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Abstract Although behavioural rigidity belongs to the
core symptoms of autism spectrum conditions, little is
known about its underlying cognitive mechanisms. The
current study investigated the role of intentional control
mechanisms in behavioural rigidity in autism. Autistic
individuals and their matched controls were instructed
to repeatedly choose between two simple cognitive tasks
and to respond accordingly to the subsequently presented
stimulus. Results showed that autistic participants chose to
repeat tasks more often than their controls and when choos-
ing to switch, they demonstrated larger performance costs.
These findings illustrate that when required to make their
own choices, autistic people demonstrate rigidity at differ-
ent performance levels, suggesting that intentional control
mechanisms might be important for a better understanding
of behavioural rigidity in autism.
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Introduction

People are often exposed to disruptions and unexpected
events throughout their day. When this happens, being
able to flexibly adapt to the changes introduced by these
events is a prerequisite for optimal everyday behaviour.
We then rely upon our cognitive control mechanisms, usu-
ally without being aware of their existence. These control
mechanisms are especially critical in situations requiring
optimisation of our goal-directed behaviour. Specifically,
cognitive control consists of neurocognitive mechanisms
that allow us to keep focus on the current task despite pos-
sible distractions in the environment, but it also allows us
to change focus if needed (e.g., Koechlin et al. 2003; Miller
and Cohen 2001). Various factors seem to influence how
well we can control our actions and whether we manage to
flexibly adapt to changes. For instance, when we feel tired
or ill, we are probably less cognitively flexible. Of course,
as with many abilities, people vary among each other in
how cognitively flexible they are. In fact, for some indi-
viduals adapting to changes in the environment might be
demanding to the extent that the way they (re)act in these
situations might be considered as a symptom of a condi-
tion. For instance, autistic people report to experience dis-
tress in situations that require sudden changes in planned
activities. When the experienced distress is high, it is often
expressed in behaviour as irritation, inability to think of
an alternative, but also as panic, outbursts, fear, or anger.
Whereas this challenge to behave optimally in changing sit-
uations is reported repeatedly in autistic people, the nature
of the underlying mechanisms remains unclear. In the cur-
rent study, we aim to identify the cognitive processes pos-
sibly contributing to the observed rigidity.

Autism is a pervasive neurodevelopmental condition
characterised by a spectrum of behavioural symptoms,
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reflected in difficulties with social interactions and commu-
nication as well as in restricted interests and preference for
sameness in behaviour (American Psychiatric Association
1994). Restricted interests and preference for sameness can
be seen as examples of behavioural rigidity, which is often
reported in autism. Behavioural rigidity can be defined as a
tendency to maintain ongoing behaviour in situations when
this behaviour is not appropriate anymore. Understanding
neurocognitive mechanisms behind behavioural rigidity in
autism has recently become a focus of research interest (cf.
Poljac and Bekkering 2012). It has, for instance, been sug-
gested that behavioural rigidity might originate from exec-
utive dysfunction in autistic people (Hill 2004a, b; Hughes
et al. 1994; Russell 1997). This suggestion was mainly
based upon reported differences in patterns of behaviour
when testing autistic people by means of complex neu-
ropsychological tests on various executive cognitive func-
tions, such as planning (e.g., Hughes 1996; Ozonoff and
Jensen 1999), mental flexibility (e.g., Liss et al. 2001; Ozo-
noff et al. 1994; Rumsey and Hamburger 1990), genera-
tivity (e.g., Boucher 1988; Craig and Baron-Cohen 1999;
Turner 1999), and inhibition (e.g., Biro and Russell 2001;
Ozonoff et al. 1994; Russell et al. 1991). These observa-
tions have been useful for broadening our understanding
of autism as a whole, by pushing further the research field,
which was until then predominantly focused on difficulties
in the social domain. The issue with this approach, how-
ever, arises when trying to specify the actual neurocogni-
tive mechanisms behind the observed differences in behav-
ioural patterns. First, executive functions cover a wide
range of important cognitive functions, such that finding
deviations in some of these functions in any clinical group
is highly possible. This strongly lowers its discriminant
validity, making it quite hard to assign executive dysfunc-
tion to any specific clinical group as a useful explanation
for their symptoms. Second, executive functions are usu-
ally investigated by means of complex neuropsychologi-
cal tests. While being very helpful for a quick screening of
someone’s cognitive capacities, these tests rarely allow for
any kind of specification of the underlying mechanisms that
might be generating the observed differences (cf. Burgess
et al. 2006; Manchester et al. 2004; Poljac et al. 2010).
Studies applying well-designed, experimentally con-
trolled investigations of behavioural rigidity in autism are
still quite rare (cf. Geurts et al. 2009; Poljac and Bekkering
2012). Interestingly, the few controlled studies that have
been conducted so far have demonstrated it to be challeng-
ing to find empirical evidence for difficulties with adaptive
behaviour and cognitive flexibility in autism (e.g., Poljac
et al. 2010; Schmitz et al. 2006; Shafritz et al. 2008; Stahl
and Pry 2002; Whitehouse et al. 2006). A typical paradigm
used within experimental psychology to test cognitive (in)
flexibility, is the so-called task switching paradigm. For

instance, Poljac et al. (2010) used geometric figures filled
with different colours and required their participants to
either attend to the shape or to the colour of the presented
figures. Explicit task cues were used to specify the cur-
rently relevant task. Importantly, the authors reported that
adolescents with autism switched between tasks in a similar
way as their typically developing controls and significantly
better than their clinical controls. They therefore concluded
that the ability to switch between tasks, which has often
been taken as an index of cognitive control (for review, see
Kiesel et al. 2010; Monsell 2003; Vandierendonck et al.
2010), is not impaired in autism as long as the identity
and timing of the required tasks are clearly defined. The
important remaining question is, however, how to explain
the cognitive mechanisms behind the clearly present need
for sameness in autistic individuals and their tendency to
perseverate, both observed in daily life behaviour as well
as in more complex neuropsychological tests but not in the
experimentally controlled settings.

A suggestion has recently been put forward that the chal-
lenge for autistic individuals might occur at the intentional
level rather than at the level of mere execution of specified
tasks, particularly in situations requiring adaptations such
is the case in task switching conditions (Poljac et al. 2012).
This idea was based on studies indicating difficulties at the
intentional level of information processing in autism. Here,
we define intentions as behavioural biases generated by
neural activation that pushes our cognitive system towards
a certain decision most often followed by its corresponding
action. The first observation in favour of this suggestion is
that autistic individuals often find it challenging to generate
novel ideas and behaviours spontaneously (e.g., Boucher
1988; Craig and Baron-Cohen 1999; Turner 1999). Along
the same lines, it has been shown that putting demands on
their intentional decision making in situations of undefined
tasks—which is often the case with the neuropsychological
tests used to assess executive functions, such as the Wis-
consin Card Sorting Test—generates behavioural patterns
in autistics that differ from those of their control peers. On
the other hand, reducing referential ambiguity in tasks (Pre-
issler and Carey 2005) and directing of intentions exter-
nally (Poljac et al. 2010) facilitates their task performance,
successfully eliminating behavioural differences. Alto-
gether, the above mentioned observations seem to be in line
with the suggestion that intentional control in autism might
be a sensible candidate for explaining behavioural rigidity
in autism.

Perhaps the most convincing evidence for the idea that
difficulties in the intentional component of behaviour
might be relevant for better understanding of behavioural
rigidity in autism, comes from the recent study by Poljac
et al. (2012), in which a voluntary task switching paradigm
(VTS) was used. Poljac and colleagues administered this
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paradigm in students with no clinical diagnoses but with
either high or low autistic traits as estimated by the often
used Autism Spectrum Quotient (AQ) Scale (e.g., Baron-
Cohen 2001; Hoekstra et al. 2008). Similar to the cued task
switching paradigm, in VTS paradigm, participants are
required to switch between two simple cognitive tasks, like
for instance between indicating the shape (Task 1) or the
location (Task 2) of a presented stimulus. The critical dif-
ference here is that in the voluntary procedure, participants
are free to choose which of the two tasks to perform in each
trial (Arrington and Logan 2004, 2005; Yeung 2010). In
this way, the VTS paradigm allows for disentangling the
intentional (task choice related) component from its imple-
mentation into the corresponding action (stimulus related)
component. Previous studies have shown that also in the
VTS, switch costs are observed in terms of slower and more
error prone responding to the stimulus in switch trials (e.g.,
Arrington and Logan 2004, 2005; Yeung 2010). These
performance costs are typically taken as an expression of
cognitive control, not necessarily including its voluntary,
decision making aspects. The most interesting observation
of the VTS studies, however, regards the intentional part:
Participants seem to have the tendency to repeat tasks more
often than to switch tasks, which is the so-called repetition
bias (Mayr and Bell 2006; Millington et al. 2013; Poljac
et al. 2012; Yeung 2010). This observation is reminiscent
of the observed tendency in autistic people to exhibit repet-
itive behaviours. Poljac et al. reported that while the rep-
etition bias was demonstrated by all of their participants,
this tendency to repeat tasks was significantly stronger in
participants with higher autistic traits. In particular, the rep-
etition bias seemed to be stronger in the harder task, sug-
gesting that the repetition bias was not a mere reflection of
the participants applying a strategy of least mental effort.
Interestingly, this repetition bias asymmetry was again
larger in participants with more autistic traits. The observed
differences in task-choice related repetition bias (asymme-
try) across the participants who differ in their amounts of
autistic traits suggest that behavioural rigidity in autism, as
expressed in terms of repetitive behaviours, might be gen-
erated by cognitive mechanisms involved in the formation
of general task intentions.

In the current study, we further tested this idea of inten-
tional control mechanisms being relevant to behavioural
rigidity in autism in an actual clinical population of indi-
viduals diagnosed with autism. To this end, we thoroughly
investigated task choice behaviour in autistic individuals
and their control peers using a similar version of the VTS
paradigm as applied by Poljac et al. (2012). Participants
were instructed to make a choice between a shape and a
location task in each trial and then press the space bar to
indicate that the choice has been made. They were required
to respond to the subsequently presented stimulus according
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to the task they have just chosen for that particular trial. In
this way, we were able to look at their intention formation
(task choice) separately from their actual responding to the
stimulus (task execution). For the intentional part, we inves-
tigated different patterns in task choices as well as the time
people took to make a task choice. If behavioural rigidity
in autism is related to the processes involved in intention
formation, then we expected to observe differences in task
choice behaviour between the two groups of participants.
Specifically, we expected to observe a relatively stronger
repetition bias (asymmetry) in autistic participants com-
pared to their control peers (cf. Poljac et al. 2012). Unlike
the intentional part, we expected no significant differences
between the two groups in the way intentions were trans-
lated into actual responding to the presented stimulus. Spe-
cifically, we expected no differences in task execution in
terms of reaction times and accuracy nor in terms of switch
costs between autistic and control participants (cf. Geurts
et al. 2009; Poljac et al. 2010).

Methods
Participants

Seventy-seven participants (31 female), ages 16-36 years,
took part in the study. One of the participants was excluded
from the data analyses, as the error rate was more than
three SD above the mean (i.e., more than 30% of trials).
The remaining participants consisted of one-half (n=38)
being diagnosed with autism spectrum conditions (ASC)
and the other half (n=38) being their neurotypical (NT)
control group. The two groups were matched on their age,
full scale intelligence (FSIQ), and gender (see Table 1 for
an overview of descriptive measures for the two groups).
The intelligence (IQ) was measured by the Dutch version
of the Wechsler Intelligence Scale for Children (WISC-III
NL; Kort 2005) or by the Dutch version of the Wechsler
Adult Intelligence Scale (WAIS- III NL; Uterwijk 2000)
for the participants who were 16 years and older. For five
of the ASC participants we used the IQ scores that were
already available as a part of the standard protocol when
entering a clinical institution. For other participants whose
1Q was unknown or estimated longer than 4 years ago, we
used a short version of the age-appropriate Wechsler Scale.
The short version consisted of the following four subtests:
Vocabulary and similarities for the verbal 1Q (VIQ), Pic-
ture completion and block design for the performance 1Q
(PIQ), based on which their FSIQ was estimated (for fur-
ther information on the used formulas, see Sattler 2001).
As Table 1 shows, the independent-samples #-tests con-
firmed that the matching was successful, as no signifi-
cant differences between the two groups were observed in
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Table 1 Demographic data of

.. Autistic (n=38)
the participants

Control (n=38)

Mean Range Mean Range 1(74) p values
Age 24.8 (0.8) 16.8-35.0 24.4(0.7) 16.3-34.6 0.36 0.72
VIQ 111 (1.5) 92-129 114 (1.5) 92-137 -1.25 0.21
PIQ 109 (1.9) 86-134 110 (2.1) 80-137 -0.36 0.72
FSIQ 109 (1.4) 97-131 112 (1.4) 85-131 —-0.90 0.37
AQ 28.7 (1.4) 943 14.1 (1.0) 3-31 8.68 <0.001
Handedness ~ 25.5 (1.4) 0-32 27.4(1.2) 2-32 1.09 0.28

score

VIQ verbal 1Q, PIQ performance 1Q, FSIQ full scale 1Q, AQ autism spectrum quotient, Standard errors

(SE) are given in the parentheses

either their age (#(74)=0.356, p=0.723) or in their FSIQ
(#(74)=0.356, p=0.723; 1(74) = —0.904, p=0.369). Also
the gender matching resulted in about equal groups, with
15 females in the autistic and 16 in the control group.

Participants in the ASC group were recruited through
mental health care clinics specialized in autism in the Neth-
erlands, as well as through online posts on the internet
pages of the main Dutch autism organisations, and by dis-
tributing flyers. All of the participants with ASC were diag-
nosed with autism (18 with Asperger syndrome, 12 with
pervasive developmental disorder-not otherwise specified
(PDD-NOS), and 8 with Autism) based upon the DSM-
IV criteria (American Psychiatric Association 1994). The
diagnosis was made by at least one psychiatrist or clinical
psychologist with expertise and considerable experience
in autism after extensive diagnostic evaluation including a
review of prior records (developmental history, psychiatric
and psychological observations and tests, and neurologi-
cal investigations), a parent interview for children, and a
psychiatric observation. Three of the ASC participants had
traits of attention deficit hyperactivity disorder (ADHD),
one of whom was officially diagnosed. Two additional ASC
participants had traits of dyslexia, with one being officially
diagnosed. Our NT participants were recruited through the
Research Participation System (SONA systems) and the
flyers distributed at public (high) schools. None of the con-
trols had any (history of) diagnosed disorders or obvious
developmental delay.

All participants completed the short version of Edin-
burgh Handedness Inventory (Oldfield 1971). In this
questionnaire, seven action statements are being judged
by the hand used for executing it on a five point Linkert
scale. The two groups did not overall differ in handedness
(#(74)=—-1.086, p=0.281), with all of the participants
being right handed except for the eight left handed (four
in each group) and two ambivalent in the autism group.
In addition, all participants completed the autism spec-
trum quotient questionnaire (AQ), consisting of 50 state-
ments about themselves (Baron-Cohen 2001; Hoekstra

et al. 2008). The AQ has a total score that ranges between
0 and 50, with the increase in scores corresponding with an
increase in autistic traits. It is a validated measure of autism
spectrum characteristics found within individuals with
an ASC diagnosis (e.g., Berthoz et al. 2013; Pisula et al.
2013), their relatives (e.g., Kose et al. 2013; Wheelwright
et al. 2010) and the NT population (e.g., Freeth et al. 2013;
Poljac et al. 2013, 2012). As such it is a reliable measure-
ment tool for the comparison of autistic traits between the
ASC and NT group. As expected, Table 1 shows a signifi-
cant difference in autistic traits between the two groups
(1(47)=8.675, p<0.001): compared to an average AQ
score of 14 for the NT group, autistic participants had an
average AQ score of 29, which is well above the suggested
cut-off score of 26 (Woodbury-Smith et al. 2005).

Finally, all participants had normal or corrected-to-nor-
mal vision. They received a payment of 20 euro or course
credits for their invested time. Prior to any testing, written
informed consent was obtained from each participant. For
the participants younger than 18 years, both parents pro-
vided their written informed consents in addition to their
child’s consent. All procedures performed in the current
study were in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Specifically, the protocol was
approved by the local medical-ethical committee as well
as by the review board of the centre where the study was
conducted.

Stimuli and Tasks

In each trial, participants were presented with one of
three blue shapes (triangle/square/circle) inside a grid of
three adjacent boxes (see Fig. 1). The presented stimu-
lus approximately filled the specific box within the grid,
which was 2.6° high and 7.4° wide at a viewing distance
of approximately 1 m. Participants responded either to the
shape of the stimulus (i.e., shape task) or to its location
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Fig. 1 Schematic overview of trail events. During the entire trial, a
grid was presented. The stimuli were geometric figures appearing in
one of the three possible locations in the grid. In this way, each stimu-
lus afforded two possible tasks: shape (circle/squarel/triangle) and
location (left/middle/right). A trial started with the presentation of
a question mark right above the grid, indicating that the participants
needed to make a deliberate choice of tasks for the upcoming stimu-
lus. They were instructed to press the space bar to indicate that they
have made a task choice. The time needed for making this task choice
(i.e., choice time) was measured as the interval between the presenta-
tion of the question mark and the space bar press. The stimulus was

within the grid (i.e., location task). They were instructed
to first choose voluntarily whether to perform the shape
or the location task in each trial. They were further asked
to choose the two visuomotor tasks around equally often
and in a random order (cf. Arrington and Logan 2004).
If these instructions were not clear to the participants, we
introduced the ‘coin flipping’ metaphor, typically used
for explaining how to make task choices in the VTS para-
digms. Specifically, the participants were told to choose
the tasks as if flipping the coin would decide which task
to perform next. By pressing the spacebar, they indicated
to have made their task choice for that specific trial. In this
way, participants indicated that they have made the task
choice, without explicitly indicating what that particular
task choice was. This procedure allowed us to avoid intro-
ducing any bottom-up biases of task execution that might
have been generated by an explicit indication of task choice
prior to the stimulus presentation.

The two visuomotor tasks were uniquely mapped to
the two hands, with half of the participants responding to
the shape by pressing keys with their left hand and to the
location by pressing keys with their right hand. The map-
ping was reversed for the other half of the participants.
This procedure resulted in around half of the participants
using their non-dominant hand for the harder shape task,
with the exact numbers being 18 in the autistic and 23 in
the control group. The task-to-hand mapping also allowed
for determining the participants’ task choices based on the
hand they used to respond with. The actual response was
given by pressing a key with the index, middle, or ring
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presented on the screen 900 ms after the space bar was pressed. The
tasks were mapped separately to the two hands and the participants
responded by pressing a key. In the example illustrated here, the left
hand is used to respond to the shape (circle, square, triangle) and the
right hand to the location of the stimulus (L left, M middle, R right).
The correct response for the depicted example would be pressing the
right most key with the left index finger for the shape task or pressing
the left most key with the right hand for the location task. After the
response was given, the grid was emptied for 300 ms, followed by the
question mark indicating the start of the next trial

finger of the two hands. To indicate the shape of the stimu-
lus, participants used their leftmost, middle, and rightmost
finger of the appropriate hand for circle, square, and trian-
gle, respectively. The location of the stimulus was mapped
compatibly to corresponding responses: leftmost, middle,
and rightmost finger were used to indicate the left, centre,
and right box, respectively.

Across the whole experiment, stimuli were presented
quasi-randomly. Specifically, the two stimulus dimensions
(shape and location) were systematically varied, such that
between two successive trials, stimulus either repeated
fully, partially (either its location or its shape), or not at all.
Each of the four possibilities occurred equally often.

Procedure

The participants first practiced 20 trials of each task sepa-
rately, followed by practicing switching between the two
tasks for two blocks of 20 trials each. After the practice,
a series of eight experimental blocks started, with 60 tri-
als in each block. Within the blocks, each trial began with
an empty grid and a question mark above it (see Fig. 1 for
a schematic overview of trail events). Participants were
instructed to consider the question mark as a cue for mak-
ing a choice between the two tasks on that specific trial.
They were requested to hit the spacebar with both their
thumbs, once that they have made their task choice. The
spacebar hit was followed by an interval of 900 ms dur-
ing which the empty grid was still visible but the question
mark was removed. After this interval, a stimulus appeared
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at one of the three locations within the grid. The stimulus
remained on the screen until a response was given. This
response initiated a cleared grid presented for 500 ms, fol-
lowed by the question mark appearing above the grid, cue-
ing the participants that the new trial has started and that
they need to make their next task choice. Participants were
encouraged to use their time before hitting the space bar to
decide which task to perform.

At the end of each block, participants were reminded
to try to respond as quickly and accurately as possible and
to follow the instructions about equal task distribution and
‘random’ switching as described above. Also, feedback
was provided indicating the average response and choice
times, counts of errors, counts of the number of times each
of the two tasks was performed, and counts of the number
of switch and repeat trials. Participants were encouraged to
use the time between blocks to rest if needed.

Data Analyses

In the current study, we looked at the behaviour related
to task choices—as a measure of intentions—and at the
behaviour related to actual responding to the stimulus—as
a measure of the implementation of intentions into the cor-
responding actions. For the intentional part, we first looked
at our main measure of interest, their task choices. Spe-
cifically, we looked at Task choice in three different ways.
First, we looked at the average number of times that people
kept on repeating the same task in a row, the so-called Run
length. These were analysed with a 2 X2 repeated measures
analysis of variance (ANOVA), with Task (location/ shape)
as a within-subjects variable and Group (autism/ control)
as a between-subjects variable. Second, we calculated the
frequencies with which our participants made different run
lengths, investigating the distribution of run lengths of 1, 2,
3,4, 5, and 5+ trial runs. We grouped the runs of more than
five trials as these were relatively infrequent when taken
separately. The frequencies across the different run lengths
were analysed for the two groups by means of the Pearson
Chi square test.

Third, we investigated how specific stimulus features
influenced the choices of tasks the participants made.
This analysis was conducted, because the VTS paradigm
used here allowed the bottom-up stimulus information to
affect participants’ choices. That is, the participants were
instructed to make choices in each trial and then to hit the
space bar, but they were not asked to specify their actual
task choice. In this way, participants might have in some
cases ignored their initial intention. To test whether the
participants were following their intentions, we looked at
a commonly used measure of intention following, the so-
called stimulus repetition effect on task choices. Previous
research has shown that ignoring the initial intention can

happen when the stimulus repeats across trials (Mayr and
Bell 2006). The idea behind this measure is that, if one
makes a deliberate choice of tasks before the stimulus is
presented, then any stimulus-related manipulation intro-
duced in the design should not affect the already made
choice. If, however, the task choice is not stable enough,
then it is possible for stimulus presentation to modu-
late the eventual task choice, such as often observed for
stimulus repetitions. In the current study, we introduced a
within-subjects manipulation of stimulus repetition, with
the stimulus repeating either fully across two trials, par-
tially (either its location or its shape), or not at all. Each
of the four possible stimulus repetition types (full/ loca-
tion/ shape/ none) occurred equally often. We submit-
ted percentages of task repetitions to a 4 X2 X2 (Stimulus
repetition X Task X Group) repeated measures ANOVA to
investigate intention following measured as the influence of
stimulus repetition on participants’ choices, and in particu-
lar to test if these influences differed between the groups.
Note that we did not include task switches, as the two levels
of task transition, switched and repeats, were fully depend-
ent on each other here. Therefore, we focused on task rep-
etitions only.

In addition to the task choices, we also looked at the time
that the participants took to press the spacebar after the
presentation of the question mark as our second measure
for the intentional part. We assumed that this Choice time
reflected the time that participants needed to make their
task choice in each trial. We analysed the median choice
time with a 2x2x2 (Task X Transition X Group) repeated
measures ANOVA, with Transition (switch/repeat) as a
within-subjects variable.

Finally, we analysed the speed and accuracy with which
the participants responded to the stimulus as two meas-
ures of the actual task performance. Similar to choice time
analyses, both median reaction times (RTs) and error rates
were submitted to a 2X2X?2 (Task X Transition X Group)
repeated measures ANOVA. Error rates were calculated for
each of the Task X Transition conditions as a relative meas-
ure between the number of errors and the total number of
times a specific condition was chosen by the participant.

Before running the above described analyses, we
applied the following exclusion criteria to our data. For
the task choice analyses on run length and run length
frequencies, all trials were included. Next, all first trials
were excluded from the task choice analyses on percent-
age task repetitions for testing the intention following, as
well as from the analysis on median choice time. In addi-
tion to first trials, error trials and the trials following an
error were excluded for the analyses of median RTs. As
previously explained, the identity of the chosen task was
determined by the hand the participant used to respond
to the target stimulus. Accordingly, we considered a trial
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as an error trial when the participant responded with
the incorrect finger of the specific hand. Furthermore,
whether a given trial was considered a switch or a repeat
trial was defined according to the currently performed
task relative to the previously performed task.

Results

In what follows, we first present the data related to task
choices, which we assumed to represent the intentional
part of the paradigm used in the current study. In addi-
tion, we present the data related to the time that the par-
ticipants took to choose the tasks. Finally, to show how
the formed intentions were translated into the corre-
sponding action, we present the analyses of stimulus pro-
cessing, measured in terms of its speed and accuracy.

40 9 [l Location
. [0 Shape
W 35 =
c
Q@
5
S 30 =
C
©
(]
= 34
25 ™
2.5
2.0 I 1
Autistic Control

Fig. 2 Mean run length for the autistic and the control group as a
function of task (location or shape). Error bars indicate SE of the
mean

Task Choice

To investigate the task choices the participants made,
we first looked at the average amount of times they have
repeated each of the tasks, focusing on the measure
called run length. A 2x2 (Task X Group) repeated meas-
ures ANOVA revealed a significant main effect of Task,
F(1,74)=39.43; p<0.001, demonstrating a stronger ten-
dency in participants to repeat the harder shape task more
often (average run length of 2.9) than the easier location
task (average run length of 2.6). Although this effect was
significant in both the autistic, F(1,74)=23.80; p<0.001,
and the control group, F(1,74)=17.13; p<0.001, the ten-
dency to repeat the harder task more often in a row was
more strongly pronounced in autistics (repetition bias
asymmetry =0.5) than in their NT peers (repetition bias
asymmetry =0.2). This small but consistent effect was
confirmed with a significant interaction between Task and
Group, F(1,74)=4.99; p=0.029, see Fig. 2. Finally, a sig-
nificant main effect of Group was observed, F(1,74)=4.43;
p=0.039, with autistic participants being generally more
inclined to keep on repeating the same task more often
(average run length of 3.1) than their NT controls (average
run length of 2.4).

To further investigate task choices, we investigated the
frequencies at which different run lengths occurred. We
first calculated the frequencies for run lengths of 1-5, and
more than five trials in a row for each of the two groups
(see Table 2). The frequencies were submitted to the Pear-
son Chi square test, which allowed us to test associations
between Run length and Group. We observed a signifi-
cant association between type of run length and the group,
x2(5)=287.53, p<0.001. This seems to represent the fact
that, based on the odds ratio, the odds of autistic making
runs of 1, 2, 3, 4, 5, and 5+ trials were respectively, 0.80,

Table 2 Frequencies and
percentages of run lengths of 1,
2,3, 4,5, and 5+trials for the

two groups

Run length
1 2 3 4 5 5+ Total
Autistic
Average frequencies 63 57 36 16 8 11 191
Percentages within group 329 30.1 18.9 8.5 4.1 5.6 100
Standard residuals —2.8% 0.5 -0.2 -0.9 1.9 6.7%
Control
Average frequencies 78 63 41 19 7 6 214
Percentages within group 36.5 29.5 19.1 9.0 33 2.7 100
Standard residuals 2.6% -05 0.1 0.8 -1.8 —6.3*
Total
Average frequencies 71 60 38 18 7 8 203
Percentages within group 34.7 29.8 19.0 8.8 3.7 4.1 100

*Standard residuals are considered to indicate statistical significance when reaching values outside of +/—

1.94
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0.91, 0.88, 0.83, 1.11, and 1.89 times of those of the con-
trols. Specifically, Table 2 shows that while task runs of
one had lower odds of occurring more, the task runs longer
than five trials had higher odds of occurring more in the
autistic group than in the control group. Together these
findings demonstrate a clear difference in the distribution
of run lengths between the two groups: autistic participants
made significantly less runs of one trials (i.e., immediate
task switching) and repeated tasks in runs longer than five
trials more often that their NT peers.

Finally, we tested whether participants consistently
followed the choices they initially formed during the
period before hitting the space bar. Percentages of task
repetitions were submitted to a 4x2Xx2 (Stimulus rep-
etition X Task X Group), which revealed a main effect of
Stimulus repetition only, F(3,72)=6.38; p=0.001. Simple
contrast analyses showed that participants were inclined to
repeat the task the most when the stimulus fully repeated
(63.5%). This effect was significantly stronger than the rep-
etition effect observed when either its location (61.2%) or
its shape (59.8%) repeated, F(1,74)=7.38; p=0.008 and
F(1,74)=13.69; p<0.001, respectively. The inclination to
repeat was still present but the least prominent when none
of the stimulus features repeated (58.8%), differing signifi-
cantly from stimulus’ location repetition (F(1,74)=10.94;
p=.001), shape repetition (F(1,74)=3.75; p=0.057), or
full repetition, (F(1,74)=18.20; p<0.001). The effect was
not significantly different only between repeating the loca-
tion and repeating the shape of the stimulus, F(1,74)=2.68;
p=0.106. Importantly, however, as can be seen in Fig. 3,
the pattern of this stimulus repetition effect on task choices
—our measure of intention following—was not differ-
ent between the two groups, F'<1. This suggests that the
inclination to repeat tasks more often when the stimulus
repeated was similar in the two groups.

Il Autistic
— - Control
g 70 O
c
S 65+
p=1
[
Q.
2 60
vl
8
Y 55-
o 58
) 55 56
©
£ 50+ 53
3
@
& 45+ T T T 1
None Shape Location Full

Stimulus repetition

Fig. 3 Percentages of task repetitions in the two groups (autistic and
control) as a function of stimulus repetition (none, shape, location,
full repetition). Error bars indicate SE of the mean

To try to post hoc understand this stimulus effect better,
we furthermore tested if the participants who took less time
to make deliberate task choices were those who showed this
effect the most (cf. Millington et al. 2013). For this analy-
sis, the choice time was used to categorise the participants
as ‘fast’ or ‘slow’ within both the autism group (range
from 84 to 1109 ms, with a median split at 184 ms) and
the control group (range from 82 to 961 ms, with a median
split at 203 ms) based on a median split on their average
median choice time. This 4x2x2x2 (Stimulus repeti-
tion X Task X Group X Choice speed) revealed no significant
interactions of Choice speed with Stimulus repetition, F's
(3,70)<1.70, ps>0.18. This revealed that the observed
tendency to repeat the tasks more often when the stimulus
repeats was similar for those participants who made their
choices quickly and for those who took more time to make
a deliberate task choice.

Choice Time

Analysing the median time participants took to make their
choice of tasks with a 2x2 X2 (Task X Transition X Group)
repeated measures ANOVA revealed only a significant
interaction between Task and Transition, F(1,74)=9.421;
p=0.003. A closer look at this interaction showed that,
while for the location task, participants took a simi-
lar amount of time to choose for a switch (M =256 ms,
SE=23.7) or a repetition (M =260 ms, SE=23.7), F<1;
they took significantly more time to choose a switch
(M=268 ms, SE=25.0) towards the shape task than to
choose a repetition (M =248 ms, SE=22.2) of this task,
F(1,74)=4.56; p=0.036. No other main effects or interac-
tions were significant.

Reaction Times

Data were cleaned of the first trials (in total 608 tri-
als for all participants, that is, 1.7%), the error trials, and
the trials that followed errors (for the latter two together
these were 2096 trials across all participants, that is,
5.8%). This resulted in total of 7.4% of trials that were
excluded. Median RTs were then submitted to a 2X2X2
(Task x Transition X Group) repeated measures ANOVA,
which revealed a main effect of Task (F(1,74)=208.23;
p<0.001) and Transition (F(1,74)=62.26; p<0.001).
As expected, the shape task was a harder task for the par-
ticipants to perform, as they were on average slower in
the shape (M=681 ms, SE=16.5) than in the location
task (M =517 ms, SE=16.0), Also, participants demon-
strated a significant switch cost of 76 ms on average, with
slower RTs after a task switch (M=637 ms, SE=18.8)
than after a task repetition M =561 ms, SE=12.5). We
furthermore observed a significant interaction between
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task and transition (F(1,74)=9.69; p=0.003). Further
analyses revealed that although significant in both shape
(F(1,74)=67.39; p<.001) and location (F(1,74)=33.14;
p<0.001), switch costs were stronger in the shape task
(switch costs=91 ms, with M=726 ms, SE=20.8 and
M =635 ms, SE=13.2, for switch and repeat trials, respec-
tively) than in the location task (switch costs =60 ms, with
M=547 ms, SE=19.8 and M=487 ms, SE=13.2, for
switch and repeat trials, respectively). This asymmetry in
switch costs between tasks that differ in difficulty has been
observed before (for a similar pattern, see Barutchu et al.
2013; Liefooghe et al. 2010; Monsell et al. 2000, but see;
Schneider and Anderson 2010 for the reversed pattern).
Importantly, a significant interaction between Transi-
tion and Group, F(1,74)=9.63; p=0.003, indicated that
switch costs differed between the two groups. As can be
seen in Fig. 4, panel A, although significant switch costs
were demonstrated by both the autistic (F(1,37)=37.57,
p<0.003) and the control group (F(1,37)=27.24;
p<0.001), switch costs were larger in the autistic group
(switch costs=105 ms) than in the control group (switch
costs=46 ms). Finally, we observed a significant main
effect of group (F(1,74)=10.46; p=0.002), with the
autistic participants (M=648 ms, SE=21.6) being gen-
erally slower than their peers (M =550 ms, SE=21.6). It

Panel A
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1] - 23 24
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Fig. 4 Task execution data. Panel A depicts the mean of median
response times (above) and error rates (below) for the autistic and the
control group as a function of transition type (switch or repeat). Panel
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is important to take this observation into account, as it is
possible that the larger switch costs observed in autistics
were merely due to their generally slower responding in
this study. According to this idea, one might expect that in
slower participants, larger switch costs were simply due to
scaling. To address this possibility, we corrected the switch
costs for differences in general task execution in each par-
ticipant in two different ways. The first way of correcting
for the group differences in general reaction times was to
apply the logarithmic transformation of the RT data, often
applied in studies on cognitive (control) processed and
aging (e.g., Kray and Lindenberger 2000; Mayr 2001; van
der Lubbe and Verleger 2002). After the logarithmic trans-
formation, both of the effects of interest remained signifi-
cant: Transition x Group interaction was significant, with
F(1,74)=9.197; p=0.003; as was the main effect of Group,
with F(1,74)=9.549; p=0.003. The second way of cor-
recting was to calculate per participant their switch costs
as a percentage of slowing down in switch trials compared
to repeat trials (cf. Poljac et al. 2010). In this way, repeat
trials were considered as a baseline performance. When
analysing the switch-specific slowing down for the two
groups, we confirmed that this slowing down was signifi-
cantly larger in the autism group than in the control group,
F(1,74)=8.71; p=0.004; see Fig. 4, Panel B. Both these

Panel B

20 =
16 =

12 =

Mean slowing down (%)

Autistic

Control

B depicts the mean switch-specific slowing down for the two groups.
Error bars indicate SE of the mean
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corrections together suggested that larger switch costs in
autistic participants were not a mere reflection of their gen-
erally increased RTs.

Error Rates

Similar to the RTs, mean error rates were submit-
ted to a 2X2X2 (TaskXTransitionx Group) repeated
measures ANOVA, which again revealed main effects
for Task (F(1,74)=91.55; p<0.001) and Transition
(F(1,74)=30.72; p<0.001). The participants were on aver-
age less accurate in the shape (M =4.6%, SE=0.4) than
in the location task M=1.9%, SE=0.2) and after a task
switch (M=4.1%, SE=0.4) than after a task repetition
M=24%, SE=0.2). As Fig. 4, Panel A demonstrates,
a significant interaction between Task and Transition
(F(1,74)=4.58; p=0.036) was observed also in the error
rates. Further analyses revealed a similar pattern as in RTs,
showing that switch costs were significant in both shape
(F(1,74)=21.93; p<0.001) and location (F(1,74)=18.34;
p<0.001), but also demonstrating a similar asymmetry,
with switch costs being stronger in the shape task (switch
costs=2.3%, with M=5.7%, SE=0.5 and M=3.4%,
SE=0.3, for switch and repeat trials, respectively) than
in the location task (switch costs=1.2%, with M=2.5%,
SE=0.3 and M=1.3%, SE=0.2, for switch and repeat tri-
als, respectively). Importantly, no significant difference
between the two groups were observed, nor did Group
interact significantly with any other factors.

Discussion

The present findings demonstrate differences in behav-
ioural patterns of task switching between autistics and their
NT controls. When participants make their own, binary
task choices, these differences emerge both at the level of
intentions as well as at the level of their implementation
into the corresponding actions. For intentions, we observed
a stronger tendency to repeat tasks in autistic participants,
which they expressed in larger repetition bias (asymme-
try) and in particular in less immediate task switches and
more frequent runs that were longer than five trials in a
row. For actions, autistic participants demonstrated larger
switch costs, which is to our knowledge observed for the
first time in a controlled study. These results together sug-
gest that intentional control might be relevant to behav-
ioural rigidity in autism. In what follows, we discuss the
implications of these findings for a better understanding
of behavioural rigidity in autism, first regarding the contri-
bution of intentional control in VTS to the expression of
behavioural rigidity, with a particular focus on the interplay
of top-down intentional control and bottom-up factors, and

second regarding the relationship between voluntary task
choice (intentions) and the subsequent expression of rigid-
ity in task execution (actions) in terms of task switching
behaviour.

Shaping Intentions

Our findings demonstrate that the stronger repetition bias
in broader autism phenotype, previously reported in indi-
viduals with higher autistic traits (Poljac et al. 2012), is
also observed when tested in the actual clinical population
of individuals diagnosed with autism. This observation is
important as it provides—to our knowledge for the first
time—empirical evidence for the idea that intentional con-
trol mechanisms are possibly highly relevant to behavioural
rigidity in autism. Specifically, we observed that the ten-
dency to repeat tasks more often than it would be expected
based on the given instructions was significantly stronger
in autistic participants than in their NT peers, in particu-
lar regarding the task repetitions of more than five trials in
a row. A similar pattern of repetition bias has previously
been reported in studies looking at voluntary behaviour in
non-clinical populations (Arrington and Logan 2004; Mayr
and Bell 2006; Yeung 2010), implying that people gener-
ally have the bias towards repetitions when given an option
of task choice.

It has been suggested that this tendency to perseverate
in tasks is associated with both top-down and bottom-up
processes (Arrington 2008; Arrington and Logan 2005;
Mayr and Bell 2006). For the top-down mechanisms, at
least two explanations have been put forward: one in which
a representative random sequence is used as a compari-
son to the recent history of task choices based on which
the next task choice is made (Arrington and Logan 2005),
and another where each trial is treated as a discrete event,
in which active inhibition of the most recent task activa-
tion protects the system from perseverating (Mayr and Bell
2006). These top-down views suggest that the repetition
bias happens when the top-down control mechanism fails.
As for the bottom-up effects contributing to the repetition
bias, it has been suggested that task choices are made based
on the availability of the external input, such as a stimulus
presentation, which then cues the task that it has recently
been associated with. Accordingly, repetition bias happens
when external stimulation is stronger than the internal aim.
So, rather than following the initial intention, one conducts
behaviour afforded by the stimulus.

Perhaps the most evident empirical evidence for the
bottom-up influences on task choices comes from studies
investigating the so-called stimulus-repetition effects in
VTS (Arrington et al. 2010; Mayr and Bell 2006). These
studies showed that participants are more likely to repeat
the previous task if the stimulus repeats from the previous
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trial. Also in the current study, task repetitions increased
with repeating stimulus features between trials. Impor-
tantly, however, this stimulus-repetition effect was of a
similar size in both participant groups. This implies that the
significant difference in repetition bias observed between
the autistic and the NT participants was not driven by the
stimulus-related biasing of task choices in our study.

A more feasible explanation for our finding of the sig-
nificantly stronger repetition bias in autistic participants
comes from the studies investigating between-task com-
petition in VTS (Millington et al. 2013; Poljac et al. 2012;
Yeung 2010). These studies have reported a small but con-
sistent repetition bias asymmetry when asking people to
choose between tasks that differ in their relative strength.
For instance, Yeung (2010) used similar tasks as in our
study: a relatively strong and easy to execute location clas-
sification, and a relatively weak and harder to execute
shape classification task. Interestingly, although the shape
task was harder to perform, participants had a greater ten-
dency to repeat this task than the easier location task. This
somehow contra-intuitive observation of the repetition bias
asymmetry towards the harder task has been explained in
terms of the amount of task interference between the two
tasks. Specifically, it has been suggested that weaker tasks
are generally more prone to between-task interference even
when performed repeatedly, whereas stronger tasks are in
principle only modulated by interference on switch trials
(see Yeung and Monsell 2003). Therefore for the weaker
task to be performed correctly, one needs to exert more
cognitive control, generating persisting biases toward the
weaker task and hence increasing the difficulty of switching
away from this task.

Also in the current study, a repetition bias asymmetry
was observed. We found a significantly stronger tendency
to repeat the harder shape task than the easier location
task. Importantly, however, this repetition bias asymme-
try was stronger in autistic participants than in their NT
controls. A similar observation was also reported with a
broader autism phenotype: Poljac et al. (2012) reported
repetition bias asymmetry that was stronger in the partici-
pants with relatively higher autistic traits. The observed
stronger repetition bias asymmetry in autistic participants
in our study suggests that for them this behavioural perse-
veration was generated by a stronger control bias towards
the weaker task, which was needed in order to execute
this weaker task correctly. This implies that more cogni-
tive control was needed to be exerted by autistic partici-
pants than by their NT peers for the tasks to be executed
correctly. Furthermore, considering that differences in
task repetition behaviour between autistic and NT partici-
pants was modulated by task strength and not by stimu-
lus repetition in our study, we can say that these differ-
ences in repetition bias were related to bottom-up effects
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at the level of tasks, rather than at the level of stimuli.
This implies that the stronger perseveration observed in
autistic participants in our study originates from an inter-
play between top-down intentional control and bottom-up
task processes, with the interference being generated at
the level of tasks.

There are two important methodological points that
deserve to be mentioned here. First point concerns the
nature of tasks used in our study. Specifically, the type of
stimulus-response (S—-R) mappings differed between the
two tasks: Whereas for the location task, the mappings
were direct and needed no further explanation, the shape
task involved arbitrary S—-R mappings, requiring some
practice to be remembered and hence correctly applied.
It is therefore plausible that the slower RTs observed for
the shape task, labelled by us as a harder and weaker task
of the two, were driven by the arbitrary S—R mappings
in this task. Interestingly, Stoet & Loépez (2011) have
demonstrated that task switching in terms of accuracy
becomes challenging for autistic children when using
arbitrary S-R mappings that needed to be memorised.
Along these lines, it is possible that the autistic partici-
pants in our study demonstrated stronger perseveration
for the shape task compared to the location task because
they were more challenged by arbitrary mappings in the
shape task than their NT peers.

Second point regards the type of the VTS paradigm
applied in our study. Having used a paradigm in which
the choice of tasks was not explicitly indicated by the
participants, we needed to derive task intentions from the
hand used to reply. In such a design, it is possible that the
derived intentions were not matching participants’ true
task intentions in all trials. It is sensible to expect that
these trials were not frequent as otherwise we should have
observed much more errors if the participants intentions
did not match the hand used. Furthermore, Millington
et al. (2013) demonstrated that in NT participants, this
paradigm produces behavioural effects similar to those
observed when using a paradigm in which task choice
is explicitly indicated. However, we cannot exclude this
possibility and moreover, we cannot specify the trials
in which this might have happened. Further research is
needed to investigate if and how these two methodologi-
cal points might have affected the observations reported
in the current study.

Altogether, our findings on task choice indicate that the
stronger perseveration tendency in autism can be detected
with the VTS paradigm. More importantly, our findings
suggest that intentional control mechanisms significantly
contribute to behavioural rigidity in autism. Specifically,
the interplay between top-down intentional control and
bottom-up between-task competition provides a promising
account for explaining behavioural rigidity in autism.
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Translating Intentions into Actions

Contrary to our expectations, we observed differences in
task switching behaviour between the two groups in our
study. Specifically, we observed higher switch costs in
autistic participants than in their NT peers. This finding is
important for at least two reasons. First, to our knowledge,
this is the first controlled study to demonstrate empiri-
cal evidence for challenges in adapting to task switches in
autistic persons. Previous studies that used different para-
digms failed to provide such evidence (for an overview see
Geurts et al. 2009; but see; Stoet and Lopez 2011, for the
effects of arbitrary rules on switch accuracy in autistics).
For instance, previous work on task switching with either
cued tasks in autistic participants (Poljac et al. 2010) or
with VTS in individuals with high autistic traits (Poljac
et al. 2012) did not provide evidence for impaired task
switching behaviour. Yet in the current study, we observed
clearly larger switch costs when comparing autistic partici-
pants with their NT peers. One explanation for this discrep-
ancy is that in the study of Poljac et al. (2010), explicit task
cues were used, which made intentional control unneces-
sary for correct task execution. If we assume—as we are
suggesting here—that intentional control might play an
important role in behavioural rigidity in autism, then it is
not surprising that no behavioural rigidity in terms of task
switching abilities was observed in the study using explicit
task cues. What is surprising, however, is that in the study
using a similar VTS paradigm as in the current study, while
differences at the level of task choices were observed, no
indication of task switching difficulties was demonstrated
by individuals with high autistic traits (Poljac et al. 2012).
The most parsimonious explanation for this discrepancy is
the difference in the participants’ profiles: While the pre-
vious study assessed the VTS paradigm in a non-clinical
population, the current study included clinically diagnosed
individuals. It is possible that for the student population
included in the study of Poljac and colleagues, the task was
not challenging or sensitive enough to discover task switch-
ing problems.

Second reason why our finding of task-switching chal-
lenges in autistic participants is important is that this
observation is in line with behavioural rigidity often
reported in daily lives of autistic persons. We must men-
tion here that the level of task complexity used in the cur-
rent study might be an important factor for the observed
task switching difficulty in the autism group (cf. Williams
et al. 2006a). Unlike the study of Poljac et al. (2010), in
which the main focus was on task switching, the current
study also included the intentional component: Our par-
ticipants were required to make decisions in each trial.
This construction makes the whole study more complex,

and hence more challenging for the participants. We
know from other research fields that complexity plays
a role in the way autistic persons perform the tasks. For
instance, increasing complexity in tasks developed for
testing working memory seems also to expose difficulties
in working memory in autism that otherwise stay unde-
tected (e.g., Landa and Goldberg 2005; Williams et al.
2006b). In a similar way, increasing complexity in tasks
testing attentional or visuomotor control reveal difficul-
ties performing these tasks in autistic people (cf. Gold-
stein et al. 2001; Miller and McGonigle-Chalmers 2014).
Accordingly, it is possible that also in the current study,
the higher complexity generated switch-specific differ-
ences between the groups. Future studies are needed to
explore the role of task complexity within the context of
behavioural rigidity and intentional control in autism.

Conclusion

Collectively, our findings demonstrate behavioural rigid-
ity in autism at the level of task intentions as well as
the level of their corresponding actions in a controlled,
experimental design. In this way, we provide empirical
evidence for the idea that intentional control mechanisms
contribute to the behavioural rigidity observed in the
daily lives of autistic people. These observations call for
further experimental investigation of behavioural rigid-
ity aiming at specifying the neurocognitive mechanisms
that are responsible for this core symptom of autism, and
the VTS paradigm seems to offer a promising way to
proceed.
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