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Abstract

Parents of children with autism spectrum disorders (ASD) consistently report executive
functioning (EF) deficits. This study investigates the factor structure of the Behavior Rating
Inventory of Executive Function (BRIEF) as reported by parents of children with ASD and
typically developing children (TDC). BRIEFs for 411 children with ASD and 467 TDC were
examined. Confirmatory factor analysis of a nine-factor model met thresholds for goodness-of-fit
in TDC, but not in the ASD sample. We found globally elevated EF problems in the ASD sample,
especially on the Shift scale. These findings confirm that children with ASD exhibit significant EF
deficits. Further investigation is needed to understand the pervasive nature of cognitive
inflexibility in children with ASD.
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Introduction

Autism spectrum disorders (ASD) are characterized by deficits in social-communication,
and the presence of repetitive, restricted behaviors and interests. Executive functioning (EF)
difficulties are correlated with core symptom presentation (e.g., Kenworthy et al. 2009;
Lopez et al. 2005; Reed et al. 2013; Yerys et al. 2009a) and adaptive behavior difficulties in
ASD (Gilotty et al. 2002) and are linked to decreased independence and poor outcomes in
adulthood (Hume et al. 2009). EF deficits are commonly reported in school age children
with ASD, who have difficulty with EF tasks within the context of a heuropsychological
assessment (Hill 2004; Kenworthy et al. 2008; Pennington and Ozonoff 1996; Sergeant et al.
2002) as well as through informant report of everyday functioning (Gioia et al. 2002a;
Mackinlay et al. 2006; Kenworthy et al. 2005; Winsler et al. 2007).

Many definitions and descriptions of EF exist, generally stating that they are a collection of
interconnected processes, which are responsible for planning and executing goal-directed
behavior (e.g., Lezak 1995; Welsh and Pennington 1988). They are often reported to include
the following major components: impulse control, initiation of tasks or activities, working
memory, self-monitoring, cognitive flexibility, planning ability and organizational skills, as
well as efficient problem-solving (Anderson et al. 2008). The structure of EF in ASD has
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implications for clinical practice. Both informant report (Gioia et al. 2002a) and laboratory
based assessments (Pennington and Ozonoff 1996) identify EF deficits in ASD across many
domains and on tasks that make demands on multiple processes. Cognitive and behavioral
flexibility is a specific EF impairment for many individuals with ASD (Gioia et al. 2002a;
Rosenthal et al. 2013), and laboratory measures also suggest organization and planning
weaknesses (Hill 2004; Kenworthy et al. 2005). Difficulty with flexibility, organization and
planning are specifically described as features of ASD in the Diagnostic and Statistical
Manual of Mental Disorders-Fifth Edition (DSM-5; American Psychiatric Association
2013). Impaired flexibility is reflected in core symptoms of insistence on sameness and
inflexible patterns of behavior and thinking (D’Cruz et al. 2013; Lopez et al. 2005; Reed et
al. 2013, 2011; Yerys et al. 2009a). In addition, impaired planning and organizational skills
are now explicitly referenced in the DSM-5 severity levels for ASD, which indicate that
“problems of organization and planning hamper independence” in this population.

Researchers have identified limitations with assessing EF skills during neuropsychological
assessment (Gioia and Isquith 2004; Silver 2000). For example, the highly structured clinical
setting where assessments are often conducted is not representative of real world EF
demands (Bernstein and Waber 1990). Consequently, children may perform within the
expected levels on EF tasks in the clinic setting but perform poorly in daily activities that
require EF abilities (Powell and Voeller 2004). This suggests that gathering information
from parents and teachers about EF in everyday situations is critical, because everyday
situations provide less structure, and because survey knowledgeable informants can collapse
across many experiences and time to provide a more accurate assessment than might be
offered by a single neuropsychological assessment (Burgess 1997). The Behavior Rating
Inventory of Executive Function (BRIEF, Gioia et al. 2000) is an informant-report measure
that was designed to assess EF abilities in the home and school environments. The BRIEF
assesses EF problems across multiple domains within one measure. Recent analyses of the
BRIEF in a mixed clinical sample (Gioia et al. 2002b) and with typically developing adults
(Roth et al. 2013) support a factor structure of nine scales with three higher-order indices.

The purpose of this study was to examine the factor structure of the BRIEF as reported by
parents of children with ASD and age and sex matched typically developing children (TDC).
It is unknown whether the nine-factor structure identified in TDC groups is also observed in
children with ASD. Given evidence of pervasive EF problems across all domains in ASD, as
well as peaks of difficulty related to inflexibility, organizational skills, and planning abilities,
we tested the hypothesis that the factor structure of parent reported EF problems in ASD
might differ from that observed in TDC.

Four hundred and eleven children with ASD (348 males, 63 females, age range 5-18 years,
mean = 10.6, SD = 3.2) were assessed at Children’s National Medical Center, the National
Institute of Mental Health, and the Children’s Hospital of Philadelphia. Included participants
received an ASD diagnosis from trained and experienced clinicians applying DSM-IV-TR
criteria (APA 2000) and met diagnostic criteria established by the NICHD/NIDCD
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Collaborative Programs for Excellence in Autism (Lainhart et al. 2006) using expert clinical
judgment based on all available clinical data including the Autism Diagnostic Interview/
Autism Diagnostic Interview-Revised (ADI/ADI-R; Le Couteur et al. 1989; Lord et al.
1994) and the Autism Diagnostic Observation Schedule (Lord et al. 2000), or met the
revised criterion score (ASD threshold =12: Corsello et al. 2007) for an ASD on the Social
Communication Questionnaire (SCQ; Rutter et al. 2003). All ASD participants had a Full
Scale 1Q score = 70, which was assessed using the Wechsler Intelligence Scale for Children-
Fourth Edition (WISC-1V; The Psychological Corporation 2003), Wechsler Abbreviated
Scale of Intelligence (WASI; The Psychological Corporation 1999), Wechsler Preschool and
Primary Scale of Intelligence-Third Edition (WPPSI-111; The Psychological Corporation
2002), and Differential Ability Scales (DAS, The Psychological Corporation 1990).
Participants were excluded if they had any parent reported history of co-morbid genetic or
neurological disorders (e.g., Fragile X syndrome, Tourette’s syndrome, epilepsy).

Data from 467 age and sex matched TDC (394 males, 73 females, age range 5-18 years,
mean = 10.2, SD = 3.2) were selected from the larger BRIEF normative sample of 1,419
children. The normative data were obtained through public and private school recruitment in
urban, suburban, and rural parts of Maryland. All TDC had no history of special education
or psychotropic medication usage (Gioia et al. 2000).

See Table 1 for demographic information.

Approval of the present study was obtained from Institutional Review Boards at Children’s
National Medical Center, the National Institutes of Health, and the Children’s Hospital of
Philadelphia. The BRIEF, intelligence and diagnostic assessments of ASD participants were
completed as part of larger protocols.

The Behavior Rating Inventory of Executive Functioning (BRIEF; Gioia et al. 2000) is an
86-item, parent-report inventory that measures EF skills in children ages 5-18 years. Each
item is scored on a Likert scale from 1 (Never) to 3 (Often). The BRIEF contains eight
scales corresponding to the following EF subdomains: inhibition, shift, emotional control,
initiation, working memory, planning and organization, organization of materials, self-
monitoring. In addition, there are two higher-order indices: the Behavioral Regulation Index
(comprised of the Inhibition, Shift, and Emotional Control scales) and the Metacognition
Index (comprised of the Initiate, Working Memory, Planning and Organization, Organization
of Materials, and Monitor scales), and an overall Global Executive Composite score. Raw
scores on each of the domains are converted to T-scores; T-scores =65 indicate “potential
clinical significance” (Gioia et al. 2000, p. 14). In addition to the eight scales in the
published instrument, a nine scale factor structure has been proposed, in which the Monitor
scale is split into Self-Monitor and Task-Monitor and the nine scales load onto three indices,
Behavioral Regulation, Emotional Regulation, and Metacognition (Gioia et al. 2002b; Roth
et al. 2013). There were no missing data from the BRIEFs of either the ASD or TDC groups.
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The Autism Diagnostic Interview/Autism Diagnostic Interview-Revised (ADI/ADI-R; Le
Couteur et al. 1989; Lord et al. 1994) is an interview conducted with the primary caregiver
for differential diagnosis of ASD. The domains assessed in the algorithm match the criteria
for diagnosis in the DSM-IV (American Psychiatric Association 1994). The three main
diagnostic domains are assessed in the diagnostic algorithm, including Reciprocal Social
Interaction, Communication, and Restricted, Repetitive, and Stereotyped Patterns of
Behavior.

The Autism Diagnostic Observation Schedule (ADOS; Lord et al. 2000) is a semi-structured
assessment that includes play and conversational interviews designed to assist with diagnosis
of ASD. Like the ADI/ADI-R, the ADOS algorithm was also created to align with the DSM-
IV criteria for an ASD, and the diagnostic algorithm included items related to reciprocal
social interaction and communication skills.

The Social Communication Questionnaire (SCQ); Rutter et al. 2003) is a parent report
questionnaire based on the ADI that evaluates social functioning, communication skills, and
repetitive behaviors, both historically and currently. The SCQ Total score shows strong
correlations with the ADI-R (r = 0.71) (Berument et al. 1999).

Data Analyses

Results

Confirmatory factor analysis (CFA) using a robust weighted least squares estimation method
was run to assess three, eight, and nine factor models representing BRIEF scores in children
with ASD and TDC. The models were chosen based on previous findings in support of a
three index, nine-scale factor structure (Gioia et al. 2002b; Roth et al. 2013) and the original
BRIEF analyses published with the measure indicating an eight-scale factor structure (Gioia
et al. 2000). In addition, second-order CFAs were conducted in both the ASD and TDC
groups, specifically a model evaluating the fit of the nine scales (i.e., Inhibition, Shift,
Emotional Control, Initiate, Working Memory, Planning and Organization, Organization of
Materials, Self-Monitor, and Task-Monitor) nested in the three higher-order indices (i.e.,
Behavioral Regulation, Emotional Regulation, and Metacognition). The data from the
BRIEF are ordinal and therefore CFAs were conducted using polychoric correlations and
asymptotic covariance matrices (DiStefano 2002; Flora and Curran 2004). Criteria for each
index of fit were as follows: root mean squared error of approximation (RMSEA) <0.06;
comparative fit index (CFI) and Tucker-Lewis Index (TLI) 20.95 (Hu and Bentler 1999). We
explored the data further by conducting a two (ASD, TDC) x eight (each BRIEF scale)
repeated measures analysis of variance (ANOVA) to compare the ASD BRIEF scores to the
TDC BRIEF scores. Post-hoc independent and paired #tests were used to assess differences
on specific BRIEF scale scores.

Table 2 describes the summary of fit indices for the CFA. The three-factor and eight-factor
models were relatively poor fits for BRIEF ratings in the ASD and TDC groups. The CFA of
the nine-factor model met thresholds for goodness-of-fit in the TDC group, but not the ASD
group. Exploratory model modification indices revealed that a cognitive flexibility item (#8)
from the Shift subscale: “Tries the same approach to a problem over and over even when it
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does not work,” loaded strongly across all scales contributing to the Metacognition Index in
the ASD, but not the TDC group. Further exploration of this item was completed. We
attempted to free the parameters as well as remove the item entirely from the analysis and
both methods led to other areas of strain in the model. We also tested other theoretically
based model modifications, but none of the attempts to improve model fit resulted in
acceptable fit indices.

Given the influence of item 8 (related to cognitive flexibility) in the exploratory model
modification indices as well as previous literature that describes elevated inflexibility in
children with ASD (e.g., Kenworthy et al. 2008; Rosenthal et al. 2013), we explored the
frequency of item 8 endorsement in the TDC and ASD groups and the profile of BRIEF
scales. Scores on item 8 were higher in the ASD than the TDC group. Seventy-two percent
of parents rated children in the ASD group as having difficulty with item 8, compared to

32 % in the TDC group. (See Table 3 for frequency scores.) A repeated measures ANOVA
showed a significant main effect of group across BRIEF scales (F(1,876) = 484.61, p <.001,

1712, = 0.356). Post-hoc #tests showed that the ASD group had significantly higher scores on

all BRIEF scales as compared to the TDC group (& > 11.8, ps < 0.001). See Fig. 1. The
ASD group’s Shift scale had the highest mean T-score (M= 70.1). An additional repeated
measures ANOVA within the ASD group showed a significant main effect of scale
(F(5.2,2151) = 75.79, p < 0.001, ni = 0.156). Post-hoc paired-samples #tests revealed that

the Shift scale was significantly higher than all other BRIEF scales in the ASD group (& >
5.1, ps < 0.001).

Discussion

To the best of our knowledge, this is the first study investigating the factor structure of EF in
everyday settings with both TDC and children with ASD. In addition, this is the largest
sample of children with ASD yet investigated using the BRIEF. We confirmed the nine-
factor model of the BRIEF in our TDC group (i.e., Inhibition, Shift, Emotional Control,
Initiate, Working Memory, Planning and Organization, Organization of Materials, Self-
Monitor, and Task-Monitor) reported previously (e.g., Roth et al. 2013), and the second-
order model where the nine BRIEF scales were nested in three higher-order indices (i.e.,
Behavioral Regulation, Emotional Regulation, and Metacognition). However, the three-
factor model alone (Gioia et al. 2002b; Roth et al. 2013) was not confirmed among TDC in
this study. In the ASD group none of the models met goodness of fit criteria and further
analysis that involved attempts to free parameters and remove items, continued to lead to
other areas of strain in the model.

We explored potential explanations for why the ASD group did not fit the same factor
structure as the TDC group. Consistent with previous research (e.g., Gioia et al. 2002a), the
BRIEF in children with ASD was elevated across scales, perhaps contributing to the poor
goodness-of-fit. However, we utilized a robust estimation method to account for the ordinal
nature of the data and the nonnormal distribution of the scores in the ASD group. Thus, the
poor model fit in the ASD group is likely not attributable to higher BRIEF scores. An
alternative explanation for the failure to replicate the TDC factor structure in the ASD data is
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the unusual dominance of flexibility problems in the ASD EF profile. In the ASD, but not
the TDC sample, a single cognitive flexibility item (“Tries the same approach to a problem
over and over even when it does not work,”) loaded highly on all BRIEF Metacognitive
Index scales, and this item was endorsed as a problem by more than two-thirds of ASD
parents but only a third of TDC parents. We also confirmed previous reports that the Shift
scale is a significant peak in EF problems within the ASD group when compared to the other
BRIEF scales (Gioia et al. 2002a; Kenworthy et al. 2005; Rosenthal et al. 2013). These
findings are consistent with performance-based measures identifying cognitive flexibility
deficits in ASD (Hill 2004; Reed et al. 2013; Yerys et al. 2009a) and raise the possibility that
the predominance of flexibility problems within the profile of EF domains in ASD interferes
with observation of the expected factor structure of EF in this group. Although this is an
exploratory analysis, it reveals theoretically consistent findings, which has been previously
identified as justification for interpreting the model modification indices (Schreiber et al.
2006).

Contrary to reports from laboratory based assessments, we did not find that parents reported
problems with planning and organization to a greater degree than problems in other EF
domains. This is consistent with another recent study involving the BRIEF from our lab
(Rosenthal et al. 2013). The Plan/Organize scale was significantly elevated for the ASD
group compared to TDC, but it was not in the clinically significant range and was lower than
several other scales in addition to Shift. The divergence of planning and organization deficits
between informant report and performance-based findings could reflect poor overlap
between the two sources of information. Alternatively, the BRIEF Plan/Organize questions
may not fully capture the impaired planning and organization that is so evident to clinicians
in high functioning children with ASD (American Psychiatric Association 2013).

There were several limitations to this study. It excluded children with intellectual disability
and children with medical and/or genetic conditions and therefore the findings may not
generalize to all children with ASD. It also relied solely on parent report of EF. Future
studies are needed to investigate teacher rating measures and performance-based measures in
order to replicate these findings across settings and methods of assessment. Future studies
could investigate the factor structure of performance-based EF measures to better understand
the nature of cognitive inflexibility in children with ASD. Finally, under the new DSM-V
criteria, clinicians have the opportunity to diagnose comorbid Attention Deficit/
Hyperactivity Disorder (ADHD), which was not allowed utilizing the diagnostic criteria of
Autistic Disorder, Asperger’s Disorder, or Pervasive Developmental Disorder-Not Otherwise
Specified in the DSM-IV-TR. Since previous research has shown that comorbid ADHD
negatively impacts EF in children with ASD (Corbett et al. 2009; Sinzig et al. 2008; Yerys et
al. 2009b), future studies should consider the effect of co-morbid ADHD on the factor
structure of EF in ASD. More generally, investigating whether children with ADHD, ASD,
and comorbid ASD and ADHD have different BRIEF profiles would be a useful extension
of earlier work (Gioia et al. 2002a) examining the discriminative validity of the BRIEF in
clinical populations.

The current study confirms that children with ASD experience significant EF difficulties in
everyday settings—with an emphasis on cognitive flexibility. Our results suggest that
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cognitive inflexibility is pervasive across metacognitive areas of EF within this population.
These results have clinical implications. For example, due to the perseverative nature of
cognitive flexibility in children with ASD, an intervention that focuses specifically on
flexibility training (e.g., Cannon et al. 2011; Kenworthy et al. 2014), may lead to direct
improvement in other metacognitive EF domains. By focusing on the EF area of most
difficulty for children with ASD (i.e., cognitive inflexibility), working memory, planning,
and organizational skills may also benefit. This will be an important hypothesis to test in
future studies. In addition, these data confirm that the BRIEF is sensitive to EF deficits in
ASD and also identify a unique profile of EF deficits, which emphasizes problems with
flexibility. This makes the BRIEF a useful clinical tool in ASD (Leung and Zakzanis 2014;
Tunc et al. 2014), but assumptions about the factor structure of the BRIEF in ASD
populations should not be premised on findings from TDC. Finally, the fact that we
replicated the normative factor structure in TDC but not those with ASD underscores the
need to directly investigate the factor structure of complex constructs such as EF with other
clinical populations before assuming that it matches that seen in TDC.
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Fig. 1.
BRIEF Scale mean T-scores with standard error for ASD and TDC group
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Table 1
Demographics (mean (SD))
Participants ASD TDC
Total N 411 467
Age 10.7(32) 10.2(3.2)
% Male 84.7 84.4
SCQ (N = 290) 196 (6.2) -
ADI (N = 332)
Reciprocal social interactions 18.6 (6.3) -
Communication 15.0(4.9) -
Restricted, repetitive, and stereotyped behavior 5.7 (2.6) -
ADOS communication + social (N = 328) 11.7(44) -
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Table 3
Cognitive inflexibility item (BRIEF item 8) frequency in ASD and TDC

TDC (%) ASD (%)

Never 68.1 28.0
Sometimes  30.0 48.9
Often 1.9 23.1
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