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Abstract
Objective—Restricted and repetitive behaviors, and a pronounced preference for behavioral and
environmental consistency, are distinctive characteristics of autism spectrum disorders (ASD).
Whether these clinical features of ASD are related to fundamental neuropsychological
impairments in behavioral flexibility remains to be clarified.

Method—Forty-one individuals with ASD and 37 matched controls performed a probabilistic
reversal learning task to assess behavioral flexibility. Participants learned to choose the correct
stimulus location from a pair of locations to win points (acquisition). After making the correct
choice over multiple trials, the rewarded stimulus location changed without warning (reversal).
Feedback was provided on an 80:20 probabilistic schedule, with 80% of correct choices and 20%
of incorrect choices randomly reinforced.

Results—ASD and control participants performed comparably during acquisition. At reversal,
ASD participants initially chose the new correct location as quickly as controls, but then more
frequently reverted back to the previously preferred response. The ASD group also more
frequently shifted back to the previous response choice immediately following intermittent non-
reinforcement of the new correct response. The number of regressive errors was positively
correlated with independently ascertained clinical ratings of restricted and repetitive behaviors, but
not other core features of ASD.

Conclusions—Restricted and repetitive behaviors in ASD are associated with neurocognitive
deficits in flexible choice behavior. Preclinical research has established that frontostriatal circuitry
supports flexibility on reversal learning tasks. Thus, alterations in this circuitry may contribute to
behavioral rigidity in ASD and represent a target for therapeutic intervention.
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Reduced Behavioral Flexibility in Autism Spectrum Disorders Autism spectrum disorders
(ASD) are characterized by pervasive disturbances in social interactions and
communication, and by circumscribed interests and restricted and repetitive behaviors
(Diagnostic and Statistical Manual of Mental Disorders; 4th ed., text rev; DSM-IV-TR;
American Psychiatric Association, 2000). Understanding of the latter symptom domain
remains limited, despite it contributing significantly to clinical distress and behavioral
problems (Bishop, Richler, Cain, & Lord, 2007; South, Ozonoff, & McMahon, 2005).
Clarifying the cognitive bases of behavioral rigidity in ASD has the potential to provide
clues as to its pathophysiology, improve its clinical assessment, and guide development of
new treatments that can alleviate this core feature of ASD.

One possibility is that a specific impairment in the ability to transition away from preferred
behaviors to new, more adaptive ones contributes to the occurrence of restrictive and
repetitive behaviors. Some prior studies suggest that these behaviors are related to broad
deficits in executive function and cognitive control in ASD (Lopez, Lincoln, Ozonoff, &
Lai, 2005; Mosconi et al., 2009). However, results are inconsistent, and the specific
cognitive impairments that may contribute to clinical manifestations of rigid behavior
remain to be clarified. Studies have documented deficits in cognitive flexibility in ASD
using the Wisconsin Card Sort Test and the CANTAB ID/ED set shifting task, showing that
individuals with autism are impaired when learning to shift set to a new perceptual sorting
category (Corbett, Constantine, Hendren, Rocke, & Ozonoff, 2009; Goldstein, Johnson, &
Minshew, 2001; Hughes, Russell, & Robbins, 1994). It is of note that these tests place
demands not only on behavioral flexibility but also on multiple higher-order cognitive
processes that are known to be impaired in ASD, such as perceptual reasoning skills. Thus,
it remains uncertain as to what degree previous findings reflect deficits in flexible behavioral
control versus impaired cognition in other domains. Further, prior studies have not parsed
apart different aspects of behavioral flexibility that are known to be supported by different
cognitive and brain systems. For example, a behavioral flexibility deficit could result from
the inability to initially inhibit a previously preferred choice pattern, or a deficit in
maintaining a new choice pattern over time, which would point to impairments in frontal
cortical and striatal functioning respectively (Dias, Robbins, & Roberts, 1996; Ragozzino,
2007; Robbins, 2007).

Reversal learning tasks provide a direct approach to examining flexible choice behavior.
This methodology is widely used across species, and thus is useful for testing mechanistic
biological models, and for translational studies that can facilitate drug development (Brown,
Amodeo, Sweeney, & Ragozzino, 2012; Ghahremani, Monterosso, Jentsch, Bilder, &
Poldrack, 2010; Glascher, Hampton, & O’Doherty, 2009; Ragozzino, Mohler, Prior,
Palencia, & Rozman, 2009). In contrast to extradimensional shifting which is more
dependent on prefrontal cortical functions, reversal learning is primarily dependent upon
striatal circuitry (Robbins, 2007). Reversal learning tasks assess simple intradimensional
shifts in behavior, e.g. shifting from choosing one spatial location to another, rather than
shifting across dimensions, such as from the color to the shape of stimuli. This is
accomplished by requiring subjects to acquire a behavioral response strategy using
performance feedback, and then to reverse that response to an alternative option when the
previously correct choice is no longer reinforced. Importantly, reversal learning tasks are
designed to distinguish between deficits in disengaging from preferred behaviors versus
maintaining new choice patterns.
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Few studies have examined reversal learning in ASD. Most have used small samples of
young children who showed alterations in the ability to learn an initial response pattern in
addition to reversal deficits (Coldren & Halloran, 2003; Lionello-Denolf, McIlvane,
Canovas, de Souza, & Barros, 2008). If initial acquisition of a response is impaired, that can
confound the interpretation of problems in switching to a new response, because this could
result from a generalized learning deficit rather than a specific impairment in response
shifting. Reports from larger and primarily adolescent samples using intradimensional
subtests of the CANTAB ID/ED task do not show deficits in reversal learning in ASD
(Edgin & Pennington, 2005; Goldberg et al., 2005; Ozonoff et al., 2004; Ozonoff, South, &
Miller, 2000). However, a number of important issues remain to be resolved. First, reversal
learning studies to date have not clarified whether there are deficits in the specific processes
of selecting or maintaining new responses; whether one or the other is selectively affected
could indicate alterations in distinct cognitive and brain systems. Second, studies have not
systematically examined whether reversal learning performance is related to clinical
manifestations of behavioral rigidity. Third, because delayed maturation of behavioral
flexibility in ASD may result in deficits that are more pronounced at younger ages, studies
with older adolescents and young adults may have missed deficits evident in younger
individuals.

Finally, critical to a comprehensive understanding of behavioral flexibility in ASD is an
understanding of how dynamically changing consequences for choice behaviors support or
disturb flexible behavioral control. Probabilistic reversal learning paradigms, in which
accurate feedback or reinforcement for response choices is provided on only a proportion of
trials, allow for an examination of the effect of inconsistent reinforcement on behavioral
flexibility. The intermittent non-reinforcement used in probabilistic tasks increases the
difficulty associated with establishing, maintaining, and reversing a behavioral set. For this
reason, such tasks may be more sensitive to behavioral flexibility deficits, as misleading
feedback might slow learning of new responses after reversal, or increase the likelihood of
reverting back to a previously reinforced and preferred response choice. A psychometric
advantage is that probabilistic paradigms may be less susceptible to ceiling effects in test
performance that could contribute to the failure to identify deficits in prior studies in ASD,
in which all correct responses were accurately reinforced. The unpredictable and
inconsistent nature of reinforcement for choice behaviors used in probabilistic tasks also
corresponds more closely to the behavioral flexibility demands of typical day-to-day life.

In the present study, individuals with ASD and matched controls performed a probabilistic
reversal learning task. Performance at acquisition and at reversal was examined. The
primary measures of interest were the number of trials required to learn a behavioral
response and to shift to a new response when reinforcement contingencies changed, the
number of errors made after reversal when sustaining a new response over a previously
preferred choice, and the number of errors made following intermittent non-reinforcement.
We evaluated test performance in relation to independently ascertained clinical measures of
restricted and repetitive behaviors, and other clinical features of ASD. Given reports of
altered cognitive development across the lifespan in ASD (Luna, Doll, Hegedus, Minshew,
& Sweeney, 2007; Solomon, Ozonoff, Cummings, & Carter, 2008), in secondary analyses
we examined performance across a broad age range to identify preliminary indications of an
altered trajectory in the development of behavioral flexibility.

Method
Forty-one individuals with an ASD (34 males) and 37 typically developing controls (30
males) participated in the study (Table 1). Eleven additional individuals were excluded who
did not meet performance criteria during the training tasks described below. Individuals with
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an ASD were recruited from outpatient clinics at the University of Illinois Medical Center
and via flyers posted in the community. Participants in the ASD group met cut-off points for
an ASD on the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000). Thirty
seven of 41 individuals meeting this criterion that had a parent available to provide historical
information also met cut-off points for an ASD on the Autism Diagnostic Interview-Revised
(ADI-R; Lord, Rutter, & Le Couteur, 1994). In addition, all participants in the ASD group
received a consensus clinical diagnosis of DSM-IV-TR Autistic Disorder (n=22), Pervasive
Developmental Disorder-Not Otherwise Specified (PDD-NOS; n=12), or Asperger’s
Disorder (n=7). There were no performance differences amongst the three diagnostic groups,
and thus ASD participants were pooled for statistical analyses as planned. Control
participants were recruited from the community and were required to have a Social
Communication Questionnaire score of eight or lower (SCQ; Berument, Rutter, Lord,
Pickles, & Bailey, 1999), no personal history of psychiatric or neurologic disorders, and no
first- or second-degree relative with a suspected ASD or other familial neuropsychiatric
illness. The ASD and control groups were matched on age, sex and IQ.

No participants were receiving medications known to affect cognitive abilities, including
antipsychotics, psychostimulants, antidepressants, and anticonvulsants. All participants were
either medication naïve, or had been free from medications for 5.5 half-lives of the drug they
had been taking prior to testing. Participants were at least eight years of age (up to 44 years
of age), and had Full-Scale, Verbal and Performance IQs ≥ 70. For individuals with an ASD
diagnosis, a family member completed the Repetitive Behavior Scales-Revised (RBS-R;
Bodfish, Symons, Parker, & Lewis, 2000), a questionnaire used to assess repetitive,
ritualistic, and obsessive-compulsive behaviors in ASD. All participants completed informed
consent or assent, and study procedures were approved by the Institutional Review Board at
the University of Illinois at Chicago.

Probabilistic Reversal Learning Task
Participants were presented with two identical stimuli (animal pictures) and were required to
select the picture that was in the correct location in order to win points (Figure 1). Prior to
starting the task, participants were given the following instructions; “Choose the animal that
is usually in the correct location. After a while the correct location may change”.
Participants made their stimulus choice on a touchscreen monitor using their dominant hand
(Hewlett Packard TouchSmart 600). During the acquisition phase of the task, the criterion
for demonstrating that the response had been learned was a correct response on eight out of
ten consecutive trials. Participants were presented with up to 50 trials to achieve this
criterion. Participants who did not achieve this criterion were not included in the analyses
(one ASD and one control participant). This was followed immediately, and without
warning to the participant, by the reversal phase of the task, in which the correct stimulus
was changed to the picture in the other location. Again, participants received up to 50 trials
to achieve the criterion of eight out of ten consecutive correct responses.

On all trials, immediate feedback was provided after participants made their response
choice. Responses were reinforced accurately on 80% of trials. On such trials, after correct
choices, a coin appeared and then moved into a money bag on the lower right corner of the
screen; the message “+10” was presented, and the participant’s total winnings for the game
increased by 10 points. On trials when the incorrect choice was made, a large red “X”
appeared in the center of the screen. On 20% of randomly determined trials, participants
received inaccurate feedback, i.e. choice of the correct location was not reinforced and
instead choice of the incorrect location yielded a coin win. If participants did not respond
after four seconds, the word “CHOOSE” was presented in the center of the screen. Studies
of probabilistic learning, without subsequent reversals to assess behavioral flexibility, have
reported that individuals with ASD can acquire response preferences as quickly as healthy
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individuals when 80% of correct responses are reinforced (Solomon, Smith, Frank, Ly, &
Carter, 2011), which was the reinforcement probability used for correct responses in the
present study.

Prior to performing this reversal learning task, participants completed two training tasks. In
the first task, they learned to select the correct animal picture from one of two locations on
nine out of ten consecutive trials, and then to reverse that response to choose the other
location, whilst receiving 100% accurate feedback throughout. This was done to ensure that
participants understood task directions, and to familiarize them with basic task demands. In
the second training task, participants learned to select the correct location on ten consecutive
trials, but received probabilistic feedback on an 80:20 schedule, as in the task itself. This
allowed participants to experience a task condition in which they needed to keep choosing a
stimulus location that was correct most, but not all of the time. There was no reversal after
this second training condition. Animal pictures during each training task, and their locations
on-screen, were different from those used in the task itself. Participants were presented with
a maximum of 50 trials in each training task to meet performance criteria. Individuals who
did not reach learning criteria for both training conditions did not proceed with further
testing and are not included in the analyses reported here (seven ASD participants, and two
control participants). Excluding these individuals permitted testing of reversal learning in
ASD and healthy control groups with an established ability to both switch behavioral set and
to acquire an initial response preference that was probabilistically reinforced. The task was
administered by research assistants who were unaware of participants’ clinical ratings.

Data Analyses
In both the acquisition and reversal phases of the task, the number of incorrect trials and the
total number of trials to successfully reach the learning criterion were recorded for each
participant. Following classification of errors on reversal learning tasks used in rodent
studies, errors in the reversal phase were considered as either perseverative or regressive
(Ragozzino, Jih, & Tzavos, 2002). Perseverative errors occurred when participants chose the
previously reinforced response before choosing the new correct response. Regressive errors
occurred when participants chose the previously reinforced response after having already
selected the new correct choice at least once. Thus, this distinction allowed the number of
perseverative errors to provide an index of how quickly a participant shifted their response
after reversal, whilst the number of regressive errors provided a measure of how well the
new correct choice pattern was maintained.

A particular advantage of probabilistic reversal learning paradigms is the ability to examine
individuals’ behavior following unexpected non-reinforcement of their response choices.
When a preferred response is not reinforced, individuals may incorrectly shift back to a
previous response choice because of a difficulty maintaining behavioral set or a heightened
response to non-reinforcement. These shifts are referred to as lose:shift errors, and were
calculated for both the acquisition and reversal phases of the task. All tests for group
differences used analysis of covariance (ANCOVA) with age as a covariate.

For participants in the ASD group, the relationship of reversal learning performance to
clinical manifestations of behavioral rigidity was examined using ratings of repetitive and
stereotyped behaviors from the RBS-R (total score) and the ADI-R (using the restricted-
repetitive behavior algorithm). To determine the specificity of any association between
behavioral flexibility impairments and restrictive and repetitive behaviors, correlational
analyses also were conducted to assess the relationship of reversal learning task performance
with social and communication deficits using the respective ADI-R algorithms. All ADI-R
algorithm scores were from the “4–5 years/ever” age items. RBS-R items are endorsed
based on behaviors observed within the last month.
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Results
Probabilistic Reversal Learning Task Performance

During the acquisition phase, there was no difference between the control and ASD groups
in the number of incorrect responses (MCON=3.01, SDCON=2.96; MASD=3.71, SDASD=4.93;
F(1, 76)=0.21, p=.65, η2=.003), nor in the number of trials required to reach the learning
criterion of eight out of ten consecutive correct responses (MCON=10.68, SDCON=3.82;
MASD=10.56, SDASD=4.60; F(1, 76)=.11, p=.74, η2=.001). During acquisition, there was
also no difference between groups in the number of lose: shift errors (MCON=3.00,
SDCON=1.78; MASD=2.93, SDASD=1.82; F(1, 76)=0.79, p=.07, η2=.001).

After reversal, individuals in the ASD group required more trials to achieve the criterion for
learning the new response choice than did controls (MCON=15.97, SDCON=8.44;
MASD=22.76, SDASD=13.67; F(1, 76)=4.45, p=.04, η2=.056; Figure 2). The number of
perseverative errors did not differ between the ASD and control groups (MCON=1.81,
SDCON=3.49; MASD=0.95, SDASD=1.00; F(1, 76)=3.18, p=.08, η2=.041; Figure 3).
However, the ASD group made significantly more regressive errors (MCON=3.35,
SDCON=3.91; MASD=7.32, SDASD=7.81; F(1, 76)=5.37, p=.02, η2=.067; Figure 3) such that
after initially choosing the new correct response, they regressed back to choosing the
previously rewarded response more often than did controls. This was due, in part, to their
greater number of lose:shift errors at reversal, when they incorrectly shifted their choice
back to the previously preferred response after intermittent non-reinforcement (MCON=2.78,
SDCON=1.34; MASD=3.78, SDASD=1.56; F(1, 76)=6.94, p=.01, η2=.085; Figure 3). In
control and ASD participants, lose:shift errors accounted for 90% and 40% of regressive
errors respectively.

Age-Related Changes in Reversal Learning Performance
Visual inspection revealed a non-linear relationship of age and reversal learning
performance, consistent with many studies showing slower rates of cognitive development
through late childhood and adolescence (Luna, Garver, Urban, Lazar, & Sweeney, 2004).
Consequently, the log natural transform (ln) of each participant’s age was computed, and
then related to their performance. Multiple regression analysis revealed a significant
interaction of ln(age) with group for regressive errors, indicating slower age-related
improvement in task performance in the ASD group (βgroup*ln(age)=−.49, p=.03).
Performance deficits in the ASD group were most pronounced at younger ages, with
sequential testing of group differences over increasing age showing that group differences
evident at younger ages were no longer significant beyond 14 years of age (β=3.91, p<.01).
There was no significant interaction of age and group with either the number of trials to
learn the new response choice after reversal, or with lose:shift errors. Exploratory regression
analyses did not indicate a significant influence of IQ on group differences in performance.

Relationship of Reversal Learning Performance to Restricted and Repetitive Behaviors
For ASD participants, there was a positive correlation between the number of regressive
errors and total score on the RBS-R (r=.34, p=.02; Table 2). The number of regressive errors
was also positively correlated with ADI-R ratings of stereotyped and restricted behaviors,
need for routine, and difficulty with behavioral transitions (ADI-R C-subscale; r=.37, p=.
04). In addition, there was also a significant correlation between regressive errors and
stereotyped, repetitive, or idiosyncratic speech (ADI-R B3-subscale; r=.38, p=.02).
Correlations of reversal learning errors with ADI-R subscales that assess communication
and social skill impairments were not significant.
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Discussion
The present study used a probabilistic reversal learning task to demonstrate behavioral
flexibility deficits in ASD. The impairment in reversal learning test performance was related
significantly and specifically to clinical ratings of restricted interests, repetitive and
stereotyped behavior and speech, and ritualistic behavior in ASD; associations with
communication and social deficits in ASD were not significant. These findings indicate that
a neuropsychological impairment in establishing new behavioral routines over previously
preferred alternatives is related to clinical manifestations of behavioral rigidity in ASD.
Further, although the study design was cross-sectional, the observation that deficits were
particularly pronounced in younger individuals suggests a delayed maturation of flexible
behavioral control in ASD. By clarifying the nature of behavioral flexibility deficits present
in ASD and their relationship to clinical manifestations of the disorder, the present findings
advance understanding of the neurocognitive underpinnings of an important and
understudied clinical characteristic of ASD.

At the start of the reversal phase of our task, individuals with an ASD selected the new
correct response as quickly as did controls. Thus, impaired reversal learning was not due to
perseveration on the previously reinforced response immediately after reversal. Rather, the
ASD group demonstrated a persistent preference for the previously learned response over
the new correct choice, reflected in their significantly higher rate of regressive errors after
reversal. Notably, this difficulty in changing response preference was observed in
individuals who were unimpaired during the initial acquisition phase of the reversal learning
test, when they were able to learn a response preference even when only 80% of correct
choices were reinforced. It is possible that both groups performed sufficiently close to
ceiling during the acquisition phase of the task such that some level of learning deficit might
not have been detected. However in our reversal condition, the higher rate of regressive
errors suggest a specific deficit in switching response preferences that is not likely the result
of a generalized deficit in learning new choice behaviors.

In the present study, the reversal learning paradigm was only administered to individuals
whom training tasks established were able to learn a response set under probabilistic
reinforcement conditions. Training also established that all individuals were able to reverse
behavioral choices when given 100% reinforcement for correct choices. The ability of
participants to achieve this latter criterion is consistent with findings from prior reversal
learning studies in ASD using the CANTAB’s intradimensional reversal subtest (Corbett et
al., 2009; Goldstein et al., 2001; Hughes et al., 1994). Thus, the reversal deficit we observed
in ASD was specific to conditions in which reinforcement was probabilistic, suggesting that
new behavioral preferences are unstable relative to previously learned choices, and have an
increased susceptibility to interference from occasional non-reinforcement.

The ability to shift behavioral preference in reversal learning requires a number of
interacting cognitive processes. First, the ability to inhibit a previously learned choice
pattern is important so that new choice behaviors can be implemented. Past studies have
demonstrated deficits in behavioral inhibition and withholding of prepotent response
tendencies in ASD, which in turn have been linked to clinical measures of restricted and
repetitive behaviors (Agam, Joseph, Barton, & Manoach, 2010; Mosconi et al., 2009).
Second, individuals must learn and consistently implement a new choice pattern. A third
relevant cognitive process is reinforcement learning, as individuals must learn whether to
maintain or change choice patterns based on performance feedback cues. Determining the
relative importance of alterations in these three different cognitive processes to behavioral
inflexibility in ASD remains a target for future research.
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Rodent and human neuroimaging studies have made significant progress in defining the
functional neuroanatomy of behavioral flexibility. In particular, frontostriatal pathways
including dorsal and ventral striatum, anterior cingulate cortex, and dorsolateral and orbital
prefrontal cortex are known to support reversal learning (Cools, Clark, Owen, & Robbins,
2002; D’Cruz, Ragozzino, Mosconi, Pavuluri, & Sweeney, 2011; Ghahremani et al., 2010;
O’Doherty, Critchley, Deichmann, & Dolan, 2003). In disorders with an overlapping
behavioral phenotype of rigid behavior and adherence to routine, such as obsessive-
compulsive disorder, frontostriatal dysfunction is believed to represent a substrate for
deficits in behavioral and cognitive flexibility (Britton et al., 2010; Jacob, Landeros-
Weisenberger, & Leckman, 2009). A similar relationship between the structural and
functional integrity of the striatum with restricted and repetitive behaviors has been
suggested in ASD (Hollander et al., 2005; Rojas et al., 2006).

The persistent bias towards previously preferred response tendencies (regressive errors) in
our intradimensional reversal learning paradigm in the absence of an increased rate of
perseverative errors suggests a prominent striatal contribution to reduced behavioral
flexibility in ASD. However, some previous data also implicates prefrontal systems. For
example, extradimensional shifting performance deficits have been demonstrated and
correlated with restricted and repetitive behaviors in ASD (Lopez et al., 2005; Yerys et al.,
2009). Shifts across perceptual dimensions, i.e. extradimensional shifts, require higher
cognitive processes that are more dependent on prefrontal cortical functions than striatal
circuitry (Robbins, 2007). Thus, whilst previous evidence implicates prefrontal system
dysfunction in rigid and restricted behaviors in ASD, the present findings suggest that
striatal impairments may also contribute to this clinical problem.

Distinct neural circuitry within the striatum has been associated with the ability to switch to
a new response versus the ability to later maintain the new response pattern (O’Doherty et
al., 2004; Ragozzino, 2007). This distinction is particularly relevant given the dissociation in
perseverative and regressive errors we observed. Inactivation of ventral striatum in rodents
results in increased perseverative responding, whereas inactivating dorsomedial striatum
selectively impairs reversal learning by causing an increase in regressive errors without
increasing perseveration (Ragozzino & Choi, 2004; Ragozzino et al., 2002), a pattern similar
to that observed in ASD participants in the present study.

While the observation of increased regressive but not perseverative errors suggests dorsal
striatal involvement, increased lose:shift errors also suggest a potential role for the ventral
striatum. The ventral striatum is important for reversal learning because of its role in
processing reinforcement cues about the consequences of shifting or maintaining a response
strategy (O’Doherty et al., 2004). Reduced responsivity of ventral striatum is believed to
increase perseverative errors because reinforcement cues fail to signal a need to change
future choice behaviors. Rather than a reduced response to non-reinforcement, the increase
of lose:shift errors at reversal in the ASD group suggests a heightened response to non-
reinforcement. Together, these observations suggest a specific reinforcement learning deficit
in ASD, in which heightened response to non-reinforcement impairs maintenance of stable
new behavior patterns and increases regression to previous response preferences. This is
interesting in light of recent functional neuroimaging studies showing an altered response to
reward in ventral striatum in ASD (Dichter, Richey, Rittenberg, Sabatino, & Bodfish, 2012;
Kohls et al., 2012; Scott-Van Zeeland, Dapretto, Ghahremani, Poldrack, & Bookheimer,
2010). Further research is needed to develop a broader understanding of what may be
multiple cognitive and affective processes contributing to behavioral inflexibility, and to
develop mechanistic cognitive and neurobiological models of how these alterations translate
to the clinical problem of rigid thinking and behavior in ASD (Geurts, Corbett, & Solomon,
2009).
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A secondary aim of the present study was to investigate the developmental trajectory of
reversal learning performance in ASD. The slower rate of improvement in task performance
with age in the ASD group relative to controls suggests that there could be a delayed
development of behavioral flexibility, and potentially also of the frontostriatal circuitry that
supports flexible behavioral transitions. Further work is needed to test this idea, as it is
possible that the psychometric characteristics of our task might make it more sensitive to
deficits early in development. Whilst ours is a cross-sectional study not designed to formally
test developmental models, these preliminary findings highlight the importance of
considering developmental trends in reversal learning ability and potentially the broader
neurocognitive profile of ASD. In light of prior studies that have reported delayed and
altered development of other cognitive functions in ASD (Luna et al., 2007; Ozonoff &
McEvoy, 1994), our pattern of age-related findings may explain why several prior studies of
behavioral flexibility using samples of older individuals with an ASD failed to detect
significant performance deficits. By studying behavioral flexibility over broad range of ages
and more heterogeneous samples, and with longitudinal follow-up studies, future work can
further address issues of developmental alteration and comorbid psychopathology in relation
to behavioral rigidity in ASD.

In conclusion, individuals with ASD demonstrated a deficit in behavioral flexibility, as
evidenced by a preference for a previously learned behavior on a probabilistic reversal
learning task. This deficit was related specifically to clinical manifestations of rigid and
repetitive behaviors, but not to social and communication deficits in ASD. Individuals with
ASD also made more frequent lose:shift errors, suggesting an increased sensitivity to non-
reinforcement that may have exacerbated their difficulty maintaining a new choice pattern.
Reversal learning impairments suggest that alterations in frontostriatal systems may
contribute to clinical features of rigid behavior and cognition in ASD, a hypothesis that can
be tested in future functional brain imaging studies. Studies of reversal learning can also be
readily conducted in rodent models, and thus represent a useful translational strategy for
testing mechanistic hypotheses about the neurobiology of behavioral rigidity and its
pharmacologic treatment. As such, our findings inform understanding into a clinical
dimension of ASD for which effective treatments are not yet available, and suggest
important new approaches and targets for clinical assessment and intervention.
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Figure 1.
Schematic of probabilistic reversal learning task. Participants were instructed to select the
correct stimulus location from a pair and won points for making the correct choice
(acquisition). After correct response choices, “+10” was displayed between the two stimuli,
and a coin appeared that moved into the bag displayed on the lower right of the screen. After
incorrect choices, a red “X” appeared in the center of the screen. Once participants had
achieved the performance criterion of eight out of ten consecutive correct choices, the
correct stimulus location was changed without warning (reversal). Reinforcement was
provided on an 80:20 probabilistic schedule during both acquisition and reversal, such that
inaccurate feedback was presented on 20% of randomly determined trials throughout the
task.
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Figure 2.
Trials to achieve criterion of 8 of 10 correct choices in the acquisition and reversal phases of
the probabilistic reversal learning task for individuals with an autism spectrum disorder
(ASD) and typically developing control participants (* significant at p<.05).
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Figure 3.
Types of errors made by typically developing controls and individuals with an autism
spectrum disorder (ASD) in the reversal phase of the probabilistic reversal learning task.
Perseverative errors occurred when participants chose the previously reinforced response
before choosing the new correct response. Regressive errors occurred when participants
chose the previously reinforced response after having already selected the new correct
choice at least once. Lose:shift errors occurred when participants incorrectly shifted away
from a correct response choice following inaccurate feedback that their choice was incorrect.
(* significant at p<.05).
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Table 1

Demographics and clinical characteristics of autism spectrum disorder (ASD) and typically developing control
participants.

Variable

ASD group (n=41, 8 females) Controls (n=37, 6 females) Statistical value

Mean ± SD Mean ± SD

Age (years) 15.34 ± 7.75 18.24 ± 8.12 .12

Full-scale IQ 103.90 ± 16.48 108.70 ± 11.97 .15

Verbal IQ 102.00 ± 18.70 109.00 ± 12.59 .06

Performance IQ 104.73 ±15.50 107.59 ± 12.55 .38

Repetitive behavior (ADI-R algorithm) 6.05 ± 2.46) -- --

RBS-R total score 35.85 ± 24.49 -- --

Note. ADI-R; Autism Diagnostic Interview – Revised (Lord, Rutter & LeCouter, 1994); RBS-R; Repetitive Behavior Scales – Revised (Bodfish,
Symons, Parker, & Lewis, 2000);

n.s., not significant (p>.05).
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Table 2

Correlational analyses of probabilistic reversal learning errors and clinical characteristics for autism spectrum
disorder participants

Clinical Scores Pearson’s r value

ADI-R Scores

 A: Reciprocal social interaction .28

 B: Communication .25

  B3: Stereotyped, repetitive, or idiosyncratic speech .38*

 C: Restricted, repetitive, and stereotyped patterns of behavior .37*

RBS-R total score .34*

Note. ADI-R; Autism Diagnostic Interview – Revised (Lord, Rutter & LeCouter, 1994); RBS-R; Repetitive Behavior Scales – Revised (Bodfish,
Symons, Parker, & Lewis, 2000);

*
signifies significant at p<.05.
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