhart, MD 5-¢
Mary Beth DeWitt, PhD,” Edwin H. Cook, MD2 Eric M. Butter, PhD? and Michael G. Aman, PhD'

Abstract

Objective: The measurement of aggression in its different forms (e.g., physical and verbal) and functions (e.g., impulsive and
instrumental) is given little attention in subjects with developmental disabilities (DD). In this study, we confirm the factor
structure of the Children’s Scale for Hostility and Aggression: Reactive/Proactive (C-SHARP) and demonstrate measurement
invariance (consistent performance across clinical groups) between clinic-referred groups with and without autism spectrum
disorder (ASD). We also provide evidence of the construct validity of the C-SHARP.

Methods: Caregivers provided C-SHARP, Child Behavior Checklist (CBCL), and Proactive/Reactive Rating Scale (PRRS)
ratings for 644 children, adolescents, and young adults 2-21 years of age. Five types of measurement invariance were evaluated
within a confirmatory factor analytic framework. Associations among the C-SHARP, CBCL, and PRRS were explored.
Results: The factor structure of the C-SHARP had a good fit to the data from both groups, and strict measurement invariance
between ASD and non-ASD groups was demonstrated (i.e., equivalent structure, factor loadings, item intercepts and re-
siduals, and latent variance/covariance between groups). The C-SHARP Problem Scale was more strongly associated with
CBCL Externalizing than with CBCL Internalizing, supporting its construct validity. Subjects classified with the PRRS as
both Reactive and Proactive had significantly higher C-SHARP Proactive Scores than those classified as Reactive only, who
were rated significantly higher than those classified by the PRRS as Neither Reactive nor Proactive. A similar pattern was
observed for the C-SHARP Reactive Score.

Conclusions: This study provided evidence of the validity of the C-SHARP through confirmation of its factor structure and its
relationship with more established scales. The demonstration of measurement invariance demonstrates that differences in
C-SHARP factor scores were the result of differences in the construct rather than to error or unmeasured/nuisance variables.
These data suggest that the C-SHARP is useful for quantifying subtypes of aggressive behavior in children, adolescents, and
young adults with DD.

Introduction there is disagreement about the exact identity of these subtypes
(Little et al. 2003). One distinction that concerns function, pro-

MOST RESEARCHERS CONSIDER AGGRESSION TO BE a multifac-  active versus reactive (sometimes interchanged with the strongly
eted phenomenon that may take many forms and have many related constructs impulsive and instrumental), has proven to be
functions, and is not always developmentally inappropriate, though  extremely important to child psychiatry (Vitiello and Stoff 1997;
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Vitaro et al. 2002; Jensen et al. 2007). Less is known about this
distinction, or about specific forms of aggression, in children with
intellectual and developmental disabilities (IDD). Although ag-
gression is a mainstay in the IDD literature as a target of treatment
(Aman et al. 2002; Hellings et al. 2005) and as a phenotypic
characteristic (Dominick et al. 2007; Kanne and Mazurek 2011;
Schroeder et al. 2014), the term ‘‘aggression’’ is most often used in
an undifferentiated sense long ago abandoned in other areas of
psychiatric research.

One reason why IDD researchers have not studied subtypes of
aggressive behavior may be limitations in available scales. Popular
scales for typical populations are frequently inappropriate for use in
people with IDD. Measures that were developed for patients with
IDD are useful for a broadband understanding of problem behaviors
(e.g., the Aberrant Behavior Checklist) (Aman et al. 1985), but do
not provide a detailed assessment of aggressive behavior. The
Children’s Scale for Hostility and Aggression: Reactive/Proactive
(C-SHARP) (Farmer and Aman 2009) is an empirically derived
informant checklist of several types of aggressive behaviors. The
C-SHARP addresses five types of aggression, and it also attempts to
determine the valence of aggression (i.e., reactive versus proac-
tive). Therefore, the C-SHARP may be better suited for clinical and
research settings in which aggressive behavior is the primary target
of assessment or intervention. The C-SHARP was developed in a
sample of children with IDD, in which it was shown to have ade-
quate reliability and validity (Farmer and Aman 2010). The sub-
jects, identified through special education classes within Iowa, had
a range of diagnoses and intellectual functioning. Although the
preliminary psychometric properties were acceptable, no data were
available on the comparability of the psychometric properties of the
C-SHARP between more homogenous groups, such as those with
and without autism spectrum disorders (ASD).

In order to compare groups of individuals on a certain trait, or to
evaluate whether correlates of that trait differ between groups, one
must assume that the quantification of that trait is on the same
measurement scale in both groups (Widaman and Reise 1997).
Scores on a questionnaire should accurately quantify the construct
of interest in an individual compared with other individuals,
without being distorted by demographic characteristic, subgroup,
diagnostic status, or other constructs that may be irrelevant. This is
referred to as measurement invariance, and when measurement
invariance is demonstrated, researchers may compare and contrast
the occurrence, determinants, and consequences of a latent score
(i.e., the underlying construct) with confidence (van de Schoot et al.
2012). Measurement invariance is most commonly evaluated when
adapting measures for a new language or culture, but only occa-
sionally for differences between clinical and nonclinical condi-
tions. Many studies in ASD have assumed that measurement
properties of scales designed for typically developing individuals
are adequate, an assumption that is only now starting to be em-
pirically assessed (e.g., Frazier et al. 2014; White et al. 2015).

Like other psychometric statistics, there are varying levels of
measurement invariance. Meredith (1993) distinguished between
increasing degrees of measurement invariance in a multiple-group
confirmatory factor analysis framework. Meredith used the terms
configural, weak, strong, and strict to characterize levels of in-
variance. Configural invariance is the weakest form of measure-
ment invariance, and establishes only that the basic pattern of
relationships between the indicators and latent variables is similar
between groups. This is equivalent to similar results of separate
confirmatory factor analyses (CFAs) in two groups. Weak invari-
ance refers to equivalent factor loadings between groups, but is not
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sufficient evidence to assume the equivalent scale of latent mean
scores between groups. In other words, the strength of relationships
between items (indicators) and the factor score (the latent con-
struct) are equivalent between groups, but the groups’ latent means
still cannot be compared. However, strong invariance, which con-
strains the intercepts of the measured variables to be equal, is
sufficient to allow comparisons of latent mean scores between
groups. Finally, the strongest form of measurement invariance,
strict, also constrains the residual variances across groups to be
equal. This means that the researcher can be confident that differ-
ences in scores are a true reflection of differences in the latent
(underlying) construct, and not a result of unmeasured or irrelevant
influences.

This study was designed to evaluate the psychometric prop-
erties, including measurement invariance, of the C-SHARP
(Farmer and Aman 2009). It was conducted in a sample of
clinically referred children, adolescents, and young adults with
and without ASD. In addition to the sequential evaluation of
configural, weak, strong, and strict measurement invariance, we
present data on the construct validity of the C-SHARP subscales.
The C-SHARP has five Problem subscales that assess the amount
of aggression in different domains. In addition, it has a Provo-
cation Scale, which indicates the extent to which the aggression
is reactive or proactive. First, we predicted that the factor
structure of the C-SHARP would be confirmed, and that there
would be strong measurement invariance across ASD and non-
ASD groups. Second, we hypothesized that the C-SHARP Pro-
blem subscales would correlate more strongly with the Child
Behavior Checklist (CBCL) (Achenbach and Rescorla 2001)
Externalizing Total than with the Internalizing Total. Third, we
hypothesized that subjects classified as Proactive and Reactive
by the Proactive/Reactive Rating Scale (PRRS) (Dodge and Coie
1987) would have higher scores on the C-SHARP Proactive and
Reactive subscales, respectively, than other subjects.

Methods
Participants

Participants were 644 children, adolescents, and young adults 2—
21 years of age (7.58 £4.19 years) recruited from six United States
clinics/research centers. This sample, which excluded participants
<2 years, was reported in Farmer et al. (2015). The ASD group
(n=406) was primarily male (n=339, 84%) and approximately
half (n=194, 48%) had intelligence quotients (IQs) >70. The non-
ASD group (n=238) was 69% male (n=164) and 59% (n=141)
had 1Qs >70. Approximately 20% of each group had no IQ data
available (ASD, n=283; non-ASD, n=47). No data were available
on the verbal abilities of the sample.

Primary diagnoses in the ASD group were Diagnostic and
Statistical Manual of Mental Disorders, 4th ed., Text Revision
(DSM-IV-TR) Autistic Disorder (n=277, 68%), Pervasive De-
velopmental Disorder-Not Otherwise Specified (NOS) (=99,
24%), and Asperger’s disorder (n =30, 7%) (American Psychiatric
Association 2000). The non-ASD group was composed of subjects
referred to specialty ASD clinics for concerns about neurodeve-
lopmental disability, but for whom ASD was ultimately ruled out.
Approximately 20% (n=>54) of the non-ASD group received no
DSM-IV-TR diagnosis; the remainder had a primary diagnosis of
intellectual disability (n=49, 21%), developmental delay (n=25,
11%), attention-deficit/hyperactivity disorder (ADHD) (n=67,
28%), disruptive behavior disorder (n=21, 10%), or anxiety/mood
disorder (n=22, 9%).
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Measures

The C-SHARP (Farmer and Aman 2009) is an informant report
measure of aggressive behavior for children with DD. Each item is
given a Problem Scale rating (four point scale from Doesn’t Hap-
pen to Severe/Frequent) and a Provocation Scale rating (five point
scale from Provoked to Not Provoked). Problem Scale item ratings
are summed to make empirically derived subscale scores: Verbal
Aggression (12 items), Bullying (12 items), Covert Aggression (10
items), Hostility (9 items), and Physical Aggression (8 items). No
scoring conventions are established for the Provocation Scale,
which is scored for a given item only when the corresponding
Problem Scale rating is not zero. The informant rated the Provo-
cation item on a scale from —2 (reactive) to +2 (proactive), but we
used a simplified scoring for the current analyses. Provocation
Scale item ratings were coded as Proactive (>0), Reactive (<0), or
neutral (=0). The number of items rated as Proactive and Reactive
was summed across all algorithm items (51 possible ratings; 48
items with 3 counted on two subscales each).

Proactive and reactive aggression were also measured with the
PRRS (Dodge and Coie 1987). The original version of this six item
scale was rated by teachers on a five point scale (never to almost
always) to reflect how frequently the statement applied to the
subject. Average scores of =3 on either the proactive or reactive
item set are considered high. In the current study, the response scale
was modified to match the C-SHARP’s Problem Scale (ratings of
0-3), so that average ratings of >2 were considered high. The PRRS
items were administered on the same form as the C-SHARP.

The CBCL (Achenbach and Rescorla 2001) is a widely used
parent report measure of problem behaviors. Children <6 years of
age received the Preschool version and children >6 years of age
received the School-Age version. Both versions produce age- and
sex-based standard scores. To facilitate the combination of the
Preschool and School-Age versions, only the Externalizing Total
and Internalizing Total were used in the current analyses.

Procedure

This study was approved by the Institutional Review Boards at
the following institutions: Ohio State University (coordinating
site), Nationwide Children’s Hospital of Columbus, University of
Missouri, University of Illinois at Chicago, University of Utah,
Seattle Children’s Hospital, and the Children’s Medical Center of
Dayton. At all sites, parents were asked to complete the C-SHARP,
the PRRS, and the CBCL about their child, considering the
child’behavior over the preceding month.

Statistical analysis

The first goal was to confirm the factor structure of the C-
SHARP and to evaluate the measurement invariance across clinic-
referred samples with and without ASD. We used several data
preparatory methods prior to analysis. In order to ensure an ade-
quate number of responses per category for each C-SHARP item,
rarely endorsed (<5%) response categories were collapsed with the
next lowest category. Missing data (<5% for each subject) were
imputed in five complete data sets using the Amelia package
(Honaker et al. 2011). The imputed data sets were evaluated using
the lavaan package (Rosseel 2012), and pooled according to stan-
dard multiple imputation rules (Rubin 2004).

All CFA procedures were completed using R software (R Core
Team 2014). The general structure of the C-SHARP is shown in
Figure 1. We performed a sequential series of tests of increasingly
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FIG. 1. General structure of the Children’s Scale for Hostility
and Aggression: Reactive/Proactive (C-SHARP). All covariances
were modeled, but were excluded from the diagram for clarity.
This path diagram reflects the factor structure of the C-SHARP
(including three cross-loadings), which was tested in the current
analyses. The measurement invariance analyses in the current
study placed restrictions on some of these paths (and some not
illustrated here) to equality between groups.

restricted parameters. First, we tested configural (structural) in-
variance, followed by weak (equivalent factor loadings), strong
(weak plus equivalent intercepts), strict 1 (strong plus equiva-
lent residuals), and strict 2 (strict 1 plus equivalent latent factor
variance/covariance). In other words, the initial CFA model shown
in Figure 1 was iteratively run with increasing levels of restrictions on
parameters, setting them to equality between groups. Models were
estimated using maximum likelihood with robust standard errors.

A combination approach was used to evaluate model fit. Satorra—
Bentler (SB-) y* was used to evaluate absolute model fit, and >
difference tests were used to compare nested models. Also calcu-
lated was the %> per degrees of freedom for each model, where
lower values indicated better fit. However, 5 tests are very sensi-
tive to large sample sizes. As such, other fit statistics were calcu-
lated based on their frequency of use in the literature and expert
recommendation for use in measurement invariance testing. The
root mean square error of approximation (RMSEA) and standard-
ized root mean residual (SRMR) are reported as goodness of fit
measures for individual models (though their utility in model
comparisons is less clear). Lower values indicate better fit (pref-
erably <0.05 and <0.08, respectively). The Akaike information
criterion (AIC) is reported as a measure of nested or nonnested
comparative fit, where lower values are preferred. Finally, the
comparative fit index (CFI) and McDonald’s non-centrality index
(McNCI) are reported, as they measure fit of an individual model
(with values closer to 1.0 preferred) and have recommended cutoffs
for evaluating nested measurement invariance tests. Simulation
studies suggest that measurement invariance should be rejected at
the p <0.05 level when ACFI <—0.005 or when AMcNCI <—0.010
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(Cheung and Rensvold 2002; Chen 2007). Although these simu-
lation studies also suggested cutoffs for changes in RMSEA,
SRMR, AIC, and other goodness of fit statistics, these were not
considered in this article, as the evidence of their utility is less
consistent, whereas the greatest support exists for ACFI and
AMCcNCI.

Two structural equation modeling reliability estimates were
calculated: Raykov’s (2001) method uses covariance structure
analysis with nonlinear constraints to estimate the reliability of a
factor, controlling for another factor. Bentler’s lower bound (Ben-
tler 2009) is interpreted as the unconditioned reliability of a factor.
This method does not adjust for cross-loadings, and was, therefore,
expected to be lower than the Raykov estimate. In both cases,
possible values range from 0.0 to 1.0, with higher values indicating
greater reliability. Traditional cutoffs are applied: Values >0.70 are
acceptable, values >0.80 are good, and values >0.90 are very good.

The remainder of the validity analyses was completed in SAS
version 9.3 (SAS Institute 2012). Pearson correlations or one way
ANOVA with post-hoc Scheffe tests were used where appropriate.
Differences in dependent correlations were tested using the method
described by Steiger (1980), implemented using an online calcu-
lator (Lee and Preacher 2013). Alpha was set to p<0.05.

Results
Measurement invariance of the Problem Scale

Fit statistics for the models of sequential invariance testing are
presented in Table 1. As expected with the large sample size, the
SB-? was significant for each model, suggesting the data did not fit
the model. However, other fit measures were acceptable, confirm-
ing the fit of the C-SHARP structure described in Figure 1. First,
configural invariance was considered. The RMSEA (0.053) and
SRMR (0.083) suggested that the model performed well, given the
number of items and the multidimensional factor structure of the
scale. In other words, the fit of the model described in Figure 1 was
similar between groups. Next, we tested for weak invariance by
restricting the factor loadings to be equal across groups. The nested
¥ test suggested that weak invariance did not fit the data as well as
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configural invariance (p=0.007). However, ACFI and AMcNCI
did not reject the weak invariance model. Therefore, the data in-
dicated that the model met or exceeded assumptions for weak
invariance.

As such, we proceeded to evaluate strong invariance by equating
the item intercepts across groups. Again, the nested y* test sug-
gested that the less restrictive model (weak invariance) fit better,
but ACFI and AMcNCI were in the acceptable range. Next, the
residuals were equated across groups to evaluate strict invariance.
In this analysis, the nested ¢ test suggested that strict invariance fit
better than strong invariance, and all goodness of fit measures
improved. Hence, the fit indices indicated that strict invariance
characterized the obtained factor structure as well or better than the
weaker versions of invariance. Finally, a stricter form of invari-
ance, equating the latent covariances, further improved the model
on all indices. In summary, the best-fitting model was one that
restricted to equivalence between ASD and non-ASD groups the
following parameters: General structure, specific factor loadings,
item intercepts and residuals, and latent variances/covariances.
This model had the most preferred ledf, CFI, McNCI, AIC, and
RMSEA. The SRMR, however, was higher than preferred. Ad-
ditionally, although the McNCI favored this model, the absolute fit
was still relatively weak (i.e., it is preferable for the McNCI to be
closer to 1.0 than was actually achieved). Factor covariances were
moderate to high (range 0.50-0.90). The strongest relationship was
between the Physical and Bullying factors, which was unsurprising,
as many of the Bullying behaviors take a physical form. The factor
loadings, intercepts, and latent covariance matrix and latent means
for this final model are presented in Tables 2 and 3.

Reliability of the Problem Scale

The reliability estimates are found in Table 2. Factors 1, 2, and 4
(Verbal, Bullying, and Hostility subscales) had reliability estimates
in the good range, indicating that these factors are appropriate for
research and clinical studies on aggression. Factor 5, Physical
Aggression, achieved an acceptable level of reliability on both
metrics. The only factor on which the two reliability methods did
not agree was Factor 3 (Covert), which had a Raykov estimate in

TABLE 1. FiT INDICES COMPARING INCREASING DEGREES OF MEASUREMENT INVARIANCE FOR THE C-SHARP

Fit index Configural Weak Strong Strict V1 Strict V2
Chi-square 4279.1 4332.1 4451.3 4391.7 4400.3
df 2134 2180 2223 2271 2286
Chi-square/df 2.005 1.987 2.002 1.934 1.925
<0.001 <0.001 <0.001 <0.001 <0.001
Scaled difference 472 167.3 54.5 19.4
df 46 43 48 15
p 0.422 <.001 0.240 0.196
CFI 0.797 0.796 0.789 0.799 0.800
ACFI —-0.001 —-0.007 0.010 0.001
McNCI 0.189 0.188 0.177 0.192 0.193
AMCcNCI —-0.001 —-0.011 0.015 0.001
AIC 65992 65900 65814 65718 65688
RMSEA 0.056 0.055 0.056 0.054 0.054
SRMR 0.083 0.089 0.090 0.091 0.113

Models are additive and were tested sequentially, left to right. Constraints for equality across groups placed on each model are as followed: Configural,
structure; weak, loadings; strong, intercepts; strict V1, residuals; strict V2, latent variance/covariance. Low values are better for the RMSEA (good:
<0.05) and the SRMR (good: <0.08). The AIC is a comparative measure of fit with no intrinsic meaning; lower values indicate better fit. CFI and McNCI
are measures of absolute and relative fit; measurement invariance is rejected when ACFI <—0.005 or when AMcNCI <—0.010. The statistic associated with
the preferred model for each index is bolded. Ultimately, the strict V2 model was judged superior and was used as the final model.

C-SHARP, Children’s Scale for Hostility and Aggression: Reactive/Proactive; CFI, comparative fit index; McNCI, McDonald’s non-centrality index,
AIC, Akaike information criterion, RMSEA, root mean square error of approximation, SRMR, standardized root mean residual.
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TABLE 2. FACTOR LOADINGS, INTERCEPTS, AND RESIDUALS FOR THE STRICT V2 MODEL

Item (some paraphrased)

Verbal

10.
14.
16.
23.
27.
28.
31.
35.
40.
49.
53.
55.

Calls others insulting names in their absence.

Says, ““I hate you” or makes other hurtful statements.

Insults others to their faces.

Uses profanity to shock or offend others

Reacts to insults or teasing by lashing out physically.
Calls others insulting names to their faces.

Makes insulting comments behind backs...

Verbally teases others, even after being asked to stop
Says “‘I hate [someone]” or other hurtful things....
Encourages others to gang up on someone...
Verbally threatens others with physical harm

Makes unwanted sexual comments to others

6. Breaks others’ things.
8. Takes others’ things by force

11.
12.
17.

54.

Shoves or pushes others.
Crowds others (invades their personal space).
Throws objects at others

. Steals from others when they aren’t looking.
. Breaks own belongings.

. Charges at others

. Spits at others

. Starts trouble by baiting others

. Hits others with objects

Hits or shoves others forcefully

1. Sneers, ‘‘makes faces’ at others
2. Is “‘sneaky;”” does things “‘on the sly”
9. Broods, pouts, or is sullen

22.
25.
36.
45.
48.

Is overly argumentative

Tickles or physically teases others...

If caught, denies having behaved badly

If caught, makes excuses for bad behavior
Glares at others.

5. Is resentful over seemingly minor issues.
7. Is quick to anger (‘‘hot-headed’’).

18.
19.
21.
38.
42.
51.

Reacts suddenly or impulsively to minor things...
Shouts at others in anger.

Gets mad when caught behaving badly

When angry, is slow to cool off.

Lashes out at people who are in his/her space

Is often grouchy

4. Pinches others.

58.

. Bites others

. Trips others

. Head-butts others.

. Pulls others’ hair.

. Scratches others with fingernails.

. Gets revenge after time has passed...

Tries not to get caught while doing harmful things...

Average factor loading
Raykov’s reliability estimate
Bentler’s lower bound reliability estimate

0.76
0.60
0.83
0.60
0.66
0.86
0.69
0.64
0.72
0.41
0.73
0.21

0.64
0.92
0.86

Bullying  Covert Hostility Physical Intercept Residual

0.58 0.43

0.22 0.83 0.39

0.68 0.31

0.50 0.64

0.77 0.56

0.69 0.26

0.50 0.53

0.60 0.59

0.65 0.48

0.31 0.83

0.57 0.46

0.24 0.96

0.69 0.92 0.53

0.71 1.06 0.5

0.76 1.14 0.43

0.49 1.05 0.76

0.77 1.04 0.42

0.31 0.23 0.66 0.77

0.63 0.89 0.60

0.61 0.80 0.62

0.52 0.57 0.73

0.44 0.56 0.81

0.78 0.91 0.39

0.78 0.94 0.39

0.58 091 0.67

0.52 1.17 0.73

0.22 0.47 1.11 0.56

0.74 1.05 0.46

0.46 0.75 0.79

0.74 0.90 0.45

0.75 0.86 0.43

0.62 0.78 0.61

0.67 0.98 0.55

0.82 1.42 0.34

0.80 1.28 0.36

0.80 1.28 0.36

0.68 1.01 0.54

0.70 1.07 0.51

0.58 0.79 0.66

0.64 0.90 0.60

0.58 0.75 0.67

0.50 0.66 0.76

0.42 0.38 0.82

0.46 0.51 0.79

0.54 0.53 0.71

0.57 0.57 0.68

0.50 0.52 0.75

0.57 0.55 0.67
0.62 0.51 0.68 0.52
0.89 0.83 0.90 0.74
0.87 0.60 0.86 0.74

Some items are paraphrased. Cross-loadings are intentional. For brevity, non-algorithm items are omitted. Item intercepts are a latent representation of
the observed item mean. Therefore, they are similar but not identical to the mean rating on each item. Item residuals reflect the error variance, or variance
in the observed item for which the structural model cannot account. Reliability estimates are interpreted on the conventional scale: >0.7, acceptable; >0.8
good; >0.9 very good.

the good range (0.83) and a Bentler’s lower bound estimate in the
poor range (0.60).

Validity of the Problem and Provocation Scales

CBCL scores were available for 457 (71%) participants.
C-SHARP Problem Scale scores were significantly and positively

correlated with CBCL Externalizing and Internalizing Syndrome
Scales (Fig. 2). Consistent with expectations, Pearson correlations
for all C-SHARP subscales were significantly (p <0.001) stronger
with the CBCL Externalizing Scale than with the Internalizing
Scale.

Initially, the threshold for categorization as PRRS Reactive and
PRRS Proactive was set at 2; however, only nine of 644 subjects
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TABLE 3. STRICT V2 LATENT COVARIANCE MATRIX

Verbal Bullying Covert Hostile Physical
Verbal 1.00
Bullying 0.54 1.00
Covert 0.77 0.57 1.00
Hostile 0.68 0.72 0.80 1.00
Physical 0.53 0.91 0.52 0.58 1.00
Non-ASD mean 0 0 0 0 0
ASD mean -024 -044 -046 -0.26 -0.34

ASD, autism spectrum disorder.

had a PRRS Proactive item mean score that exceeded this thresh-
old. Therefore, subjects were considered Proactive or Reactive if
the item-mean score was >1 on the PRRS Proactive and Reactive
subscales, respectively. The majority of the sample (n=410, 64%)
was classified as neither Proactive nor Reactive (see Fig. 3). Ap-
proximately 35% (n=228) of the sample surpassed the threshold
for Reactive, as did 9% (n=58) for Proactive. PRRS Proactive and
Reactive classifications were not mutually exclusive; only six
(<1%) participants were classified as Proactive only. Because of its
small size, this group was excluded from further analysis.

C-SHARP Provocation Total scores were compared between the
PRRS groups (Reactive Only, Combined Proactive + Reactive, and
Neither Reactive nor Proactive). Consistent with expectations,
subjects in the Combined Proactive and Reactive group received
higher scores on C-SHARP Proactive Total than the Reactive only
group, who received significantly higher scores than the Neither
group (Fig. 3). A similar pattern was observed for the C-SHARP
Reactive Total; both the Combined Proactive and Reactive group
and the Reactive group had higher C-SHARP scores than the
Neither group; however, the Combined and Reactive only groups
did not differ.

Discussion

The primary goal of this study was to confirm the factor structure
and establish the measurement invariance of the C-SHARP be-
tween clinic-referred samples, namely subjects diagnosed with
ASD and those without. We demonstrated acceptable-to-good fit of

CBCL Syndrome Scale

Pearson's r with CBCL

3 ’p’ \‘ e Exlemalizing
,..-.--""" \s - == |nlemalizing
2 - - L
A
0
Verbal Bully Covert Hostile Physical
C-SHARP Problem Scale

FIG. 2. Pattern of Pearson correlations between the Children’s
Scale for Hostility and Aggression: Reactive/Proactive (C-SHARP
Problem Scale) and the Child Behavior Checklist (CBCL) Syn-
drome subscales; n=457 (some children missing CBCL); all
correlations p<0.0001; test of difference in dependent correla-
tions all p<0.001.
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the C-SHARP factor structure, as well as strict invariance in both
ASD and non-ASD samples, indicating that differences between
groups on observed (factor) scores may be interpreted as resulting
directly from differences on the underlying constructs measured by
the C-SHARP. The secondary goal was to evaluate the construct
validity of the C-SHARP by comparing it to two existing scales, the
CBCL and the PRRS. Consistent with our hypotheses, the C-
SHARP Problem Scale was more strongly associated with the
Externalizing subscale of the CBCL than with the Internalizing
one, and the C-SHARP Provocation scales were predictably related
to the PRRS Proactive and Reactive ratings.

The demonstration of measurement invariance of the C-SHARP
is an important step that has only recently been commonly ac-
knowledged in ASD research (e.g., White et al. 2015). In this study,
the best-fitting model constrained to equality between groups the
latent variance/covariance matrix between factors on the C-
SHARP. This indicates that the correlations between C-SHARP
scores are similar between groups. Such evidence is not required to
compare scores between groups, but Widaman and Reise (1997)
characterized it as more ‘‘elegant” (p. 298). Researchers disagree
on whether strict invariance should be expected or required, ar-
guing that perhaps only strong invariance should be expected with
clinical data (Meredith 1993; Widaman and Reise 1997). However,
strict invariance provides excellent evidence for the comparability
of scores between groups (ASD and non-ASD, in our case), which
is a cornerstone of clinical research. For example, a previous study
published on this data set found mean differences between the ASD
and non-ASD groups on all C-SHARP subscales, the interpretation
of which depends upon measurement invariance (Farmer et al.
2015).

Factor reliability was generally in the good range, indicating that
the C-SHARP is appropriate for research and clinical studies of
aggression. Given that strict invariance was demonstrated, the re-
liability estimates are identical across groups. One note of caution
is warranted regarding Factor 3 (Covert): Raykov’s method indi-
cated that the reliability of this factor was good, provided that the
other scales are considered. However, Bentler’s lower bound esti-
mates the unconditioned reliability of a factor, independent of the
other factors, and found the reliability of Factor 3 to be poor. This is
perhaps unsurprising, as successful covert behavior should be, by
its secretive nature, difficult to rate reliably. In practice, this means
that Factor 3 may be used confidently by clinicians and researchers
as long as the full C-SHARP is administered, but it should be
interpreted with caution if it is used alone.

Scores on the C-SHARP Problem scale were more strongly re-
lated to the CBCL Externalizing total than to the Internalizing total,
supporting the construct validity of the instrument. The Ex-
ternalizing total comprises the Aggression and Attention Problem
subscales, as well as Rule Breaking Behavior for school-age par-
ticipants; therefore, it is unsurprising that C-SHARP scores are
related to this index. However, the C-SHARP goes into much
greater detail (48 items about aggression versus about 20 items on
the CBCL); therefore, it is unsurprising and even encouraging that
the correlations were generally moderate. Stronger correlations
might suggest that the scales are redundant. The weak correlations
between the C-SHARP and the CBCL Internalizing scale (Emo-
tionally Reactive [preschool only], Anxious/Depressed, Somatic
Complaints, and Withdrawn subscales) confirm that the two con-
structs are only loosely related. Thus, the divergent validity of the
C-SHARP was supported.

This was the first study to evaluate the construct validity of
the C-SHARP Provocation scales, which are intended to measure
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Proactive Reactive Rating
Scale (PRRS) Category

C-SHARP Provocation Scores
by PRRS Category

B. Reactive Only
n=176 (27%)

A. Neither Reactive
nor Proactive

‘ C. Proactive + n=410 (64%)

Reactive
n=52 (8%)

S,

D. Proactive Only
n=6 (1%)

OA. Neither
mE. Reactive Only

u C. Proactive + Reactive

C-SHARP

Reactive Total
F(2,635)=29.85, p<.0001

C-SHARP

Proactive Total
F{2,635)=284.5, p<.0001

FIG. 3. Comparison of Proactive/Reactive Rating Scale (PRRS) classifications and Children’s Scale for Hostility and Aggression:
Reactive/Proactive (C-SHARP) Provocation Scale scores; *p <0.05. Figure shows relationship between PRRS classifications and C-
SHARP Provocation Total Scores. PRRS-Proactive Only was excluded from C-SHARP analysis because of the small sample size
(n=6). Error bars are standard deviation. F values correspond to omnibus test; post-hoc Scheffe tests were used to evaluate between-
group differences. C-SHARP Provocation Proactive and Reactive Scores are the total number of items rated by the parent as Proactive
or Reactive, respectively (out of a possible 51). Neutral scores are excluded.

the degree to which a subject’s aggressive behavior is reactive/
impulsive or proactive/instrumental. Patterns of scores on the C-
SHARP reactive and proactive scales were consistent with expec-
tations based on PRRS classifications, supporting their validity.
However, there were several other noteworthy results of these an-
alyses. First, a very small proportion of subjects (~1%) met the
established criterion for PRRS Proactive classification, which was
stricter than the criterion we ultimately employed. Although one
may not expect high rates of proactive aggression in a sample
referred for developmental assessment, this rate differs dramati-
cally from the 9% of schoolchildren classified as Proactive in both
the PRRS development study and a subsequent study (Dodge and
Coie 1987; Salmivalli and Nieminen 2002), and the 59% of sub-
jects classified as Proactive in a study of psychiatrically referred
children and adolescents (Connor et al. 2004). It may be that the
PRRS is simply not sensitive enough to assess a more nuanced
presentation of proactivity in patients presenting for developmental
evaluation. If this is true, the practical utility of the PRRS might be
quite limited in this context.

Second, in contrast to the few subjects classified as Proactive, a
sizeable proportion (35%) of subjects were categorized by the PRRS
as Reactive, suggesting that impulsive or reactive aggression is a
salient construct in the developmental clinic-referred population.
Subjects classified by the PRRS as Reactive were also rated more
frequently as Reactive on the C-SHARP. Importantly, the C-SHARP
gathers specific information only about the parents’ impression of
whether the behavior was planned or not, and not about other flags of
impulsive aggression, such as negative emotions such as frustration,
regret, guilt, or fear (Donovan et al. 2003). Still, experts in the field
suggest that the gold standard of impulsive aggression measurement
may be a battery that combines measurement of specific behaviors
with measures of impulsive traits (Jensen et al. 2007). Therefore,

it may be that the combination of the C-SHARP Problem and
Provocation scales will be a useful tool in the increasing number of
studies of impulsive aggression in youth with DD.

A major criticism of aggression scales is the degree to which
they fail to separate the form and function of behaviors (Little et al.
2003). This is common, and may be a limitation of instruments such
as the C-SHARP and the CBCL. Other limitations of this study
include the heterogeneous nature of the non-ASD comparison
group; although the uniting aspect was that they were all referred
with suspicion of ASD, the final diagnoses varied. The instruments
selected to demonstrate the validity of the C-SHARP scales are
widely used and researched, but there are other (more detailed)
measures of impulsive/reactive and proactive/instrumental ag-
gression (for review, see Polman et al. 2007). One group has iso-
lated an impulsive aggression subscale from the CBCL items
(Jensen et al. 2007); however, we did not have access to item-level
data for this instrument, and hence could not use this more refined
score in the current study.

The results of this study suggest that the C-SHARP may be a
useful scale for researchers studying aggressive behavior in chil-
dren with DD. Future research should establish the sensitivity to
treatment, in order to determine the utility of the instrument for use
in clinical trials. Furthermore, correspondence between the
C-SHARP and its adult counterpart, the A-SHARP (Matlock and
Aman 2011), should be explored.

Conclusions

Subtypes of aggression are useful in characterizing patients and
predicting outcome, and the C-SHARP is one of the few measures
designed to assess subtypes of aggression in individuals with
DD. We confirmed the factor structure of the C-SHARP and
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demonstrated its measurement invariance across clinic-referred
samples with and without ASD. With measurement invariance
established, users may be confident that between-group differences
are reflective of differences in the construct, rather than error or
unmeasured influences. We also presented evidence of construct
validity; C-SHARP Problem Scale scores were associated with
both the CBCL Externalizing and Internalizing scales as expected,
and the C-SHARP Provocation scores were associated with the
External Proactive/Reactive ratings as expected. Users should feel
confident of the psychometric profile of the C-SHARP in children
with DD, and may find it to be an excellent alternative to broadband
assessments such as the CBCL or Nisonger Child Behavior Rating
Form (NCBRF).

Clinical Significance

Based on this and previous research, the C-SHARP has sub-
stantial data attesting to its validity and reliability. When used with
its adult counterpart, the A-SHARP, the scale can be used to trace
the course of aggression over much of the lifespan. Together, the C-
SHARP and the A-SHARP may be good options for identifying
clinically problematic aggression, for comparing levels of aggres-
sion among clinic-referred samples, and for monitoring treatment
effects in patients requiring intervention.
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