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reasoning in autism spectrum disorders:
The impact of experience
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Abstract

This study aimed to investigate the relationship between explicit and implicit forms of Theory of Mind reasoning and
to test the influence of experience on implicit Theory of Mind reasoning in individuals with autism spectrum disorders
and in neurotypical adults. Results from two standard explicit Theory of Mind tasks are mixed: Individuals with autism
spectrum disorders did not differ from neurotypical adults in their performance in the Strange Stories Test, but scored
significantly lower on the Reading the Mind in the Eyes Test. Furthermore, in an implicit false-belief task, individuals with
autism spectrum disorders differed from neurotypical adults in false belief-congruent anticipatory looking. However,
this group difference disappeared by (1) providing participants with the outcome of a false belief-based action and (2)
subsequently repeating this test trial. Although the tendency to fixate the false belief-congruent location significantly
increased from the first to the second test trial in individuals with autism spectrum disorders, it differed in neither test
trial from chance. These findings support the notion of an implicit Theory of Mind deficit in autism spectrum disorders,
but give rise to the idea that anticipatory looking behaviors in autism spectrum disorders may be affected by experience.
Additionally, the pattern of results from implicit and explicit Theory of Mind measures supports the theory of two

independent Theory of Mind reasoning systems.
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Introduction

Theory of Mind (ToM), the ability to attribute mental
states to others and oneself, is suggested to work in two
ways (Apperly and Butterfill, 2009; Frith and Frith, 2008,
2012; Sodian, 2011): (1) An early developing implicit
form of ToM reasoning allows for correct action anticipa-
tion, based on the ability to take an agent’s mental state
(e.g. a false belief) into account, without deliberately
reflecting on this mental state. It acts fast, unconsciously
and inflexibly. Gaze measures, such as anticipatory look-
ing, have been employed as an implicit measure to assess
this form of ToM reasoning (e.g. Clements and Perner,
1994; Southgate et al., 2007). (2) Explicit ToM reasoning,
developing at around 4 years of age, allows for a deliberate
consideration (e.g. a judgment) of others’ mental states
(Wellman et al., 2001; cf. Perner and Roessler, 2012). This
type of ToM reasoning operates consciously, flexibly, and
is cognitively demanding. Explicit tasks, such as the false
belief task (Wimmer and Perner, 1983), are used to test this

form of ToM reasoning by directly asking for another’s
mental state.

Autism spectrum disorders (ASD) are characterized by
social-cognitive deficits (see Frith, 2012). Moreover, indi-
viduals with ASD show a discrepancy between performance
in implicit and explicit ToM tasks. Those of higher verbal
ability can pass explicit ToM tasks (Bowler, 1992; Happé,
1995), presumably due to compensatory strategies (Frith,
2012; Senju, 2012). In contrast, implicit measures, such as
anticipatory looking, indicate a persisting deficit in sponta-
neous, implicit ToM reasoning (Senju et al., 2009, 2010).
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Moreover, recent findings of studies employing gaze
measures indicate that the impairment in spontaneous
social cognition in individuals with ASD may be specific
to false beliefs: Whereas spontaneous action anticipation
based on another’s false belief seems to be impaired in
individuals with ASD (Senju et al., 2009, 2010), other
implicit forms of social cognition, such as spontaneous
agency perception and spontaneous visual perspective tak-
ing, may not be affected (Zwickel et al., 2011).

These findings raise the question of the pervasiveness
of the implicit ToM deficit in ASD. In this study, we inves-
tigated whether and to what extent learning can modulate
performance in implicit ToM tasks (cf. Senju, 2012)? The
aim of this study was twofold:

1. To provide further evidence for the discrepancy
between explicit and implicit ToM reasoning in
ASD, we compared performance in a false belief—
based anticipatory looking task (adapted from Senju
et al., 2009; cf. Southgate et al., 2007) with perfor-
mance in two standard ToM tasks: the Reading the
Mind in the Eyes (RME) Test (Baron-Cohen et al.,
2001), tapping the social-perceptual component of a
ToM (cf. Grossman and Tager-Flusberg, 2008;
Tager-Flusberg, 2007), and the Strange Stories Test
(SST, cf. Happé, 1994), tapping advanced, explicit
knowledge about mental states and social situations.
Investigating the relationship between these meas-
ures helps to better understand different facets of
ToM reasoning, their specific impairment in ASD,
and can inform recently proposed two-systems
accounts of ToM reasoning.

2. We further aimed at testing potential effects of
experience on anticipatory looking behavior,
assessed in an implicit ToM task. To this end, we
changed two aspects of the implicit ToM task, pre-
viously employed by Senju et al. (2009): First, in
contrast to Senju et al., we presented the false
belief-based action and its outcome to the partici-
pants, to provide them with information about the
contingency between the character’s knowledge
about prior events and her subsequent action.
Second, we repeated this test trial to check for
resulting changes in gaze behavior.

In the first test trial, consistent with previous findings
(Senju et al., 2009), we expected to find a lack of sponta-
neous false belief~based action anticipation in the ASD
group, compared to neurotypical (NT) adults. In the sec-
ond test trial, we expected a persistent lack of spontaneous
false belief-congruent action anticipation if individuals
with ASD cannot learn perception—action contingencies
(e.g. the agent will search where she last saw the object)
even when presented with action outcomes. Note, how-
ever, that such learning can occur in a specific task based

on behavioral cues, without an awareness of the content of
the agent’s belief. If individuals with ASD are able to learn
situation-specific cues that are relevant to belief-based
action prediction, then gaze patterns should be affected by
the repeated presentation.

We were further interested in which factors might drive a
potential modulation of task performance. Therefore, we
analyzed the attentiveness to social stimuli (the character’s
face) in both test trials. Prior research reported comparable
attention to social stimuli in individuals with and without
ASD (Fletcher-Watson et al., 2009; Rutherford and Towns,
2008). It could be that in the ASD group, any change in gaze
behavior between the trials might be attributable to increased
attention toward the character’s face in the second com-
pared to the first test trial. Additionally, we correlated inter-
individual variability in performance on the implicit ToM
task with measures of verbal and nonverbal 1Q, autistic
traits, and performance on explicit ToM tasks. As especially
individuals with high-functioning autism or Asperger’s syn-
drome show compensatory learning in explicit ToM tasks
(Bowler, 1992; Happé, 1995; cf. Scheeren et al., 2013), per-
formance on these measures might be associated also with
changes in gaze behavior between the first and second trial
in the current implicit ToM task.

Methods

Participants

A total of 18 adults with ASD (mean age = 24.1 years, SD
= 7.0 years; six females) took part in this study. They had
been diagnosed by a qualified clinical psychologist or psy-
chiatrist and met International Classification of Diseases—
10th Revision (ICD)-10 criteria for high-functioning
autism (n = 3), Asperger’s syndrome (n = 13), or atypical
autism (n = 2). To support group assignment, all partici-
pants completed the German short version of the Autism-
Spectrum Quotient (AQ-k; cut-off criterion: score > 17,
Freitag et al., 2007; adapted from Baron-Cohen et al.,
2001), a brief self-assessment questionnaire examining
autistic traits. Within the ASD group, the average AQ-k
score was 18.8 (SD = 8.1). Eleven additional participants
with ASD had to be excluded from the data analysis due to
missing data in the critical test trials of the eye tracking
task (n = "7) or not fulfilling inclusion criteria for familiari-
zation trials in the eye tracking task (n = 4; for a detailed
description, see section “Procedure and apparatus”).

The control group of 19 NT adults (mean age = 25.3
years, SD = 3.8 years; six females) was matched by
chronological age, verbal, and nonverbal intelligence
(Table 1). The AQ-k was administered to support control
group assignment. The average AQ-k score in the NT
group was 6.0 (SD = 2.8). Seven additional participants
from the control group also had to be excluded due to
missing data in the critical test trials of the eye tracking
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Table I. Mean test scores for each group and t-test results for group comparisons.

ASD? NT= Group difference

M SD M SD p value Effect size
Chronological age 24.1 7.0 253 38 t(35) = -0.69 p =0.496 Cohen’s d = -0.21
AQ-k 18.8 8.1 6.0 28 t(35) = 6.50 p <0.001 Cohen’sd = 2.11
Verbal IQ (MWT-B®) 104.3 18.0 102.5 1.9 t(35) = 0.35 p=0.728 Cohen’s d = 0.12
Nonverbal IQ (CFT-20-R¢) 91.4 21.7 98.3 18.3 t(35) = -1.04 p =0.304 Cohen’s d = —0.34
RME 19.8 5.9 25.5 32 t(33) = -3.54 p=0.001 Cohen’s d = —1.20
SST—mentald 68.8 16.3 729 .1 F(1,32)=0.19 p = 0.667 nf, =0.006
SST—control? 84.6 20.5 86.2 16.6

ASD: autism spectrum disorder group; NT: neurotypical group; M: mean; SD: standard deviation; AQ-k: Autism-Spectrum Quotient; RME: Reading

the Mind in the Eyes Test; SST: Strange Stories Test.

Mental: mental condition; control: control condition; significant p values are highlighted in bold.

2Results are reported for 18 participants with ASD and |9 NT controls. Due to a technical problem, data from one participant with ASD are missing
for the SST. Reported results in the SST thus refer to a sample size of 17 participants with ASD. Additionally, two participants from the NT group
refused to take part in the RME test, thus results are reported for 17 NT controls.

®Mehrfachwahl-Wortschatz-Intelligenztest (German multiple choice vocabulary test).

Culture-Fair Test 20-R.
dScore: percentage of correct justifications.

task (n = 5), not fulfilling inclusion criteria for familiari-
zation trials in the eye tracking task (n = 2). A German
multiple choice vocabulary test (Mehrfachwahl-
Wortschatz-Intelligenztest (MWT-B); Lehrl, 2005) was
employed to assess verbal IQ. The Culture-Fair Test 20-R
(CFT-20-R; Weil3, 2006) was used as a measure of non-
verbal IQ in terms of general mental capacity. Informed
written consent was obtained before testing. The local
ethics committee approved the study.

Tasks

RME Test. Participants completed a German paper and
pencil version (Bdlte, 2005) of the revised RME Test for
adults by Baron-Cohen et al. (2001). It consisted of 36 pic-
tures showing the eye region of a face, each expressing a
distinguishable mental state. Every picture was accompa-
nied by four words, describing mental states. The most
suitable description of what the person is thinking or feel-
ing had to be chosen. The performance score equals the
number of correctly chosen mental state terms. The task
was conducted without speed limit. Individuals with ASD
show weaker performance on this test compared to NT
controls (e.g. Baron-Cohen et al., 2001).

SST. This task comprised nine stories adapted from the
original SST (Fletcher et al., 1995; Happé, 1994) and a
modified German version (Vogeley et al., 2001). The men-
tal condition consisted of five stories that described situa-
tions in which the protagonists’ behavior can be explained
by referring to their mental states. The stories contained a
double bluff, a white lie, deception, misunderstanding (cf.
Happé, 1994), and emotions (cf. Vogeley et al., 2001). They
were presented verbally and in text form. Participants were

asked to justify the story protagonists’ behavior in terms of
their non-uttered mental states. In the control condition,
four stories required inferences on causal physical relations
(cf. Fletcher et al., 1995). All stories were controlled for
number of words and semantic and syntactic complexity.
Performance differences of individuals with ASD com-
pared to NT controls were previously reported in the men-
tal condition but not in the control condition (Jolliffe and
Baron-Cohen, 1999; Kaland et al., 2005).

Implicit false belief task (false belief-based anticipatory looking
task). This eye tracking version of the false belief task (cf.
Southgate et al., 2007; Thoermer et al., 2012) was designed
to tap false belief-based anticipatory looking (see Figure
1). The task consisted of four animated video clips: two
familiarization trials (each lasting for 32 s) and two test
trials (each lasting for 41 s). The laterality of events was
counterbalanced. The familiarization trials depicted a
character who watched a toy car moving self-propelled
from one box to another. After that, the character disap-
peared behind a screen and two doors on this screen, each
above one of the two boxes, were illuminated, accompa-
nied by a chime. The last frame of this sequence was fro-
zen for 3 s and served as anticipatory period to record eye
movements. Subsequently, the door above the box in
which the character had seen the car disappear opened and
the character reached through it to retrieve the car. The
familiarization trials demonstrated that the character’s
goal was to get the car by opening one of the two doors and
that this action was preceded by the illumination of the
doors and the chime.

The crucial difference between the test trials and the
familiarization was that in the test trials a phone ring dis-
tracted the character. She did not witness the following
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(a) Familiarization

anticipatory period

Figure I. Implicit false belief task: still frames from (a) one familiarization trial and (b) one test trial. The bordered picture was
displayed for 3 s and served as anticipatory period for recording of gaze data. The test trial ended with the presentation of the false

belief-based action.

events: After arriving at the second box, the car went back
into the first box, continued driving through it, and left the
scene. By letting the car leave the scene, we aimed to avoid
a possible “curse of knowledge” (Birch and Bloom, 2004).
Subsequently, as in the familiarization, the character dis-
appeared behind the screen, the doors were illuminated,
the chime sounded, and the scene was frozen for 3 s to
record fixation data. After that, the animation ended with
the presentation of the false belief-based action and its
outcome: the character opened the box, in which she
believed the car was located, without finding it.

Procedure and apparatus

Participants attended the implicit false belief task first, fol-
lowed by the RME Test, the SST, and the control measures
(AQ-k, MWT-B, and CFT-20-R). For the assessment of
eye movements, a Tobii T60 eye tracker (60 Hz sampling
rate; Tobii Technology, Stockholm, Sweden) with an inte-
grated 17-inch thin-film transistor (TFT) monitor (1280 x
1024 pixel) was used. Stimuli were presented with Tobii
Studio 2.2 software (Tobii Technology). Participants were
seated on a chair with a distance of approximately 60 cm
away from the screen. A 5-point calibration procedure pre-
ceded the stimulus presentation.

Data analysis

SST. Participants’ answers to each story were audiotaped
and transcribed. The given justifications were scored fol-
lowing prior described procedures (Happé, 1994; Kaland
et al., 2005). In the mental condition, appropriate answers
referred to the mental states of the protagonists. In the con-
trol condition, justifications that referred to, for example,
physical events and outcomes were considered as correct.
Answers could be scored as fully correct (2 points), par-
tially correct (1 point), or incorrect (0 points). For each

condition, a total score for response accuracy (percentage
of correct justifications) was assessed. A second rater
independently judged a subset (35%) of randomly chosen
answers (ASD: n = 6; NT: n = 6). Strong agreement was
reached between the two raters (unadjusted intraclass cor-
relation coefficients for the two conditions: SST-control =
0.93, SST-mental = 0.96).

Implicit false belief task. Participant’s eye movements were
recorded with Tobii Studio 2.2 software. Further analysis
of raw data was conducted using customized scripts. Fixa-
tions were defined by a velocity-based fixation filter (Sal-
vucci and Goldberg, 2000) with a velocity threshold of
0.05°/ms. An additional temporal threshold was set to
exclude fixations that lasted less than 80 ms.

Fixations on the doors during the 3-s anticipatory
period were of particular interest, and so, the two doors
served as areas of interest (AOIs; approximately 2.8° x
2.8° in width and height) for data analysis. The door the
character opened after the anticipatory period is referred
to as “correct door,” whereas the other door is defined as
“incorrect door.” A differential looking score (DLS) as
described by Senju et al. (2009) was calculated. The total
duration of fixations on the incorrect door was subtracted
from the total duration of fixations on the correct door,
divided by the sum of the total duration of fixations on the
correct and incorrect door. The DLS ranges from 1 (fixat-
ing the correct door most of the time) to —1 (fixating the
incorrect door most of the time). A value around 0 indi-
cates no preference for one of the two doors. Only partici-
pants who looked longer to the correct door than to the
incorrect door in at least one of the two familiarization
trials were included in the further analysis. Four individu-
als with ASD and two NT controls did not show this
belief-congruent anticipatory looking behavior and were
excluded. We further analyzed first looks in the anticipa-
tory period. We coded whether the first saccade after the
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illumination of the doors was directed toward the correct
or incorrect door.

To check whether any change in looking behavior of
the ASD group between the test trials would be related to
verbal and nonverbal IQ, autistic traits, or to perfor-
mance in explicit ToM tasks, we calculated a difference
score (DLS in the second test trial minus DLS in the first
test trial; first look in the second test trial minus first
look in the first test trial) and correlated it with verbal
and nonverbal 1Q, as well as with performance on the
AQ-k, SST, and RME Test. To further explore the atten-
tiveness to social stimuli in the ASD and the NT group in
the scene prior to the critical test period, we analyzed
total fixation durations within an AOI that covered the
character’s face.

Results

All statistical analyses were conducted using IBM SPSS
Statistics 20 (SPSS Inc., Chicago, IL, USA). The ASD
and NT group did not differ in chronological age (#(35) =
—0.69, p = 0.496, Cohen’s d = —0.21), verbal 1Q (#(35) =
0.35, p=0.728, Cohen’s d = 0.12), or nonverbal 1Q (#(35)
= —1.04, p = 0.304, Cohen’s d = —0.34). AQ-k mean
scores differed significantly between groups (#(35) =
6.50, p < 0.001, Cohen’s d = 2.11), scores of the ASD
group were significantly higher than that in the NT group
(see Table 1).

Standard ToM tests

Two participants from the NT group refused to take part in
the RME Test, thus results are reported for 17 NT con-
trols. Additionally, due to a technical problem, the audio
recording from one participant with ASD was missing in
the SST. Reported results in this task thus refer to a sam-
ple size of 17 in the ASD group. Although these partici-
pants’ data were missing, the two groups remained
matched for the control measures. The NT group’s aver-
age score on the RME Test was 25.5 (SD = 3.2). With a
mean score of 19.8 (SD = 5.9), the ASD group showed
significantly weaker performance in this test (#33) =
—3.54, p = 0.001, Cohen’s d = —1.20). The SST scores
represent percentage of correct justifications. An analysis
of variance (ANOVA) with the factors group (ASD vs
NT) and condition (mental vs control) showed a signifi-
cant effect of condition, F(1, 32) = 18.85, p < 0.001,
n; =0.38. Accuracy rates for justifications given in the
mental condition (M = 70.8, SD = 14.0) were lower than
those given in the control condition (M = 84.6, SD =
18.5). The ASD group (M = 76.7, SD = 16.5) and the NT
group (M = 78.8, SD = 10.5) did not differ in their perfor-
mance on the SST, F(1,32)=0.19, p = 0.667, ni, =0.006.
Also no significant interaction between group and condi-
tion was observed, F(1,32)=10.43, p=0.518, nf, =0.01.
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Figure 2. Mean differential looking scores (DLS; £SEM)
from the autism spectrum disorders (ASD) group and the
neurotypical (NT) control group in the implicit false belief
task. Whereas in the first test trial, the ASD group showed
a significantly reduced looking bias toward the false belief-
congruent location compared to the NT group, this difference
disappeared in the presentation of a second test trial. In the
ASD group, the tendency to fixate the false belief—~congruent
location increased significantly, however, without leading to
above chance performance in the second test trial. Symbols
indicate significance level.

SEM: standard error of the mean.
*p < 0.05.

Implicit false belief task

In preliminary analyses, no effects of participant’s sex or
laterality of events (car starting either from left or right of
the scene) were found, so these factors were disregarded in
the following analyses.

DLS. DLS was analyzed using a 2 x 2 repeated-measures
ANOVA. Mean scores are shown in Figure 2. The between-
participants variable was group (ASD vs NT), and the
within participant variable was test trial (first vs second).
The ANOVA revealed a significant main effect for group,
F(1, 35) = 7.69, p = 0.009, nf) =0.18. The NT group
showed a greater looking bias toward the false belief—con-
gruent location (M = 0.52, SD = 0.62) than the ASD group
(M =-0.004, SD = 0.53). No effect of test trial, F(1, 35)=
0.81,p=0.373, nfj =0.02, was observed. The interaction
between group and test trial was significant, F(1, 35) =
5.90, p =0.020, nf, =0.14 . Follow-up t-tests revealed that
in the first test trial, the NT group fixated significantly
longer the correct location than the ASD group (NT: mean
=0.63, SD = 0.53; ASD: mean = —0.24, SD = 0.74), #35)
=—4.16, p < 0.001, Cohen’s d = —1.35. Whereas the NT
group showed a significant looking bias toward the correct
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location (#(18) = 5.26, p < 0.001, Cohen’s d = 1.21), the
DLS revealed no preference for either location in the ASD
group (#(17) =—1.39, p = 0.182, Cohen’s d = —0.33). This
pattern of results changed in the second test trial: the NT
group and the ASD group did not differ in their looking
bias toward the correct location (NT: mean = 0.41, SD =
0.81; ASD: mean = 0.24, SD = 0.79), #(35) = —0.67, p =
0.506, Cohen’s d = —0.21. The NT group looked signifi-
cantly longer to the correct location (#(18) = 2.21, p =
0.041, Cohen’s d = 0.51). The DLS in the ASD group did
not differ from zero (#(17) = 1.28, p = 0.219, Cohen’s d =
0.30). Based on our a priori hypothesis that a looking bias
toward the false belief—congruent location of participants
with ASD might be affected by the repeated presentation
of the test trial, we performed a one-tailed follow-up #-test
within the ASD group between the DLS in the first and the
second trial. A significant increase in looking toward the
correct location from the first to the second trial was
observed, #(17) =—1.85, p =0.041, Cohen’s d = —0.63.

First look. In the first test trial, 14 out of 19 participants of
the NT group directed their first saccade toward the correct
location (marginally significantly above chance, p = 0.064,
binomial test). In the ASD group, only 6 out of 18 partici-
pants made their first fixation on the correct location,
which did not differ from chance (p = 0.238, binomial
test). The NT and ASD group significantly differed in the
direction of the first look in the first test trial (p = 0.022,
Fisher’s exact test, two-tailed). This changed in the second
test trial: 11 out of 19 NT adults focused their first look at
the correct location (no difference from chance, p = 0.648,
binomial test). In the ASD group, now 8 out of 18 indi-
viduals directed their first saccade toward the correct loca-
tion, which still did not differ from chance (p = 0.82,
binomial test). This change in directions of first looks led
to an absence of a group difference in the second test trial,
p = 0.517, Fisher’s exact test, two-tailed. Comparison of
first looks between the first and second trial showed no
significant performance difference for the ASD group (p =
0.377, McNemar’s Test, one-tailed). Figure 3 displays the
ratio of correct first look for each group and test trial.

Fixation duration on character’s face. A 2 (group: ASD vs
NT) x 2 (test trial: first vs second) repeated-measures
ANOVA of the total duration of fixations on the charac-
ter’s face prior to the anticipatory period revealed a signifi-
cant main effect for group, F(1, 35) = 4.96, p = 0.032,
ni =0.12. Overall, the NT group looked longer to the
character’s face in the prior scene (M = 11.4, SD = 3.0)
than the ASD group (M = 8.6, SD = 3.8). Neither a signifi-
cant main effect for test trial, F(1, 35) = 0.03, p = 0.861,
ni =0.00, nor a significant interaction between group and
test trial, F(1, 35) = 0.21, p = 0.647, n; =0.01, was
observed. Because of the specific hypothesis that a change
in attentiveness to the protagonist’s face could explain

[C]AsD
- D

ratio of correct first look

second test trial

first test trial

Figure 3. Ratio of correct first looks of individuals with
autism spectrum disorders (ASD) and of neurotypical controls
(NT). In the first test trial, a significant group difference was
observed, which disappeared in the repeated presentation of
this trial. Symbols indicate significance level.

*p < 0.05.

different anticipatory looking patterns between the first
and the second test trial, we performed follow-up #-tests,
which revealed no significant difference of fixations on the
protagonist’s face between the first and second test trial,
neither in the ASD group, #17) = 0.45, p = 0.659, Cohen’s
d = 0.11, nor in the NT group, #18) = —0.20, p = 0.841,
Cohen’s d = —0.06.

Analysis of within-group variability. No significant correla-
tions between change of the DLS or first looks between
the first and second test trial and verbal IQ, nonverbal 1Q,
performance in the AQ-k, SST, or RME Test were found
in the ASD group (all rs = (—0.335; 0.227), p > 0.19). To
assess the relationship among performance on implicit
and explicit ToM tasks, as well as the other control meas-
ures, we correlated the DLS and first looks of the first test
trial (as a measure of implicit ToM reasoning) with per-
formance on verbal 1Q, nonverbal 1Q, performance in the
AQ-k, the SST, and the RME Test, separated for each
group. No significant correlations between the DLS in
the first test trial and the above listed measures were
observed either in the ASD group (all »s = (0.007; 0.330),
p = 0.18), or the NT group (all s = (—0.290; 0.352), p >
0.14). In the ASD group, no significant point-biserial cor-
relations among first looks toward the false belief—con-
gruent location in the first test trial and the verbal and
nonverbal 1Q, AQ-k, the SST, and the RME Test were
found (all r,,s = (=0.015; 0.390), p > 0.11). For the NT
group, the point-biserial correlations among false belief—
congruent first looks and the RME Test were significant,
r, = 0.537, p = 0.03. Furthermore, the point-biserial
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correlations among false belief—congruent first looks and
the AQ-k score were significant, r,, = 0.491, p = 0.03.
Due to the small variance of the AQ-k score in NT sam-
ples, we refrain from an interpretation of this finding. All
other point-biserial correlations were not significant, r,,s
=(—-0.357; -0.279), p 2 0.13.

Discussion

The performance of individuals with ASD and NT adults
in the current set of implicit and explicit measures of
ToM reasoning showed that individuals with ASD lack a
spontaneous sensitivity to another’s false belief in an
implicit ToM task. This replicates findings from Senju
et al. (2009) by using a different paradigm. However,
anticipatory looking no longer differed from NT adults in
the single repetition of the test trial, giving rise to the idea
that individuals with ASD might be able modify their
performance in an implicit ToM task based on experi-
ence. Furthermore, individuals with ASD exhibited equal
performance in the SST, but weaker performance in the
RME Test. This pattern of results supports the notion of
two ToM reasoning systems: an explicit system to ver-
bally explain behavior based on mental states, and an
implicit system for spontaneous sensitivity to other’s
mental states.

Does experience affect performance in the
implicit false belief task?

In the first test trial of the present implicit ToM task, gaze
data revealed a lack of spontaneous false belief-based
action anticipation in individuals with ASD. Whereas gaze
patterns of NT adults indicated an anticipation of the false
belief—based behavior of the story’s protagonist, individu-
als with ASD did not show a looking bias toward this false
belief-congruent location. Furthermore, the groups dif-
fered significantly in their looking bias.

However, in the repeated presentation of the test trial,
individuals with ASD no longer differed from NT adults in
their looking bias toward the false belief-congruent loca-
tion. Furthermore, although within the ASD group the
looking bias did not increase above chance level, the ten-
dency to fixate the false belief—congruent location
increased significantly from the first to the second test
trial. Showing the false belief-based action and its out-
come (failure in finding the car) and presenting the test
trial one more time were sufficient to alternate the pattern
of results observed in the first test trial and reported in the
study by Senju et al. (2009). Based on the finding that no
group difference between participants with ASD and con-
trols was observed in the second trial, we argue that expe-
rience may modulate anticipatory looking of participants
with ASD in an implicit ToM task. The increased tendency
to fixate the false belief—congruent location in the second

test trial (although not resulting in above chance level per-
formance) also points in that direction.

Intriguingly, a recent elegant study by Schneider et al.
(2013), which addressed learning processes in a similar
implicit ToM task, reported apparently contradictory
results: Just like in the current study, Schneider et al.
employed an adaptation of Senju et al.’s (2009) task to test
the effect of the repeated presentation of test trials on
belief-congruent anticipatory looking in individuals with
and without ASD. Individuals with ASD showed no look-
ing bias toward the location, where an actress falsely
believed an object would be located, and in contrast to the
current study, gaze behavior was not affected by the
repeated presentation of the test trials, indicated by a last-
ing group effect between participants with ASD and NT
controls over several trials. This led the authors to con-
clude that individuals with ASD have a sustained deficit of
implicit ToM reasoning and do not show spontaneous
learning in implicit ToM tasks. However, Schneider et al.’s
(as well as Senju et al.’s) implicit ToM task differs in one
crucial aspect from the current paradigm: The participants
were not presented with a belief-corresponding action of
the protagonist and its outcome. It is possible that not pro-
viding perception—action contingencies, that is, the false
belief-based searching for the object in the empty box,
prevented a modulation of gaze behavior in individuals
with ASD. The results of the current study suggest that the
single observation of the false belief-based action (he
opens the box where he falsely believes the object is
located) and its outcome (he does not find the object in
there) might be a source for experience-based modulation
of belief-congruent anticipatory looking.

In the current study, no relationship between interindi-
vidual differences within the ASD group in looking behav-
ior and IQ, autistic traits, or performance in the standard
ToM tasks was found. Furthermore, we checked whether
increased selective attention to social stimuli, in particular
to the character’s face, prior to the anticipatory phase in
the second trial, might explain the pattern of results of the
two test trials in the ASD group. This was not the case:
attentiveness to the protagonist’s face did not change
between test trials. Thus, increased consideration of social
stimuli as a compensatory mechanism cannot explain the
current results. We propose that individuals with ASD
might benefit from experience in the current implicit ToM
task, but not specifically by increased attention to social
stimuli.

The nature of such an adaptive mechanism remains to
be investigated. Ruffman et al. (2001) suggested that eye
gaze in an implicit ToM task indicates spontaneous core
insights into social behavior. Alternatively, it can be
argued that the present results indicate general behavioral
learning, rather than reflecting spontaneous processes,
specifically dedicated to social understanding. The
observed outcome in the first test trial (actor opens false
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belief—congruent door) could have caused learning from
effect. Knowledge about the order of events in the first
test trial might result in improved anticipation of the false
belief—congruent action in the second test trial, however,
without the need to actually consider the actor’s belief.
Note, however, that in order to learn from the sequence of
events presented in the present task, participants had to
minimally form an association between the agent’s look-
ing behavior and subsequent action. Individuals with ASD
might be sensitive to behavioral cues that are relevant for
action prediction.

It is important to note that although the looking bias
toward the false belief—congruent location, assessed by
means of the DLS, increased from the first to the second
test trial in the ASD group, the DLS differed in neither test
trial from chance. Thus, it cannot be concluded that experi-
ence has led to a false belief—congruent anticipatory look-
ing bias (which would have required above chance task
performance in the second test trial). The same holds also
for the first looks, which differed in neither test trial from
chance in the ASD group. Thus, at this point, it can only be
speculated that the observed pattern of results show that
anticipatory looking might be affected by experience.

To what extent deficits in spontaneous ToM reasoning
can be modified by experience needs further research. In a
future study, multiple trials showing false and true belief—
based actions and their outcomes could be presented. This
would make it possible to test if and when experience with
this type of implicit ToM task is sufficient to elicit belief-
congruent anticipatory looking. Such findings would be
crucial to better understand if and how individuals with
ASD can make use of experience to compensate deficits in
implicit ToM reasoning. Such compensatory strategies are
well known in explicit ToM (e.g. Bowler, 1992; Happé,
1995), but we currently lack profound evidence for com-
pensatory learning in implicit ToM reasoning tasks.

The current findings may also help to explain appar-
ently discrepant findings from eye tracking studies of
spontaneous social cognition. While Senju et al. (2009)
report a lack of spontaneous ToM reasoning, Zwickel et al.
(2011) found no differences in spontaneous agency per-
ception and spontaneous visual perspective taking.
Notably, the two studies diverge in the time interval on
which eye movement data analysis was based. While
Senju et al. coded fixations from a 6-s-period in one test
trial, Zwickel et al. extracted fixation data from 18-s-long
video clips. Furthermore, Fletcher-Watson et al. (2009)
reported deviant eye movement patterns of individuals
with ASD only in the first fixations of their trials. The criti-
cal test phase of the current implicit ToM task lasted for 3
s. In this short time interval, individuals with ASD revealed
deviant gaze patterns compared to controls. However, in
the subsequent repetition of this test trial, this difference
vanished. Together with prior findings, this suggests that
differences in eye movements between individuals with

ASD and NT individuals are primarily apparent in very
early fixations, which rely on spontaneous and fast
processes.

Relationship between implicit and explicit ToM
reasoning

In line with prior findings by Senju et al. (2009), no perfor-
mance differences between individuals with ASD and NT
controls were observed in the SST. Individuals with ASD
were as good as the NT adults in providing behavior justifi-
cations, which required descriptions of other’s mental states.
In contrast to performance in this explicit ToM task, as in
Senju et al.’s study, the ASD group performed weaker than
the NT controls in the first test trial of the implicit ToM task,
which supports notions of two distinct ToM reasoning sys-
tems, an explicit and an implicit one. The changed pattern of
results in the second test trial of the implicit ToM task might
indicate the use of explicit knowledge about the relation
between an agent’s access to information, mental state, and
action, to guide action expectations in the repeated presenta-
tion of the present implicit ToM task.

Interestingly, also the RME Test revealed a group dif-
ference. It may be that the implicit ToM task and the RME
Test tap common ToM reasoning competencies. Whereas
the former assesses spontancous sensitivity to a goal-
directed action based on mental states, the latter requires
decoding of mental states from facial expressions.
Although the RME Test asks explicitly to name these men-
tal states, the mere presentation of the eye region of faces
may trigger fast and automatic spontaneous reasoning
about the person’s mental state. The spontaneous apprecia-
tion of mental states seems to be affected in ASD, indepen-
dently of general cognitive functioning, and independently
of advanced, explicit ToM reasoning. The finding that
implicit ToM task performance (first looks in the first test
trial) correlated with the RME Test performance in the NT
group, but not in the ASD group, supports this notion:
intact ToM reasoning (including both an intact implicit and
explicit subcomponent) might underlie successful task
performance of NT adults. However, individuals with
ASD might adapt their performance task-specifically,
resulting in task-specific compensatory strategies that vary
in their effectiveness.

The results of this study support the notion of implicit
and explicit ToM processing systems which are at least
partly independent: Advanced explicit, verbal reasoning
about others’ mental states is possible in individuals with
marked impairments in processing systems that are rele-
vant for a fast and spontaneous appreciation of others’
mental states, the processing of emotional faces, and the
processing of goal-directed actions based on an agent’s
false belief. Future research has to address the precise
characterization of implicit and explicit forms of social
cognition (cf. Frith and Frith, 2012).
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