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Abstract To learn to deal with the unexpected is essen-

tial to adaptation to a social, therefore often unpredictable

environment. Fourteen adults with autism spectrum disor-

ders (ASD) and 15 controls underwent a decision-making

task aimed at investigating the influence of either a social

or a non-social environment, and its interaction with either

a stable (with constant probabilities) or an unstable (with

changing probabilities) context on their performance. Par-

ticipants with ASD presented with difficulties in accessing

underlying statistical rules in an unstable context, a deficit

especially enhanced in the social environment. These

results point out that the difficulties people with ASD

encounter in their social life might be caused by impaired

social cues processing and by the unpredictability associ-

ated with the social world.

Keywords Autism spectrum disorders � Social �
Instability � Decision-making

Introduction

Autism spectrum disorders (ASD) are pervasive develop-

mental disorders characterized by social communication

problems, difficulties with reciprocal social interactions,

and unusual patterns of repetitive behavior (American

Psychiatric Association 2013). Clinical reports show that

when left to their own devices, children with ASD tend to

compulsively create patterns, which may reflect a strong

desire to impose control over changing events (Frith 1970).

Kanner (1968) observed in children with ASD: ‘‘The

child’s behavior is governed by an anxiously obsessive

desire for the maintenance of sameness. Changes in routine

can drive him to despair’’. Individuals with ASD may feel

stressed, anxious or confused if unpredictable changes

occur in their environment. This greater need for predict-

ability might arise from systemizing mechanism being set

too high in ASD (Baron-Cohen 2006). Indeed, according to

the hyper-systemizing theory individuals with ASD pref-

erentially develop a systemizing style that makes them

good at understanding systems that are highly predictable,

with low variance (Baron-Cohen 2002). This theory would

explain why people with autism prefer either no change, or

systems which change in highly lawful or predictable ways.

On the contrary, they might become disabled when faced

with systems characterized by complex change (such as

social behavior; Baron-Cohen 2006).

Describing subjects with Asperger syndrome, Volkmar

et al. (2005) observed that: ‘‘their lack of spontaneous

adaptation is accompanied by marked reliance on formal-

istic rules of behavior and rigid social conventions’’.
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Individuals with ASD display difficulties in using their

formal social knowledge in quick-paced, rapidly shifting,

social situations (Allman et al. 2005). This is illustrated by

the compensatory strategy expressed by person with ASD

who reported: ‘‘When I encounter a new social situation, I

have to search my memory for a similar experience that I

can use as a model for my next action. I have a very dif-

ficult time when I am confronted with unexpected social

surprises’’ (Volkmar et al. 2005). This might partially

explain the difficulties they encounter in making ‘‘on the

spot’’ decisions: autobiographical accounts describe how

decision-making processes can become ‘‘locked-up’’ for

people with ASD (Luke et al. 2012).

To learn to deal with the unexpected is essential to

adaptation to a social, therefore often unpredictable and

fluctuating, environment. The information received in daily

social life is inherently probabilistic. Human behavior has

been described as a complex, highly unpredictable system

(Blackerby 1993). Finding underlying statistical rules (i.e.

regularities) and constructing an accurate representation of

the world, despite its uncertainty, might be significant

challenges for people with ASD (Gomot and Wicker 2012).

A recent psychophysical experiment (Ma et al. 2006)

indicates that neurotypical people perform near-optimal

Bayesian inference (a rational way of updating knowledge

with information from the environment) in a wide variety

of tasks, ranging from cue integration to decision-making.

Therefore, social interaction deficits may be linked (among

other things) to an inability to extract regularities from the

environment. Although social deficits in ASD have often

been studied in relation to theory of mind (Baron-Cohen

et al. 1994; Rutherford et al. 2002; Lombardo et al. 2007),

face processing (Ewing et al. 2013; Nagai et al. 2013) and

emotion recognition (for a review, see Uljarevic and

Hamilton 2012), the processing of the unpredictable aspect

of the social world per se has not yet been investigated.

According to Allman et al. (2005), the social disabilities

observed in ASD may be partially due to the abnormal

development of a specific class of neurons, the Von Eco-

nomo neurons, which may be involved in the fast intuitive

assessment of complex situations. These neurons are

located in the anterior cingulate (ACC) and fronto-insular

cortex. The authors hypothesized that these neurons enable

individuals to make quick, intuitive decisions that enable

them to adapt to rapidly changing conditions. Allman et al.

further predicted that these deficiencies would be obser-

vable in non-social tasks, as well as in social situations

(because social emotions, by their very nature, involve

considerable uncertainty). There is no clear evidence

whether people with ASD have a primary difficulty

extracting regularities from any kind of information, or if

these difficulties are particularly enhanced in a social

environment. Indeed, in individuals with ASD, the

difficulties created by the social nature of the environment

could interact with a global deficit they have in adapting

their behavior to an unstable context.

Our aim was to study the ability of people with ASD to

extract regularities from the environment, and to investi-

gate the potential influence of the social nature of the

environment on this ability. This behavioral study aimed at

investigating the influence of an either social or non-social

and stable (associated with constant probabilities) or

unstable (associated with changing probabilities) environ-

ment on the behavior of ASD participants in a decision-

making task.

Materials and Methods

Participants

Fourteen adult participants with ASD without intellectual

deficiency (mean age 28.4 ± 6.9) took part in this study.

Eleven of them did not present with delay in language

onset. Fifteen adult control participants with typical

development (mean age 29.4 ± 8.2) constituted the control

group. The volunteers fully consented to the study, which

was approved by the French National Ethics Committee.

The two groups were matched with respect to age, gender

and verbal IQ (see Table 1). ASD subjects were recruited

through the Resources Center for Autism in the Vinatier

Hospital (Lyon, France). Control subjects were recruited

either using a student mailing list, or among friends of

researcher colleagues for the older participants.

All participants in the clinical group had been diagnosed

before the study. Individuals with a clinical diagnosis of

Asperger syndrome or high-functioning autism according

to the DSM-IV-TR (American Psychiatric Association

2000) were included in the study. All diagnoses were made

by experienced clinicians and based on clinical observa-

tions of the participants, using the autism diagnostic

interview (Couteur et al. 1989) or the autism diagnostic

observation schedule (Lord et al. 1989). Only one of the 14

ASD subjects presented with a comorbidity. This subject

also suffered from a bipolar disorder and was taking a

Table 1 Demographic information (mean ± SD): age, gender, ver-

bal IQ, performance IQ and AQ of control and ASD participants

Controls ASD p

Age 28.4 ± 6.9 29.4 ± 8.2 ns

F:M 3:12 3:11 ns

Verbal IQ 126.4 ± 11.7 118.6 ± 11.5 ns

Performance IQ 117.6 ± 10.2 94.6 ± 21.5 p\ 0.001

AQ 13 ± 7 33 ± 6 p\ 0.001
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treatment at the time of the study, consisting in a seroto-

ninergic antidepressant and an atypical neuroleptic. The

reaction times of this subject were not significantly dif-

ferent from the reaction times of the ASD group (t test,

p = 0.44). Apart from this subject, ASD participants did

not take any medication and did not present any comor-

bidity at the time of the study.

All participants (both control and ASD subjects) also

performed the autism quotient (AQ) test (Baron-Cohen

et al. 2001), a measure of the extent of autistic traits in

adults. Prior to the experiment, the control participants’ AQ

was calculated in order to verify that their score did not

extent the limit of 31, since Baron-Cohen et al. (2001) cited

a score of 32 or more as indicating clinically significant

levels of autistic traits. All control subjects met this crite-

rion. T tests were run to test for statistically significant

differences concerning age, gender, verbal IQ, performance

IQ and AQ (see Table 1). The performance IQ, but not the

verbal one, differed between the two groups. A difference

between the verbal and performance IQ is a common

finding in persons with ASD without delay in language

onset (Chiang et al. 2014; Wilson et al. 2014).

Participants received 20 Euros at the end of the

experiment.

Design and Procedure

We compared the behavior of ASD patients and matched

controls in a decision task. The task was adapted from

Behrens et al. (2007), (2008). Participants were presented

with two boxes with hidden reward probabilities, and were

asked to choose between them by pressing one of the two

available buttons on a regular keyboard. The goal was to

score as many points as possible. In each trial, if one box

was rewarding, the other was not. Participants received

feedback about their choice at the end of the trial and their

score was updated accordingly. To avoid stress in partici-

pants, especially in those with ASD, subjects had no time

limitation to choose one of the two boxes, but they were

asked to answer as soon as their choice was made.

All participants carried out a familiarization task first. In

this familiarization task, participants did not receive a cue

before making their choice. The boxes had hidden proba-

bilities that varied during the session (120 trials): during

the first 60 trials, the probability of winning was 75 % for

one box, and 25 % for the other box (stable context).

During the last 60 trials, the probabilities associated with

the boxes were unstable, switching from 20 to 80 % twice

over the 60 trials (unstable context). Participants needed to

have experienced a ‘‘stable’’ context in order to induce an

‘‘unstable’’ context. Therefore, in this familiarization task,

the stable condition was always performed before the

unstable condition.

Participants then performed the cue-guided task: a cue

(either non-social or social) was presented to subjects at the

beginning of each trial, before they made their choice. In

the non-social environment, the cue was an arrow (indi-

cating a computer’s choice) and was presented to subjects

for 800 ms. In the social environment, a short movie

depicting the choice of an actor was presented to subjects

for 1,500 ms before each trial. In this movie, the actor

dynamically indicated his choice by looking at the chosen

box, and the chosen box then lit up (see Fig. 1). Stimuli

presentation was mediated by the Presentation software

(Neurobehavioral Systems, EU).

Participants underwent three distinct conditions (60 trials

each, see Table 2) in both non-social and social environ-

ments. Different hidden probabilities of indicating the cor-

rect answerwere associatedwith the cue and different hidden

probabilities of winning were attributed to the boxes.

1. ‘‘80 % reliable cue’’: the probabilities of winning were

greater when following the cue (reliable in 80 % of

trials) than when following the box probabilities (60 %

for one of the boxes). Cue reliability was stable.

2. ‘‘60 % reliable cue’’: the probabilities of winning were

greater when relying on the box probabilities (80 % for

one of the boxes) than when following the cue (reliable

in 60 % of trials). Cue reliability was stable.

3. ‘‘Unstable cue reliability’’: cue reliability was unstable,

switching from 80 % reliable to 80 % unreliable twice

over the 60 trials. The probabilities of winning were

greater when following the cue (choosing the opposite

of the cue indication when the cue was 80 %

unreliable, or following its indication when it was

80 % reliable) than when following the box probabil-

ities (60 % for one of the boxes).

Inside each group (ASD and control subjects), half of

the participants performed the experiment with order 1:

{Familiarization task; ‘‘Non-social 80 % reliable cue’’;

‘‘Non-social 60 % reliable cue’’; ‘‘Non-social unstable cue

reliability’’; ‘‘Social 80 % reliable cue’’; ‘‘Social 60 %

reliable cue’’; ‘‘Social unstable cue reliability’’}; and half

of the participants performed the experiment with order 2:

{Familiarization task; ‘‘Social 80 % reliable cue’’; ‘‘Social

60 % reliable cue’’; ‘‘Social unstable cue reliability’’;

‘‘Non-social 80 % reliable cue’’; ‘‘Non-social 60 % reli-

able cue’’; ‘‘Non-social unstable cue reliability’’}. The

color of the boxes was also counterbalanced between

subjects to avoid an effect of color preference.

Variables of Interest Defined for the Behavioral

Analysis

We used different variables to quantify the subjects’

behavior.
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• the subjects’ reaction time and performance (calculated

as the proportion of trials won in each condition).

• success criterion: defined as winning 60 % of trials

relative to the total number of trials. Reaching the

success criterion was a Boolean equal to 1 if the

subject’s performance was higher than 60 %, and equal

to 0 if it was lower. This enabled to extract for each

group the percentage of subjects achieving the success

criterion in the different conditions.

• index of perseveration after a failure: number of trials

between a failure and a change of choice.

• proportion of trials in which the subject followed the

cue: calculated in each condition relative to the total

number of trials.

Statistical Analysis

The subjects’ reaction time, the performance, the index of

perseveration after a failure and the proportion of trials in

which the subject followed the cue were analysed with

multifactorial ANOVAs. Multifactorial ANOVAs aimed at

understanding which factor better explains each variable of

interest.

In the familiarization task we were interested in the

influence of three factors:

1. the ‘‘subject’’ factor enabled to study how each

variable was explained by the fact that each subject

is different from the other. This factor was not linked

to our protocol: it was a random factor. The ‘‘subject’’

factor had 29 levels, corresponding to the number of

subjects.

2. the ‘‘group’’ factor enabled to study the effect of

being part of the ASD group compared to being part

of the control group on the variable of interest. This

factor was defined in our protocol, it was a fixed

factor. This ‘‘group’’ factor had two levels, corre-

sponding to the ‘‘ASD group’’ and the ‘‘control

group’’.

Fig. 1 Cue-guided task: a cue was presented to subjects at the

beginning of each trial, before they made their choice. In the non-

social environment (a), the cue was an arrow presented for 800 ms. In

the social environment (b), a short movie depicting the choice of an

actor was presented for 1,500 ms before each trial. In the movie, the

actor dynamically indicated his choice by looking at the chosen box,

and the chosen box then lit up. Two boxes with hidden reward

probabilities were then presented until the subject chose between

them. A yellow frame indicated which box was chosen. Participants

then received a feedback about their choice (Color figure online)

Table 2 Summary of the three conditions (60 trials each) in each environment (social and non-social)

Condition (1)

80 % reliable cue

(2)

60 % reliable cue

(3)

Unstable cue reliability

Cue reliability 80 % 60 % 20 %–80 %–20 %

Context Stable Stable Unstable

Box probabilities Box #1: 60 %

Box #2: 40 %

Box #1: 80 %

Box #2: 20 %

Box #1: 60 %

Box #2: 40 %

Most efficient strategy Follow the cue indication Ignore the cue Do the opposite of the cue indication;

follow it; do the opposite again

1606 J Autism Dev Disord (2015) 45:1603–1613
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3. the ‘‘stability’’ factor enabled to study the effect of

being in an unstable context compared to being in a

stable one on the variable of interest. This factor was

also defined in our protocol, it was a fixed factor and it

held two levels: ‘‘stable’’ and ‘‘unstable’’, correspond-

ing to the two kinds of context.

The ‘‘subject’’ factor was random, the other ones were

fixed. We therefore used a mixed-effect model to analyse

the data.

In the cue-guided task we were interested in the influ-

ence of the same three factors as those from the familiar-

ization task model: ‘‘subject’’, ‘‘group’’ and ‘‘stability’’,

and two supplementary factors linked to the supplementary

conditions of this task:

4. the ‘‘social nature’’ factor enabled to study the effect of

being in a social environment compared to be in a non-

social one on the variable of interest. This factor was

defined in our protocol, it was a fixed factor and it held

two levels: ‘‘non-social’’ and ‘‘social’’, corresponding

to the two kinds of environment.

5. the ‘‘reliability’’ factor enabled to study the effect of

receiving an information more or less reliable on the

variable of interest. This factor was also defined in our

protocol, it was a fixed factor and it held three levels:

‘‘20 % reliable’’, ‘‘60 % reliable’’, and ‘‘80 %

reliable’’.

The ‘‘subject’’ factor was random, the other ones were

fixed. We therefore also used a mixed-effect model.

As a non parametric equivalent for three ways ANOVA

test does not exist, it is generally admitted to use the

parametric approach to analyze a multifactorial (more than

two factors) design even if the distribution of the studied

variable deviate from the normal distribution. Moreover,

parametric statistical analyses are widely used even with

small sample sizes as the ANOVA is very robust (i.e. not

creating effects in case of assumption violation, Schmider

et al. 2010).

Post-hoc tests were applied to compare groups (Bon-

ferroni multiple comparison test). Before each Bonferroni

multiple comparison test, the equality of variances was

checked. If the variables in the two groups had equal

variances, the degrees of freedom had a value of 27

(=number of subjects - 2). In this case the value of the

degrees of freedom was reported in the ‘‘Results’’ section.

If the variables in the two groups had unequal variances,

the degrees of freedom were calculated with the Welch

Correction. In this case the corrected value of the degrees

of freedom was reported in the ‘‘Results’’ section.

To compare the success criterion between the two

groups, we used a ‘‘proportion comparison test’’ (Schwartz

1963).

Results

Reaction Times

We were first interested in whether the ASD and control

groups differed in terms of their reaction time. Regardless

of the condition, ANOVA showed slower reaction times in

ASD subjects compared to controls in both the familiar-

ization task and the cue-guided task (p\ 0.001,

T = 15.96, corrected degrees of freedom = 23).

Performances

We were then interested in whether the ASD and control

groups differed in terms of their performances (percentage

of trials won). ANOVA showed an effect of the ‘‘group’’

factor in the familiarization task and in the cue-guided task.

In the familiarization task, ASD subjects’ performances

were significantly lower than controls’ (p\ 0.01,

T = 3.03, corrected degrees of freedom = 27), successful

trial percentage was 55 % (±7.2) for ASD and 60 %

(±7.1) for controls. A difference between the two groups’

performances was also found in the cue-guided task

(p\ 0.001, T = 6.39, corrected degrees of free-

dom = 25): the percentage of successful trials was 58.2 %

(±16.1) for ASD subjects and 66.6 % (±11.8) for controls.

ANOVA also showed an effect of stability on the subjects’

performances: regardless of the group, subjects showed

lower performance (p\ 0.001, T = 9.18, degrees of

freedom = 27) in the unstable context (58.7 % ± 15.9 of

successful trials) compared to the stable one

(68.2 % ± 10.1 of successful trials). No interaction

between the factors ‘‘stability’’ and ‘‘group’’ was found.

We also tested whether the AQ could be negatively

correlated with performances in the unstable conditions

and in the social ones. In the familiarization task and the

cue-guided task, a significant negative correlation between

AQ and performances was found (in the familiarization

task: R = -0.41 and p\ 0.05; in the cue-guided task:

R = -0.5 and p\ 0.01). Considering the different ses-

sions separately, a significant negative correlation between

AQ and performances was found in all unstable conditions

(in the familiarization task: R = -0.42, p\ 0.05, in the

non-social environment: R = -0.53, p\ 0.01, in the

social environment: R = -0.53, p\ 0.01). This correla-

tion was also found in the ‘‘80 % reliable cue’’ social

condition (R = -0.41, p\ 0.05, Fig. 2).

Success Criterion

We compared the success criteria to test whether the ASD

and control groups differed in terms of the number of

J Autism Dev Disord (2015) 45:1603–1613 1607
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subjects succeeding in the task. In each condition, the

success criterion was defined as winning 60 % of trials

relative to the total number of trials (see ‘‘Materials and

methods’’). The percentage of subjects achieving the suc-

cess criterion was significantly lower in the ASD group

compared to the control group in the unstable context

(p\ 0.001, Z = 3.30), but not in the stable one, and in the

social environment but not in the non-social one (p\ 0.05,

Z = 1.93, Fig. 3). Both a social environment and an

unstable context were associated with a lower number of

ASD subjects reaching the success criterion, but the

unstable context affected this number more than the social

environment (p\ 0.01, Z = 2.65).

Perseveration After a Failure

We were also interested in whether the ASD and control

groups differed in terms of perseveration. The number of

trials between a failure and a change of choice was cal-

culated. ANOVA applied to this parameter showed that

regardless of the condition, ASD subjects perseverated

significantly longer than controls after a failed trial

(p\ 0.001, T = 5.45, corrected degrees of free-

dom = 27): the number of trials between a failure and a

change of choice was on average 3.2 (±1.8) trials for ASD

subjects compared to 2.3 (±1.7) trials for controls. More-

over, a significant positive correlation between AQ and the

number of trials between a failure and a change of choice

was found in the unstable conditions (R = 0.47; p\ 0.01)

but not in the stable ones.

Proportion of Trials in Which the Subject Followed

the Cue

In the cue-guided task, we tested whether the ASD subjects

differed from controls concerning their tendency to follow

the cue in the different conditions. The proportion of trials

in which the subject followed the cue indication was cal-

culated in each condition. Interactions were found between

‘‘group’’ and ‘‘social’’ factors, and between ‘‘group’’ and

‘‘reliability’’ factors. Post-hoc tests revealed a difference

between the extent to which ASD participants and controls

followed the cue when the cue was 20 % reliable

(p\ 0.01, T = 3.11, corrected degrees of freedom = 25),

and when it was 80 % reliable (p\ 0.001, T = 8.79,
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Fig. 2 Percentage of successful trials (y-axis) as a function of AQ

value (x-axis) in the familiarization task (a), in a non-social

environment (b) and in a social one (c). Control subjects are depicted
with black circles and ASD subjects with light-grey crosses
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between the two groups (p\ 0.001)
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degrees of freedom = 27), regardless of the condition

(social and non-social conditions pooled together; Fig. 4).

With regard to the extent to which subjects followed the

cue, a significant difference was found in the controls when

comparing the ‘‘20 % reliable cue’’ and the ‘‘60 % reliable

cue’’ conditions (p\ 0.001, T = 6.63, degrees of free-

dom = 27), and when comparing the ‘‘60 % reliable cue’’

and the ‘‘80 % reliable cue’’ (p\ 0.001, T = 12.74,

degrees of freedom = 27). In ASD subjects, a significant

difference was only found between the ‘‘20 % reliable

cue’’ and the ‘‘80 % reliable cue’’ conditions (p\ 0.001,

T = 4.87, degrees of freedom = 27).

The correlation between the extent to which controls

followed the cue and cue reliability was very strong:

R = 0.8410 (p\ 0.001). In ASD subjects the correlation

between these two values was also significant but lower:

R = 0.423 (p\ 0.01). More precisely, only one subject

out of the 15 controls showed a correlation coefficient

between the extent to which he followed the cue and cue

reliability lower than 0.8, whereas 7 subjects out of the 14

ASD subjects showed a correlation coefficient below 0.8

(Fig. 5).

We also hypothesized that the AQ could be negatively

correlated with the extent to which subjects followed a cue

mostly reliable, and that it could be positively correlated

with the extent to which subjects followed a cue mostly

non-reliable. When cue reliability was unstable, the cue

could be either 80 or 20 % reliable. In the unstable con-

dition (cue reliability shifting from 80 to 20 %), we found a

negative significant correlation between AQ and the extent

to which subjects followed the cue when cue reliability was

80 % (regardless of the social nature of the environment)

(with a non-social cue: R = -0.42, p\ 0.05; with a social

cue: R = -0.44, p\ 0.05). Conversely, a positive corre-

lation between AQ and the extent to which subjects fol-

lowed the cue indication was found in the unstable social

environment, when the cue was only 20 % reliable

(R = 0.39, p\ 0.05; Table 3).

Discussion

This study aimed at investigating the influence of an either

social or non-social environment on the behavior of people

with ASD, and its interaction with an either stable or
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Fig. 4 Proportion of trials in which controls (black) and ASD

subjects (light-grey) followed the cue (y-axis) as a function of cue

reliability (x-axis) with standard deviations. Asterisks indicate a

significant difference between ASD and control subjects (p\ 0.01)
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between the proportion of trials in which subjects followed the cue

and cue reliability, as a function of the AQ (x-axis), in the two pooled

populations of control (black circles) and ASD (light-grey crosses)

subjects

Table 3 Correlations between AQ and the extent to which all pooled

subjects followed the cue

Conditions R p

Non-social environment: 80 % reliable cue – 0.09

Non-social environment: 60 % reliable cue – 0.30

Non-social environment: unstable cue reliability:

80 % reliable

-0.42 \0.05

Non-social environment: unstable cue reliability:

20 % reliable

– 0.13

Social environment: 80 % reliable cue -0.46 \0.05

Social environment: 60 % reliable cue – 0.98

Social environment: unstable cue reliability: 80 %

reliable

-0.44 \0.05

Social environment: unstable cue reliability: 20 %

reliable

0.39 \0.05
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unstable context. Our aim was to study their ability to

extract regularities from the environment, and to investi-

gate the potential influence of the social nature of the

environment on it. We found that both social environment

and unstable context made it difficult to integrate cues in

decision-making, and that the negative impact of an

unstable context on ASD subjects’ performances was dra-

matically higher than that of the social environment. Based

on the fact that the success criterion of the two groups did

not differ in the non-social environment and in the stable

context, it is unlikely that a difference between the two

groups in the performance IQ could explain the lower

performance of the ASD group in the social and in the

unstable context. Cue processing and the ability to use it as

a function of its reliability were especially impaired in an

environment presenting both social and unstable compo-

nents. We also found that ASD subjects had difficulty

taking cue reliability into account in their decision-making.

Characterization of the Difficulties Experienced

by People with ASD When Facing an Unstable Context

Although both ASD and control groups showed lower

performances in the unstable context, the percentage of

subjects succeeding in the task (i.e. achieving the success

criterion, defined as winning 60 % of trials) was dramati-

cally lower in the ASD group compared to the control one.

Moreover, the performance correlated negatively with AQ

in all the unstable conditions. Since AQ scores were sig-

nificantly different between the two groups, these results

suggest that ASD subjects experienced more difficulties in

an unstable context than neurotypical subjects. Further, a

significant positive correlation between AQ scores and

perseveration after a failure was only found in the unstable

context, suggesting that the unstable context enhanced

perseveration behavior in ASD subjects. Moreover, in the

unstable context, when the cue was mostly reliable, the

extent to which participants followed it negatively corre-

lated with the AQ, revealing an increased difficulty in ASD

subjects to appropriately use the cue in the unstable

context.

These results indicate that an unstable context impacts

ASD subjects’ performances in two ways: it enhances their

perseveration after a failure, and it makes it more difficult

for them to use the cue in an appropriate way (i.e.

according to its reliability). At the sensory level, it has been

shown that the processing of irregularities may be aberrant

in ASD (Gomot and Wicker 2012), but this is the first time

that this result has been shown at a cognitive level, in a task

requiring the integration of irregularities from the envi-

ronment in a decision-making process. This speaks in favor

of a core (non-social) deficit and calls for future studies that

would combine such clear behavioral effects with

neuroimaging and computational approaches to refine our

understanding of this underlying mechanisms and its

interaction with social contexts. This is in line with very

recent attempts to propose or revisit global theories of ASD

(Qian and Lipkin 2011; Pellicano and Burr 2012; Friston

et al. 2013).

An impaired ability to track the instability of the context

could explain the preserved performances in the stable

context and poorer performances in the unstable one. Using

a task similar to ours, Behrens et al. (2007), (2008) showed

that neurotypical subjects assess the context instability in

an optimal manner and adjust decision-making accord-

ingly. They also disclosed that this optimal estimation of

volatility was reflected in the fMRI signal in the anterior

cingulate cortex (ACC), a region which has been shown to

be dysfunctional in ASD subjects (Chiu et al. 2008;

Thakkar et al. 2008; Dichter et al. 2009; Agam et al. 2010).

Furthermore, the variations in the ACC signal across the

neurotypical population reported in Behrens’ studies pre-

dicted variations in subject ability to update the informa-

tion. We propose that the estimation of volatility involving

the ACC is impaired in ASD subjects. This could make it

difficult to update their previous knowledge in an unstable

context, leading to an inadaptive use of the context infor-

mation and consequently resistance to change.

An Interaction Between the Social Nature

of the Environment and Its Instability

The percentage of subjects succeeding in the task in a

social environment was significantly lower in the ASD

group than in the control group. We also found a strong

negative correlation between AQ and performance in all

social conditions, suggesting that the social nature of the

environment adds a supplementary difficulty for people

with ASD. Further, in the social environment, when the cue

was mostly reliable, the AQ was negatively correlated to

the extent to which the subjects followed it. The alteration

of the performance in the social environment could not be

explained by mere deficits in joint attention, as the actor’s

choice was expressed both by his gaze turning towards the

chosen box and by the lit box. These results indicate that

the social environment impacts ASD subjects’ perfor-

mances by making it more difficult for them to use the cue

in an appropriate way (i.e. according to its reliability).

Whereas some studies have not shown any behavioral

differences between ASD subjects and controls in terms of

orienting toward social stimuli (Greene et al. 2011; Pruett

et al. 2011), other studies have shown that subjects with

ASD fail to orient to social cues (Dawson et al. 1998;

Sasson et al. 2007; Klin et al. 2009). In our task, the

negative correlation between AQ and performance was

only found in the social conditions requiring the use of the
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cue, whereas it was not found in the social conditions

requiring the cue to be ignored. This indicates that despite

their difficulty in appropriately using a social cue, ASD

subjects were perfectly able to ignore an irrelevant social

cue. For ASD subjects, the easiest way of processing a

social cue was to ignore it. This argument is in favor of the

hypothesis of a global failure to orient to relevant social

stimuli.

We found that both social environment and unstable

context made it harder to integrate cues in decision-mak-

ing, and that the negative impact of an unstable context on

ASD performances was dramatically higher than that of the

social environment. When the environment was both social

and unstable, a correlation was found between the AQ and

the tendency to follow the non-reliable cue. This correla-

tion was not found in the non-social unstable condition,

suggesting an interaction between the social nature of the

environment and its instability: a social unstable environ-

ment seems more puzzling than a social stable environment

or than a non-social unstable environment. Cue processing

and the ability to use it as a function of its reliability seems

especially impaired in an environment presenting both

social and unstable components.

Difficulty Using the Cue as a Function of its Reliability

Independently of the negative impact of both social

environment and unstable context on the ASD subjects’

performances, we found that ASD subjects also had a

global difficulty modulating their decision as a function

of the reliability of the cue. This result is in line with the

study of Ames and Jarrold (2007), which showed that

children with ASD present difficulties in using arbitrary

cues, both social and non-social, to make inferences,

suggesting a cue inference deficit associated with ASD.

A similar suggestion was made by Leekam et al. (2000)

in a study investigating attention orienting in children

with ASD. Although individuals with ASD had no dif-

ficulties in orienting their attention in response to exog-

enous cueing (an object appears in the periphery), they

showed deficient endogenous cueing (a directional cue

appears in a central position). Individuals with ASD may

be able to orient their attention in response to simple,

low-level cues, but they may have difficulty in using

high-level cues, regardless of whether such cues are

social or not. These arguments have clear parallels with

the idea proposed by De Martino et al. (2008), that is

people with ASD present a global insensitivity to con-

textual frame. In this study, subjects performed a finan-

cial task in which the monetary prospects were presented

as either loss or gain. Whereas control subjects mani-

fested susceptibility to this framing effect, which was

reflected in an increased disposition to gamble in loss

compared with gain frames, ASD subjects made more

consistent choices and showed no differential skin con-

ductance response to the contextual manipulation, sug-

gesting a reduced behavioral susceptibility to a framing

effect in subjects with ASD.

However, we noted in our study that 7 out of the 14

ASD subjects appropriately modulated their decision as a

function of the reliability of the cue. This means that the

difficulties in processing a cue do not seem to affect all

ASD subjects. Nevertheless, this preserved ability did not

appear to be linked to the extent of autistic traits, since we

did not find any correlation between the extent to which the

subjects followed the cue indication and their AQ.

Conclusion

In conclusion, cue processing, together with the social

nature of the environment and its unpredictability, cause

difficulties for people with ASD. We showed here that

people with ASD present a global difficulty in accessing

underlying statistical rules (regularities), and that this

deficit is especially enhanced in a social environment. The

difficulties encountered by people with ASD in a social

environment may be caused by both impaired social pro-

cessing and by the unpredictability associated with the

social world.

Our results support Allman et al. (2005) theory, sug-

gesting that the social disabilities observed in ASD may be

linked to a deficit in the fast intuitive assessment of com-

plex situations. This calls for future studies that would

combine such clear behavioral effects with functional MRI

and computational approaches to investigate the ability of

people with ASD to build flexible predictions in a changing

context. This is in line with very recent attempts to propose

or revisit global theories of ASD (Qian and Lipkin 2011;

Pellicano and Burr 2012; Friston et al. 2013). However the

relatively small sample size in our study might be seen as a

limitation and similar tests on bigger sample size should be

made to confirm our results. This view could contribute to

building specific clinical and educational intervention

programs in order to provide ASD patients with specific

cognitive strategies to overcome prediction weaknesses.

We propose that therapy should focus on training people

with ASD to learn regularities in both social and non-social

domains.
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