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Abstract Restricted and repetitive behaviors in autism

spectrum disorders have been conceptualized to reflect

impaired executive functions. In the present study, we

investigated the performance of 6–17-year-old children

with and without an autism spectrum disorder on a

dimension-change card sort task that explicitly indicated

sorting rules on every trial. Diagnostic groups did not differ

in speed of responses after the first rule switch or in speed

or accuracy on blocks with mixed versus single sort rules.

However, performance of the ASD group was significantly

slower and less accurate overall than the typically-devel-

oping group. Furthermore, within the ASD group, poorer

DCCS task performance did not predict more severe autism

symptoms. Implications for the executive dysfunction

theory of autism are discussed.

Keywords Autism � Set shifting � Dimension-change

card sort task � Repetitive behaviors � Executive

functioning � Children

Introduction

The executive dysfunction account of autism conceptual-

izes symptoms of restricted and repetitive behaviors, a core

feature of autism, to reflect the impaired ability to adapt

flexibly to changing environmental contingencies (Russell

1997; Turner 1999). Executive functions refer to a range of

abilities, including behavioral inhibition, planning, work-

ing memory, set shifting, and mental flexibility (Baddeley

1986; Lezak 1995; Pennington 1994; Hill 2004). These
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abilities require the integration of a variety of basic skills

(e.g., language and working memory) to achieve the

higher-order processing of information, goal attainment,

and appropriate emotional responses (Christ et al. 2007).

Difficulties with cognitive flexibility are consistent with the

clinical phenomenon of the repetitiveness and rigidity that

characterizes autism: cognitive inflexibility is manifest as

repetitive motor behaviors, perseverative responding, and

difficulty with modulating ongoing cognitive and motor

behavior (Lopez et al. 2005). Moreover, executive deficits

may mediate, at least in part, poorly modulated social

behaviors in autism (Happe et al. 2006).

Numerous studies have documented impaired executive

function in autism spectrum disorders (ASDs). For exam-

ple, a large-scale study of neuropsychological profiles of

individuals with autism on The Cambridge Neuropsycho-

logical Test Automated Battery (CANTAB, Robbins et al.

1994) found significant group differences in planning

efficiency and extradimensional shifting (Ozonoff et al.

2004), confirming previous reports of poor planning

(Ozonoff 1998) and ‘‘stuck-in-set’’ (Hughes et al. 1994)

deficits in autism. The largest effect sizes of executive

function deficits have been found on the Wisconsin Card

Sorting Test (WCST) and Tower of London and Tower of

Hanoi tasks (Pennington and Ozonoff 1996; Sergeant et al.

2002), and an oft-cited review by Elizabeth Hill (2004)

indicates that a majority of studies have found persevera-

tive impairments on the WCST in autism (e.g., Ozonoff

and Jensen 1999; Ozonoff et al. 1991).

However, clearly not all studies of executive function in

autism indicate deficits (e.g., Minshew et al. 1992; Nyden

1999; for a review, see Geurts et al. 2009). These seem-

ingly contradictory findings may reflect that executive

function is not a unitary construct, but may be subdivided

into more elemental components (see Kenworthy et al.

2005 for a review). For example, set-shifting tasks such as

the WCST, the Trail-making task, and the Intradimen-

sional/Extradimensional (ID/ED) task from the CANTAB

require not only flexible adaptation to changing rules, but

also working memory of each new rule (e.g., Russell et al.

1996). This potential confounding factor is particularly

noteworthy given that working memory has been reported

to be impaired in ASD (Barnard et al. 2008; Belleville et al.

2006; Bennetto et al. 1996; Russell et al. 1996; Williams

et al. 2005).

Another contributing factor to inconsistencies in the

literature may be that individuals with autism perform

better on tests of perseveration when administered by a

computer rather than by an experimenter (cf. Ozonoff

1995), suggesting that the social-cognitive demands of

responding to a person, relative to a computer, may spu-

riously inflate perseverative deficits in autism samples.

Both potential confounding factors are mitigated by the use

of the computerized version of the Dimensional-Change

Card-Sort task (DCCS; Zelazo et al. 1996) that explicitly

indicates the sort rule on every trial.

By minimizing working memory demands, the DCCS

allows for a more narrowly-defined measure of set-shifting.

The DCCS was originally developed to evaluate set shift-

ing abilities in nonclinical samples, and typically devel-

oping 3–4-year-old children exhibit a particular pattern of

responding: although they can report the correct sorting

rules throughout the task, they nevertheless sort incorrectly

when the sort rule changes (Diamond and Kirkham 2005).

This behavior has been conceptualized to reflect a broader

dissociation between action and explicit knowledge in

children, and accounts for the ability of children to act

appropriately despite an inability to describe the basis of

such actions, and, conversely, to act inappropriately despite

knowing what to do (Church and Goldin-Meadow 1986;

Dempster 1992). This tendency to perseverate to previ-

ously-learned rules has been described as ‘‘attentional

inertia,’’ and may be attenuated when children are

encouraged to refocus their attention or strengthened when

incorrect rules are made more salient (Kirkham et al.

2003). Furthermore, the dissociation between intent and

appropriate action appears to decline with development,

only to reappear later in life (Dempster 1992). An alter-

native explanation that has been proposed by Perner (2002)

is the ‘‘redescription hypothesis,’’ which postulates that

young children have difficulty understanding that an object

may be labeled in multiple ways.

Despite evidence that by the age of 4–5, typically-

developing children ‘‘solve’’ the DCCS task by demon-

strating adult-like accuracy performance (Zelazo et al.

1996), Diamond and Kirkham (2005) demonstrated that

even typically-developing adults demonstrate delayed

reactions times, despite near-perfect accuracy, on trials

where the sorting rule is different from the initial rule.

Thus, although DCCS accuracy is the more sensitive

measure of attentional inertia in children (Cohen et al.

2001), reaction time appears to capture the phenomenon in

adults, reflecting that adults are able to respond correctly,

but only at the cost of response speed.

To date there are few investigations of relations between

measures of executive function and repetitive behaviors in

ASDs (c.f. Dichter et al. 2009). In one such study, South

et al. (2007) reported a positive correlation between per-

severative responding on the WCST and stereotyped

behaviors on the Autism Diagnostic Interview-Revised

(Lord et al. 1994) and the Autism Diagnostic Observation

Schedule (Lord et al. 2000). However, they did not find

significant relations between perseverative responses and

repetitive behaviors as assessed via the Repetitive Behavior

Interview (Turner 1997) or the Yale Special Interests

Interview (South et al. 1999). The authors highlighted the
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need to use symptom measures that encompass the full

range of repetitive behaviors observed in ASD. They also

suggested a focus on narrower neurocognitive constructs to

further refine the boundary conditions of executive func-

tion deficits in autism. The present study addresses these

two recommendations by using the Repetitive Behavior

Scale-Revised (Bodfish et al. 1999; Lam and Aman 2007),

a measure of repetitive behaviors that assesses five sub-

scales of repetitive behaviors, and by using the DCCS to

assess set shifting abilities independent of working memory

demands.

In summary, the purpose of the present study was to

evaluate set shifting abilities via the DCCS in a large

sample of children with ASD and to relate performance to

core autism symptoms. As outlined in Diamond and

Kirkham (2005), the primary metric of set shifting abilities

was RT differences in responses to single-task versus

mixed-task blocks. Based on conceptual and empirical

linkages between executive function and repetitive

behaviors, we hypothesized that both neurotypical and

ASD children would be characterized by increased reaction

times when switching from the first to the second sorting

rule and when performing the mixed-task blocks, relative

to the single-task blocks, due to the unpredictability of the

mixed-task block. We predicted that these increases would

be more pronounced in the ASD group due to the greater

set shifting impairments. Additionally, if such group dif-

ferences were evident, we further hypothesized that

increased reaction time on mixed- relative to single-task

DCCS blocks in the ASD group would be associated with

higher levels of symptoms of restricted repetitive behav-

iors, and in particular ‘‘higher-order’’ repetitive behaviors

(e.g., compulsions, rituals/insistence on sameness, and

circumscribed interests) rather than ‘‘lower-order’’ repeti-

tive behaviors (e.g., motor stereotypies and self-injurious

behaviors).

Methods

Participants

In an effort to form a sample of ASD cases who demon-

strated a range of symptom severities, participants were not

recruited based on the presence of specific symptoms (e.g.

repetitive behaviors). Children with ASD were recruited

through the University of North Carolina (UNC) Autism

Research Registry in conjunction with regional TEACCH

(Treatment and Education of Autistic and related Com-

munication-handicapped CHildren) clinics. They were

diagnosed according to DSM-IV criteria for autism

(American Psychiatric Association 1994), met lifetime

criteria for autism or ASD on the Autism Diagnostic

Interview-Revised (ADI-R, Lord et al. 1994), and met

current criteria for ASD on the Social Responsiveness

Scale (SRS, Constantino et al. 2003).

Typically developing children were recruited via mass

emails sent to UNC faculty and staff, verified during a

phone screen that they did not have a history of any psy-

chiatric or developmental disorders, were not taking psy-

chotropic medications, did not have an immediate family

member with an ASD diagnosis, and did not score above

the ASD cutoff on the SRS. Inclusion criteria for both

diagnostic groups included: (a) 6–17 years of age; (b)

intelligence scores [ 70 on the Leiter International Per-

formance Scale-Revised (Leiter et al. 2002); and (c) the

absence of seizure disorders, acute medical conditions,

genetic conditions, or uncorrectable visual impairments.

A total of 65 children with ASD and 43 children who

were typically developing were recruited, of whom 50

children with ASD and 42 typically developing children

met inclusion criteria. Participants were drawn from a larger

study and DCCS data were available from 32 children with

ASD (1 female; 27 Caucasian) and 34 typically developing

children (1 female; 26 Caucasian). All participants and their

guardians supplied written informed consent, and the pro-

tocol was approved by the UNC-Chapel Hill School of

Medicine Biomedical Institutional Review Board.

Measures

Dimensional Change Card Sort Task (DCCS; Zelazo et al.

1996)

Administration and scoring procedures of the computerized

DCCS are described in Diamond and Kirkham (2005).

Participants were told that they would be playing a sorting

game and would have to sort by either shape or color. They

were instructed to use their dominant hand and to keep

going even if they made an incorrect response. Participants

first completed 15 practice trials presented with perfor-

mance feedback (i.e., ‘‘correct’’ or ‘‘incorrect’’) prior to the

test blocks.

During the seven blocks of test trials, participants did

not receive feedback. Each block used one of two sorting

criteria, either color or shape. Blocks 1, 3, and 6 were one

criteria, blocks 2, 5, and 7 were the other criteria (coun-

terbalanced across participants), and block 4 was a mixed

task (i.e., color and shape). The mixed task block contained

13 nonswitch trials and 7 switch trials presented in pseu-

dorandom order. Each block consisted of ten trials, except

the mixed run contained 20 trials. There were no breaks

between blocks or other indications to the participant that

there were blocks of trials.

Each trial consisted of first a cue indicating the sorting

rule, then a 500 ms delay followed by the test stimulus (see
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Fig. 1). The test stimulus was followed by an 800 ms

intertrial interval. Throughout the trial, the response icons

were presented on the bottom of the screen (i.e., a red truck

on the left and a blue star on the right). Additionally,

throughout a trial, the word ‘‘color’’ or ‘‘shape’’ was

presented centrally in black bold font between the response

icons, indicating the relevant sorting criterion for that trial.

The participant indicated, as quickly as possible via button

press, how to sort the centrally-presented stimulus. The

stimulus never matched the response icons on both color

and shape. Thus, the correct response when sorting by

color was always the wrong response for sorting by shape,

and visa-versa. Additionally, the sorting rule was presented

throughout the trial, so correct performance was not con-

tingent on recalling the correct sorting rule.

The task was administered using a laptop computer with

a 14’’ screen and responses were made on one of two 1.5’’

wooden squares with pictures of the response icons (i.e., a

red truck and blue star). Accuracy and response times were

recorded using E-Prime software v. 1.1 (Psychology Soft-

ware Tools Inc., Pittsburgh, PA). In accordance with Dia-

mond and Kirkham’s (2005) criteria, only correct

responses were included in RT analyses. Additionally,

trials where the RT was less than 200 ms or greater than

2.5 standard deviations above the mean were omitted. Two

sample trials from a single-task block are presented in

Fig. 1.

Cognitive Ability

Nonverbal intelligence was measured with the Leiter

International Performance Scale-Revised (Roid and Miller

1997). A Brief IQ score was obtained based on four sub-

tests of the Visualization and Reasoning Battery (i.e.,

Repeated Patterns, Sequential Order, Figure-Ground, and

Form Completion).

General Autism Symptom Severity

General autism symptom severity was assessed via the total

score of the 40-item Social Communication Questionnaire

(SCQ, Rutter et al. 2003), a parental report measure of

autism symptomatology. A higher score denotes greater

impairment (range 0–40).

Communication Impairments

Communication impairments were measured with the

Children’s Communication Checklist, 2nd edition (CCC;

Bishop 1998). This 70-item checklist assesses language

structure (e.g., speech, syntax, and semantics) and prag-

matic use of language (e.g., initiation, context, and non-

verbal communication). To obtain a measure of

communication impairment independent of both social

deficits and repetitive behaviors, a modified total was

obtained by subtracting the 15 items related to social def-

icits and repetitive behaviors, resulting in a potential range

from 0 to 165 (higher scores indicate greater impairment).

Repetitive Behaviors

Repetitive behaviors were assessed via the Repetitive

Behavior Scale-Revised (RBS-R, Bodfish et al. 1999). The

RBS-R is an informant-based questionnaire that assesses

Fig. 1 Schematic illustration of

two sample trials from a single-

task block of the Dimensional

Change Card Sort Task (Zelazo

et al. 1996)
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43 discrete types of repetitive behaviors. The total RBS-R

score was computed, as well as the ‘‘Ritualistic/Sameness

Behavior,’’ ‘‘Stereotypic Behavior,’’ ‘‘Self-injurious

Behavior,’’ ‘‘Compulsive Behavior,’’ and ‘‘Circumscribed

Interests’’ subscales, as described in Lam and Aman (2007)

(higher scores indicate more symptoms).

Results

Table 1 illustrates the demographic and clinical charac-

teristics of both diagnostic groups. There was a significant

difference between groups on nonverbal intelligence (see

Table 1). Consistent with the analysis strategy of Diamond

and Kirkham (2005), the DCCS reaction time (RT) cost

associated with switching from the first dimension (i.e., the

first single-task block) to the second dimension (i.e., the

next single-task block) was analyzed by examining the

change in RT between the last two trials of block 1 and the

first two trials in block 2 (see Fig. 2). A Group (Autism,

Control) x Trial Type (last 2 trials of block 1, first 2 trials in

block 2) rMANOVA indicated a main effect of Trial Type,

multivariate F(1,68) = 29.13, p \ .0001, reflecting that,

across both diagnostic groups, RTs were quicker at the end

of block 1 than at the beginning of block 2, but no main

effect or interaction with Group, p’s [ .40. An exploratory

examination of trends within each group revealed that, in

the control group, responses were quicker at the end of

block 1 [mean (SD) = 971 ms (328)] than at the beginning

of block 2, [mean (SD) = 1,386 ms (584)], t(32) = 3.92,

p \ .0005. The autism group revealed a highly similar

pattern: RTs were quicker at the end of block 1 [mean

(SD) = 1,105 ms (521)] than at the beginning of block 2,

[mean (SD) = 1,396 ms (423)], t(30) = 3.69, p \ .0008.

Figure 3 illustrates mean RTs for both groups for each

block. A Group (Autism, Control) x Block Type (mixed-

task, single-task) rMANOVA conducted on RTs indicated

a main effect of Block Type, multivariate F(1,64) = 6.52,

p \ .018 reflecting that RTs were slower across groups on

the mixed-task, relative to single-task, blocks, and a main

effect of Group, F(1,64) = 6.31, p \ .017, reflecting that

the autism group was slower overall, but, contrary to

predictions, no interaction of Group and Block Type,

multivariate F(1,64) = .26, p [ .60. An exploratory

examination of trends within each group revealed that, in

the control group, responses were slower during the

mixed-task block, [mean (SD) RT = 1,290 ms (475)],

Table 1 Mean (SD) demographic and clinical scores for the ASD and control groups

Autism (n = 32) Control (n = 34) t Value (64) p Value

Age (years) 9.99 (2.78) 10.50 (3.31) -0.70 0.49

Leiter-R 103.34 (18.69) 112.09 (14.33) -2.18 0.033

SCQaa 15.59 (4.34) 3.32 (2.16) 15.28 \.0001

CCC-2a 60.34 (21.37) 7.35 (8.42) 13.10 \.0001

RBS-R Totala 24.51 (15.85) 1.32 (2.59) 8.54 \.0001

RBS-R Stya 4.71 (4.36) 0.12 (0.41) 6.21 \.0001

RBS-R SIBa 2.40 (2.61) 0.09 (0.29) 5.20 \.0001

RBS-R COMPa 2.94 (3.43) 0.12 (0.41) 4.84 \.0001

RBS-R RITSAMa 7.86 (5.59) 0.50 (1.19) 7.61 \.0001

RBS-R CIa 3.40 (2.30) 0.26 (0.71) 7.69 \.0001

Significance values are two-tailed and not corrected for multiple comparisons

Note: Leiter-R: Leiter International Performance Scale-Revised (Leiter et al. 2002). SCQ: Social Communication Questionnaire (Rutter et al.

2003). CCC-2: Children’s Communication Checklist, 2nd edition (Bishop 1998), without the 15 items related to repetitive behaviors. RBS-R

Total: Total score of the Repetitive Behavior Scale-Revised (Bodfish et al. 1999; Lam and Aman 2007). RBS-R Sty: Stereotypic behavior RBS-R

factor. RBS-R Sib: Self-injurious behavior RBS-R factor. RBS-R Comp: Compulsive behavior RBS-R factor. RBS-R RitSam: Rituals/Sameness

RBS-R factor. RBS-R CI: Circumscribed Interests RBS-R factor
a Welch-Satterthwaite approximation reported due to heterogeneous group variances

Fig. 2 Group-average reaction time cost in switching from sorting by

one rule in Block 1 to the other rule in Block 2. Error bars represent

standard errors of the mean
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than on the single task blocks [mean (SD) RT =

1,179 ms (397)], t(32) = 3.25, p \ .003. This trend rep-

licates the pattern of responses reported for adults in

Diamond and Kirkham (2005). Within the autism group,

however, this pattern was not evident: reaction times on

the mixed-task blocks [mean (SD) RT = 1,526 ms (467)]

were not significantly different from those on single task

blocks [mean (SD) RT = 1,451 ms (453)], t (30) = 1.18,

p [ .24.

Figure 4 illustrates mean accuracy (i.e., percent correct)

for both groups for each block. A Group (Autism, Control)

x Block Type (mixed-task, single-task) rMANOVA con-

ducted on accuracy revealed a main effect of Block Type,

multivariate F(1,64) = 15.42, p \ .0018, reflecting that

accuracy was lower across groups on the mixed-task rela-

tive to single-task blocks, and a main effect of Group,

F(1,64) = 5.92, p \ .020, reflecting that the control group

was more accurate overall, but, contrary to predictions, no

interaction of Group and Block Type, multivariate

F(1,64) = .75, p [ .35. An exploratory examination of

trends within each group revealed that, in the control

group, responses were more accurate during the single-task

block [mean (SD) percent correct = 95.0 (5.3)], than on

mixed-task blocks [mean (SD) percent correct = 91.2

(8.3)], t(32) = 2.87, p \ .007. Within the autism group,

this pattern was evident as well: accuracy on the single-task

blocks [mean (SD) percent correct = 91.8 (8.2)] was sig-

nificantly higher than those on the mixed-task block [mean

(SD) percent correct = 84.9 (16.2)], t (30) = 2.88,

p \ .007.

To assess potential relations between DCCS scores and

autism symptoms, we conducted Pearson partial bivariate

correlations between DCCS and symptom scores within the

autism sample while controlling for variance due to intel-

ligence. As is evident from Table 2, DCCS scores did not

predict greater autism symptoms in any domain. The only

significant correlations observed were positive correlations

between accuracy on single-task blocks and RBS-R Ritu-

als/Sameness subscale scores, RBS-R total scores, and

SCQ total scores, as well as a positive correlation between

mixed-task block accuracy and RBS-R Circumscribed

Interests subscale scores. In other words, on two measures

of task accuracy, greater accuracy actually predicted worse

symptoms.

Fig. 3 Group-average reaction

times for each block of trials.

Incorrect trials were removed

prior to calculation of mean

reaction times. Error bars
represent standard errors of the

mean

Fig. 4 Group-average accuracy

(i.e., percent correct) for each

block of trials. Error bars
represent standard errors of the

mean
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Discussion

The purpose of the present study was to assess set shifting

abilities as measured by the Dimensional Change Card Sort

Task (DCCS; Zelazo et al. 1996) in a sample of children

with ASDs and to relate these abilities to core autism

symptoms, particularly symptoms of ‘‘higher-order’’

repetitive behaviors. Although the ASD group was gener-

ally slower and less accurate overall, both groups demon-

strated a comparable reaction time cost associated with

switching from the first to the second block. Furthermore,

both groups demonstrated less accuracy and slower

responding on the mixed-task block relative to the single-

task blocks. These results are not consistent with numerous

reports of set shifting deficits in autism (e.g., Pennington

and Ozonoff 1996; see Hill 2004 for a review; but see

Geurts et al. 2009 for inconsistencies in this literature).

One potential explanation for these nonsignificant group

differences in response cost due to mixed- versus single-

task blocks is that the DCCS task minimizes working

memory demands. This interpretation suggests that the

presence of working memory demands on other common

set shifting tasks (e.g., the WCST) may exacerbate per-

severative tendencies in ASD. Although tasks in everyday

life that require cognitive flexibility typically have working

memory demands, the purpose of the present study was to

assess basic cognitive abilities that may affect the expres-

sion of ASD symptomatology (Geurts et al. 2009). Future

studies may further evaluate the effects of working mem-

ory on set shifting abilities in ASD by incorporating a

systematic, graded manipulation of working memory

demands to evaluate the influence of this factor on per-

formance of individuals with ASD on tests of set shifting.

Additionally, the DCCS is computer-administered, thereby

minimizing social cognitive demands of the set shifting

task (Ozonoff 1995).

Although the ASD group showed comparable accuracy

and reaction time costs associated with a rule shift, relative

to the neurotypical comparison group, their performance

was slower and less accurate overall than the control group,

even in the presence of explicit rules. A global attentional

inertia description of the attentional style of individuals

with ASDs describes the data in the present study (i.e.,

overall slower and less accurate responding, rather than a

differential deficit on runs requiring set shifting) and is

consistent with multiple studies documenting difficulties

with sustained attention in ASD (Rumsey and Hamburger

1988; Bogte et al. 2009). The attentional inertia demon-

strated by individuals with ASDs may be, in fact, broad and

general, rather than constrained to situations requiring set

shifting. An interpretation of global attentional inertia is

consistent with evidence of ‘‘sticky’’ attention on tasks

requiring disengaging attentional focus in a variety of

contexts (Sasson et al. 2008; Landry and Bryson 2004; van

der Geest et al. 2001; O’Riordan and Plaisted 2001;

O’Riordan et al. 2001). Alternatively, group differences in

overall RT may be due to non-specific reaction time delays

in a variety of contexts (South et al. 2008).

We note that although both groups had nonverbal

intelligence scores in the average range, the ASD group

Table 2 Pearson bivariate partial correlations (p-values in parentheses) between DCCS variables and measures of autism symptoms among the

32 participants with autism spectrum disorders

SCQ CCC-2 RBS-R

Total

RBS-R

Sty

RBS-R

Sib

RBS-R

Comp

RBS-R

RitSam

RBS-R

CI

Accuracy

Single- task

blocks

0.42 (0.018) 0.059 (0.75) 0.36 (0.049) 0.30 (0.10) 0.054 (0.77) 0.20 (0.28) 0.39 (0.030) 0.27 (0.14)

Mixed-task

blocks

0.12 (0.52) 0.21(0.26) 0.25 (0.17) 0.18 (0.34) 0.17 (0.36) 0.081 (0.66) 0.26 (0.15) 0.41 (0.020)

Reaction time

Single- task

blocks

-0.12 (0.50) 0.059 (0.75) 0.0098 (0.96) 0.014 (0.94) -0.0046 (0.98) 0.021 (0.91) 0.0245 (0.90) 0.18 (0.33)

Mixed- task

blocks

-0.0084 (0.96) -0.13 (0.50) 0.030 (0.87) 0.092 (0.62) -0.097 (0.60) 0.035 (0.85) -0.016 (0.93) 0.16 (0.40)

Trial switch D
RT

0.17 (0.36) -0.049 (0.79) 0.030 (0.87) 0.033 (0.86) 0.12 (0.51) -0.091 (0.63) 0.017 (0.93) 0.29 (0.12)

Significance values are two-tailed and not corrected for multiple comparisons

Note: Trial Switch D RT, Last two trials of block 1 minus the first two trials in block 2; SCQ, Social Communication Questionnaire (Rutter et al.

2003); CCC-2, Children’s Communication Checklist, 2nd edition (Bishop 1998), without the 15 items related to repetitive behaviors; RBS-R

Total, Total score of the Repetitive Behavior Scale-Revised (Bodfish et al. 1999; Lam and Aman 2007); RBS-R Sty, Stereotypic behavior RBS-R

factor; RBS-R Sib, Self-injurious behavior RBS-R factor; RBS-R Comp, Compulsive behavior RBS-R factor; RBS-R RitSam, Rituals/Sameness

RBS-R factor; RBS-R CI, Circumscribed Interests RBS-R factor
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had significantly lower nonverbal intelligence scores,

which may have affected their DCCS performance. Addi-

tionally, DCCS performance may be verbally mediated

(i.e., participants may mentally rehearse the rules as they

complete the task), and future studies should evaluate

whether task performance is mediated by verbal intelli-

gence, which was not assessed in the present study. We

also note that the DCCS was developed to assess set

shifting in young children (typically-developing children as

young as five demonstrate adult-like DCCS accuracy;

Zelazo et al. 1996). The non-significant group differences

in the present study may have been due to the use of older

samples of children, thereby effectively allowing the ASD

sample to ‘‘catch up’’ to performance levels of typically-

developing group. Subsequent research should use the

DCCS to assess the development of set shifting strategies

in younger children with ASD.

Previous studies have reported an association between

repetitive behaviors and executive function abilities

(Turner 1997), including perseverative responding (South

et al. 2007) cognitive flexibility, working memory, and

response inhibition (Lopez et al. 2005). In the present

investigation, set shifting deficits were not found to be

associated with increased frequency or severity of ‘‘lower-

order’’ or ‘‘higher-order’’ repetitive behaviors. The only

significant associations between DCCS metrics and sever-

ity of autism symptoms were contrary to predictions,

findings that warrant replication but that may be due to the

relatively moderate phenotypic expression of repetitive

behaviors in this high functioning sample. Furthermore,

future studies with lower functioning individuals may

reveal larger group differences on DCCS performance.
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