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Abstract
Previous research suggests that Autism Spectrum Disorder (ASD) might be associated with impairments on implicit but not 
explicit mentalizing tasks. However, such comparisons are made difficult by the heterogeneity of stimuli and the techniques 
used to measure mentalizing capabilities. We tested the abilities of 34 individuals (17 with ASD) to derive intentions from 
others’ actions during both explicit and implicit tasks and tracked their eye-movements. Adults with ASD displayed explicit 
but not implicit mentalizing deficits. Adults with ASD displayed typical fixation patterns during both implicit and explicit 
tasks. These results illustrate an explicit mentalizing deficit in adults with ASD, which cannot be attributed to differences 
in fixation patterns.
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Introduction

Autism Spectrum Disorder (ASD) is the term used in the 
most recent edition of the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-V) to describe a range of 
neurodevelopmental disorders, classified according to core 
deficits in social communication and interaction as well as 
restricted and repetitive interests (American Psychiatric 
Association 2013). One of the social communication diffi-
culties associated with ASD is difficulty inferring the inter-
nal states of others including their intentions, mental states 
and beliefs (Baron-Cohen et al. 1997; Chung et al. 2014; 
Frith 2001; Holt et al. 2014a, b; Jolliffe and Baron-Cohen 
1999a, b), collectively referred to as mentalizing deficits. 
Mentalizing deficits are so strongly associated with ASD 
that mentalizing abilities are even assessed in diagnostic 
and screening tools such as the Autism Diagnostic Obser-
vation Schedule (ADOS-2) and the Autism Quotient (AQ) 

scale (Baron-Cohen et al. 2001; Lord et al. 2000). Due to the 
spectral nature of ASD, individuals without a diagnosis also 
display varying degrees of autistic traits. Individuals with 
relatively high but not clinically significant levels of autis-
tic traits have been shown to display subtler versions of the 
behavioural and neurological characteristics associated with 
ASD (Best et al. 2015; Di Martino et al. 2009; Lindell et al. 
2009; Ridley et al. 2011; van Boxtel and Lu 2013) including 
mentalizing deficits (Baron-Cohen et al. 2001; Chung et al. 
2014; Happé 1994; Kana et al. 2014; Moran et al. 2011).

Despite the strong association between ASD and mental-
izing deficits, experimental evidence regarding the nature 
of these deficits is inconsistent, with some studies finding 
that adults with ASD are impaired at inferring intentions, 
emotions and mental states of others (Baron-Cohen et al. 
2001; Castelli et al. 2002; Happé 1994; Kana et al. 2014; 
Moran et al. 2011; Senju et al. 2009) and others reporting 
adults with ASD (Kana et al. 2009; Kirkovski et al. 2015; 
Ponnet et al. 2004; Roeyers et al. 2001; Spek et al. 2010) and 
high levels of autistic traits (Nijhof et al. 2016) show typical 
performances on mentalizing tasks. A number of factors may 
have contributed to these inconsistent findings, including 
whether task instructions explicitly stated that participants 
should mentalize, the stimuli used, the type of mentaliz-
ing assessed and the method used to measure mentalizing 
abilities.
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The majority of previous studies have explicitly asked 
participants to make inferences about the internal states of 
others (e.g. Baron-Cohen et al. 2001; Gallagher et al. 2000; 
Happé 1994; Holt et al. 2014a, b; Jolliffe and Baron-Cohen 
1999a, b; Kana et al. 2009, 2014; McAleer et al. 2011; Roey-
ers et al. 2001). Only a small number of studies have exam-
ined the capabilities of adults with ASD to infer the internal 
states of others when not specifically told to do so; this is 
known as ‘implicit mentalizing’. The existing adult litera-
ture shows consistent implicit mentalizing deficits associated 
with ASD (Castelli et al. 2002; Rosenblau et al. 2015; Schu-
werk et al. 2014; Senju et al. 2009) but the explicit mental-
izing data are inconsistent (Baron-Cohen et al. 1997; Castelli 
et al. 2002; Kana et al. 2009; Kirkovski et al. 2015; Ponnet 
et al. 2004). It may be that the instructions given concerning 
which elements should be attended to during explicit tasks, 
allow some high functioning adults with ASD to perform at 
a typical level, which they would be unable to do without 
the explicit instructions.

The apparent existence of a consistent implicit mentaliz-
ing deficit but lack of a consistent explicit mentalizing defi-
cit in adults with ASD in the existing literature may, how-
ever, be attributable to other confounding factors, including 
stimuli differences. Most studies that have reported implicit 
mentalizing deficits in adults with ASD have used movie 
stimuli (e.g. Rosenblau et al. 2015; Schuwerk et al. 2014; 
Senju et al. 2009), which were more complex and natural-
istic than stimuli used in the majority of explicit tasks. The 
stimuli used in the majority of explicit mentalizing tasks 
were passages of text, still images or cartoon strips which 
provide very simplistic representations of social interactions 
and a number of these studies found no mentalizing deficits 
in adults with ASD (e.g. Kana et al. 2009; Kirkovski et al. 
2015; Ponnet et al. 2004; Roeyers et al. 2001; Spek et al. 
2010). In support of this argument, two previous studies 
(Ponnet et al. 2004; Roeyers et al. 2001) investigated the 
abilities of adults with Pervasive Development Disorders 
(PDD; including ASD) to explicitly infer the mental states 
of others using both simple stimuli (images of people’s eyes 
and short passages of text) and naturalistic videos of social 
interactions. The adults with PDD were not impaired on the 
explicit mentalizing tasks that used the simple stimuli but 
did show impairments with the more complex naturalistic 
stimuli (Ponnet et al. 2004; Roeyers et al. 2001). Addi-
tionally, the only previous study that has investigated both 
implicit and explicit mentalizing abilities using complex, 
naturalistic stimuli found that adults with ASD displayed 
equivalent impairments on both implicit and explicit tasks 
(Rosenblau et al. 2015).

Differences in the way mentalizing performances have 
been measured may have also contributed to existence of 
consistent implicit mentalizing deficits but inconsistent 
data regarding explicit mentalizing abilities in the previous 

adult literature. Some studies have measured implicit men-
talizing abilities using eye-tracking data alone (Schuwerk 
et al. 2014; Senju et al. 2009). In these studies, participants 
watched animations in which a character wrongly believed 
an object was in a certain location. Adults with ASD spent 
shorter periods fixating on the place in which the character 
wrongly believed the object was located. This was inter-
preted as impaired implicit mentalizing. However, a number 
of studies have reported that adults with ASD have unusual 
patterns of eye gaze when processing social stimuli (Klie-
mann et al. 2010; Pelphrey et al. 2002) and unusual fixation 
patterns have been found during face processing tasks in the 
absence of behavioural differences (Rutherford and Towns 
2008; Spezio et al. 2007). Therefore, adults with ASD may 
be able to deduce the internal states of others despite atypi-
cal eye movements. In contrast, explicit mentalizing studies 
have always used measurable behavioural outcomes to assess 
mentalizing abilities.

The term ‘mentalizing’ covers a variety of internal state 
inferences which may involve different processes (Call and 
Tomasello 2008; Pineda and Hecht 2009); it is possible that 
the different internal state inferences required across studies 
may have also contributed to the heterogeneity in the litera-
ture. Previous studies have reliably found that adults with 
ASD are impaired at inferring others’ intentions (Kana et al. 
2014; Murdaugh et al. 2014; Ponnet et al. 2004; Roeyers 
et al. 2001) and others’ emotions (Atkinson 2009; Cassidy 
et al. 2013; Enticott et al. 2013; Hubert et al. 2007; Nack-
aerts et al. 2012). However, the existing literature is more 
inconsistent regarding abilities to infer others’ mental states 
(Baron-Cohen et al. 1997; Kana et al. 2009; Kirkovski et al. 
2015; Kleinman et al. 2001; Roeyers et al. 2001; Spek et al. 
2010) or false beliefs (Frith and Happé 1994; Schuwerk et al. 
2014; Senju et al. 2009). The neuroimaging and develop-
mental literature also support the argument that the different 
subcomponents of mentalizing reflect different processes; 
the results of a meta-analysis suggest that children develop 
the ability to infer others’ desires before they are able to infer 
others’ beliefs and can detect others’ emotions before they 
can deduce false beliefs (Wellman and Liu 2004). Addition-
ally, neuroimaging studies have shown that different brain 
areas are active during mentalizing tasks depending on the 
inferences being made (Pineda and Hecht 2009; Schurz et al. 
2014). Collectively, these data suggest that the subcompo-
nents of mentalizing are distinct processes associated with 
different brain areas and developmental trajectories.

In summary, although ASD is associated with mental-
izing deficits, the nature of these deficits is unclear. The 
existing literature suggests that adults with ASD are more 
likely to show impaired performances on implicit mental-
izing tasks using complex naturalistic stimuli that probe 
understanding of intentions or emotions. To our knowl-
edge, only one study to date has assessed both implicit 
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and explicit mentalizing abilities in adults with ASD using 
measurable behavioural outcomes (Rosenblau et al. 2015). 
In this study, a comparison between adults with and with-
out ASD found that participants with ASD showed reduced 
abilities to both implicitly and explicitly infer the mental 
states of actors from short movies but there was no differ-
ence in the degree of impairment between tasks. However, 
this study did not use a non-mentalizing control task so 
it is unclear whether the poorer performances observed 
in adults with ASD were specifically due to mentalizing 
deficits or whether poorer performances reflect reduced 
abilities to perform the experimental tasks in general. Thus 
the current study aimed to test the abilities of adults with 
ASD to both implicitly and explicitly mentalize, using 
complex stimuli, measurable behavioural outcomes and a 
non-mentalizing control task.

This study specifically investigated the abilities of adults 
with ASD to both implicitly and explicitly infer the inten-
tions of others from the kinematics of their hand actions 
using the same naturalistic stimuli. Previous studies have 
shown that hand actions with different intentions display 
subtle differences in action kinematics and adults without 
ASD are able to infer others’ intentions from these differ-
ences in action kinematics (Ansuini et al. 2015; Sartori et al. 
2009). In the first experiment, participants watched videos 
of actors playing a poker chip game and had to decide which 
actor, from a choice of two, they would prefer to play the 
poker chip game with. Participants were shown one video 
depicting an actor deliberately not passing a poker chip to 
another player (‘spiteful’ action) and a video of another 
actor accidentally not passing a poker chip to another player 
(‘clumsy’ action). In this task, participants were not explic-
itly asked to infer actors’ intentions; rather participants’ 
choice of actor was dependent upon ‘covert’ mentalizing 
(implicit mentalizing task). In contrast, during the second 
experiment, participants watched the same movies and 
were explicitly asked to infer the intentions of the actors. 
In addition to contrasting the performance of the ASD and 
typically developing groups, due to the spectral nature of 
ASD, we then examined the relationship between the level 
of autistic traits displayed and abilities to infer others’ inten-
tions across all participants. We also tracked participants’ 
eye movements during both experiments in order to test 
whether any potential behavioural differences associated 
with autistic traits could be explained by atypical fixation 
patterns (cf. Schuwerk et al. 2014; Senju et al. 2009). It was 
predicted that adults with ASD would display reduced abili-
ties to infer the intentions of others compared to matched 
control participants and across all participants higher levels 
of autistic traits would predict poorer performances. We also 
hypothesised that mentalizing deficits associated with ASD 
would be more evident in the implicit task compared to the 
explicit task.

Methods

Participants

Twenty-one adults with Autism Spectrum Disorder (ASD; 
14 male) were recruited for this study. The majority of the 
ASD sample were students from the University of York 
(n = 13) and the remaining ASD participants were recruited 
from a local support group. Four participants were excluded 
for having scores that were not significantly higher than 
chance on the control task (see below). This resulted in a 
final participant sample of 17 adults with ASD (10 male ages 
18–56, mean age = 23.71, SD = 9.24) and 17 individually 
age, sex and IQ matched control participants (TD—Typi-
cally Developing; ages 18–55, mean age = 23.71, SD = 9.07). 
See Table 1 for participant demographics.

All participants in the ASD group had a clinical diagnosis 
of Asperger’s (n = 14) or Autism Spectrum Disorder. All 
diagnoses were issued by qualified clinicians external to this 
study. None of the ASD participants had a history of delayed 
language development or existing learning difficulties. All 
participants had IQ scores above 100. All neurotypical par-
ticipants reported that they had no neurological disorders 
and adults diagnosed with ASD reported no other neurologi-
cal conditions.

Experiments were approved by the ethics committee of 
the Department of Psychology, University of York, and were 
performed in accordance with the ethical standards outlined 
in the 1990 Declaration of Helsinki.

Psychological Tests

The Autism Diagnostic Observation Schedule (ADOS-2; 
Lord et al. 2000), Social Responsiveness Scale (SRS; Con-
stantino et al. 2003), The Awareness of Social Inference 
Test (TASIT; McDonald et al. 2006), Autism Quotient (AQ; 
Baron-Cohen et al. 2001) and Wechsler Abbreviated Scale 
of Intelligence (WASI; Wechsler 1999) were administered 

Table 1  Participant demographic information; group mean (SD) val-
ues

p values were derived from a one-way MANOVA unless otherwise 
stated
a The IQ scores were obtained using the two-subtest version of 
Wechsler Abbreviated Scale of Intelligence (WASI)
b The verbal WASI scores given are standardised scores (T-scores)

ASD TD p

Age 23.71 (9.24) 23.71 (9.07) 0.97
Gender (male:female) 10:7 10:7 1.00  (X2)
IQ (WASI)a 120.12 (9.32) 120.00 (10.09) 0.93
WASI verbal  scoreb 62.88 (6.66) 61.61 (7.52) 0.86
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to all participants. The ADOS-2 assessments were filmed 
and then scored by both the experimenter and an independ-
ent rater who was blind as to whether participants had a 
diagnosis or not. Both the experimenter and independent 
rater were trained to the level of research reliability on the 
ADOS-2 assessment. If the ADOS-2 scores differed between 
the experimenter and independent rater, the assessment mov-
ies were re-watched and a final score was agreed on. The 
independent ADOS-2 scores never differed by more than 2 
points between the raters. The SRS and TASIT are designed 
to detect social impairment. The SRS is a self-report meas-
ure and TASIT measures abilities to detect sarcasm and lies 
from movies showing social interactions. The AQ is a self-
report measure of autistic traits. The two subtest version of 
the WASI was used to measure the IQ of participants. All 
these psychological tests have been shown to have good psy-
chometric properties (Allison et al. 2011; Constantino et al. 
2003; Hurst et al. 2007; McDonald et al. 2006; Oosterling 
et al. 2010).

Stimuli

The movie stimuli were designed to show different actors 
playing a poker chip exchange game. The poker chip game 
involved passing poker chips to another player through slots 
in a white wooden board (see Fig. 1). Ten different types of 
hand actions were filmed (Panasonic TM900 HD-DV cam-
era; 1920 × 1080 pixels at 50 Hz progressive scan). Five of 
the hand actions involved pushing poker chips with the index 
finger of the right hand through a slot in the board which 
was level with the surface of the table. The other five hand 
actions involved grasping poker chips with the index finger 
and thumb of the right hand and passing them through a slot 
in the board at head height. Two different types of actions 

were used to generalise results across different action types. 
Both pushing and grasping actions were executed by the 
actor in five different ways: (1) clumsily failing to pass one 
poker chip—here the actor had a positive intention to pass 
the chip to the other player, but the outcome of the action 
was unsuccessful (clumsy 1); (2) Clumsily failing to pass 
five pokers chips; positive intention to pass the chips, but 
the outcome of the action was unsuccessful (clumsy 5); (3) 
Spitefully (deliberately) failing to pass one poker chip; no 
intention to pass the chip to the other player and the outcome 
of the action was unsuccessful (spiteful 1); (4) Successfully 
passing one poker chip; the actor intended to pass the poker 
chip and the action was successful (successful 1); (5) Suc-
cessfully passing five poker chips; the actor intended to pass 
the poker chips and the action was successful (successful 5).

Twenty-eight different actors (14 female) were filmed 
performing all ten actions, from a three-quarters view from 
behind at an angle that allowed their right hand to be seen 
in front of them for the entire duration of the hand action 
but only showed a limited side profile of their face. This 
prevented participants from using facial information to infer 
the intentions of actors and required intentions to be inferred 
from the action kinematics alone (cf. Sartori et al. 2009; 
Ansuini et al. 2015). This was done in order to investigate 
whether adults with ASD are impaired at inferring others’ 
intentions irrespective of reduced fixation on the eyes, which 
has been well reported (Bird et al. 2011; Kliemann et al. 
2010; Papagiannopoulou et al. 2014; Tottenham et al. 2014).

The actors sat in front of a white wooden board meas-
uring 84 × 61 cm with two slots (4 × 17 cm) cut out of it 
(see Fig. 1). Actions started with the actor’s right hand rest-
ing on a small marker for 3 s. In order to ensure all hand 
actions lasted approximately 2 s, a buzzer indicated to the 
actors when to move their hand towards the poker chips and 

Fig. 1  Example screenshots 
from the hand action movies 
depicting positive and negative 
intentions. a The actor pushes 
five poker chips with a positive 
intention (clumsy 5 pushing 
action). b The actor deliberately 
pushes a poker chip away from 
the slot (spiteful 1 pushing 
action). c The actor accidentally 
drops a poker chip (clumsy 1 
grasping action). d The actor 
deliberately drops the poker 
chip (spiteful 1 grasping action). 
The squares overlaid onto 
action a illustrate the regions 
of interest (ROIs) used for the 
eye-tracking analyses
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signalled again to indicate when the actors should let go 
of the poker chips. Actors performed each of the 10 differ-
ent actions at least 3 times; for each actor the action with 
the best timing and that best depicted the particular inten-
tion was selected for the final movie. Movies were edited 
(Sony Vegas Pro 10) to finish 0.4 s after the poker chips 
left the actors’ hands; for grasping actions, this was always 
before the poker chips hit the table. In addition, the starts of 
all movies were trimmed such that they lasted exactly 4 s. 
Editing the movies in this way meant that movement onset 
occurred at slightly different times in each movie (frames 
32–146).

The chosen movies were rated by 30 independent observ-
ers who were students at the University of York. Observ-
ers classified each action as either ‘clumsy’, ‘spiteful’ or 
‘neither’ by pressing one of three keys on the computer 
keyboard. Clumsy responses were coded as − 1, spiteful 
responses were coded as 1 and neither responses were coded 
as 0. For each action, scores were averaged across partici-
pants to generate an index of the degree of ‘spitefulness’ 
conveyed by each movie where − 1 indicates a strong evalua-
tion of the action as clumsy, + 1 indicates a strong evaluation 
of the action as spiteful, and 0 indicates an evaluation of the 
action as neither clumsy or spiteful. Spiteful videos were 
required to have spitefulness indexes higher than 0.4 and 
clumsy videos were required to have indexes below − 0.4 
to be included in the stimuli set. Three clumsy movies had 
spitefulness indexes that were higher than − 0.4 and there-
fore were deemed to not clearly portray the desired intention 
(0.16, 0.03 and − 0.03 spitefulness indexes). These movies 
were replaced with new stimuli which were rated by another 
30 independent observers and these stimuli all obtained rat-
ings lower than − 0.4. The final stimuli used fell into three 
significantly (F(2,165) = 1644.94, p < .001, ηp

2 = .95) distinct 
groups; clumsy (M = − .68, SD = 0.15), spiteful (M = 0.80, 
SD = 0.13) and successful (M = 0.01, SD = 0.03) actions.

Experiment 1 (Implicit mentalizing): Design 
and Procedure

Experiment 1 tested the participants’ abilities to implicitly 
infer the intentions of others from their hand actions. The 
task was adapted from one previously used with children 
(Behne and Carpenter 2005) and chimpanzees (Call et al. 
2004). In these studies, experimenters either deliberately 
or ‘accidentally’ did not give the chimpanzees or children 
rewards (in the form of food or a toy respectively). Both 
the chimpanzees and the children attempted to interact with 
the experimenters for longer when experimenters acciden-
tally dropped the reward rather than when they deliberately 
did not give the reward. This implied the experimenters’ 
intentions had been implicitly inferred and consequently the 
appropriate social decisions were made.

In our experiment, each participant took part in a poker 
chip exchange game with the experimenter prior to the main 
experiment in order to familiarise them with the actions 
shown during the experiment, and to demonstrate the value 
of receiving poker chips from a partner. Participants were 
told that the experimenter would start with 8 poker chips 
that were each worth one pound. However, in order for the 
experimenter to receive money for their poker chips at the 
end of the game, they had to give at least one poker chip to 
the participant. If the experimenter had all the poker chips 
on their side of the board at the end of the game, neither the 
experimenter nor the participant would receive any money. 
The experimenter then had three chances to make a deal with 
the participant; they would pass some poker chips through 
the slots in the wooden board to the participant on the other 
side. The participant had to accept or reject the number of 
poker chips that were offered each turn. If the participant 
accepted then they would receive a pound coin for every 
chip on their side, if they rejected the number of poker chips 
offered, then the experimenter would have to offer a different 
number of chips. If no agreement was reached after three 
rounds then neither the participant nor the experimenter 
received any money. The aim of the game for the participant 
was to end up with as many chips as possible on their side 
of the board. Every participant played the poker chip game 
four times to gain a good understanding of the purpose of 
passing the chips and the value of the chips (three times as 
the participant and once in the experimenter role). Over the 
three games in the participant role, each participant expe-
rienced (i) a round in which the experimenter acted spite-
fully (experimenter offered no chips to the participant and 
explained they were doing so in order to reduce the number 
of chances to make a deal and increase the chances of the 
participant accepting a lower offer); and (ii) a round in which 
the experimenter acted clumsily (experimenter accidentally 
dropped the poker chips and thus failed to make an offer) so 
that all participants had practical experience of both clumsy 
and spiteful actions. Participants also played one game in 
which they switched roles with the experimenter to ensure 
they understood the game fully.

A PC running MATLAB R2015a controlled the experi-
ment and recorded participant responses. Participants sat 
approximately 60 cm from an Acer GD245HQ 24″ HD 
monitor on which all stimuli were presented. Participants’ 
eye movements were recorded during the experiment using 
an EyeTribe eye tracker (The EyeTribe Abs, Copenhagen). 
Participants rested their heads in a chin rest and fixation 
data from both eyes was recorded at 30 Hz. A 9-point cali-
bration procedure was carried out before conducting each 
experiment. Participants for which the eye-tracker could not 
reach a satisfactory level of accuracy on the calibration (3/5 
star rating; indicating < 1° accuracy) were excluded from 
subsequent eye-tracking analysis. Eye tracker data recording 
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was controlled using the EyeTribe MATLAB toolbox (Dal-
maijer; available on GitHub: https://github.com/esdalmaijer/
EyeTribe-Toolbox-for-Matlab).

Participants were told that they would watch movies of 
individuals playing the poker chip game they had just played 
themselves. Each movie would show a player’s first attempt 
to offer poker chips to someone on the other side of the 
board. The participants watched pairs of movies and had 
to decide subsequently whether they would rather continue 
playing the poker chip game with the actor in the first or 
the second movie. Each trial consisted of two actions of the 
same type (either both grasping or both pushing) presented 
sequentially with an inter-stimulus interval (ISI) of 1000 ms, 
during which the screen was black except for a white fixa-
tion cross. Following the second movie a response screen 
was displayed and participants had to indicate whether they 
would rather interact with the actor in the first or second 
movie by pressing either 1 or 2 on the keyboard (see Fig. 2).

Different forms of decision making were required to 
make a choice between the first and second actors in three 
different conditions; we refer to them as ‘Mentalizing’, 
‘Action’ or ‘Either’ conditions. (1) Mentalizing condi-
tion: correct decisions could be based upon inferences of 
intention only and consisted of movies of an action with a 
positive intention (clumsy 1) and an action with a negative 

intention (spiteful 1). Here, in order to decide between 
the actors, participants needed to infer the intentions of 
the actors from the kinematics of their actions. The out-
comes of the actions were the same (both actors failed 
to pass a poker chip to another player) but the intentions 
of the actors were different. (2) Action condition: correct 
decisions could be based upon action recognition only, 
consisted of movies of actors successfully passing poker 
chips (successful 1 and successful 5). Here, in order to 
decide between the actors, participants needed to recog-
nise whether the actor was passing 1 or 5 poker chips, and 
did not require participants to mentalize in order to com-
plete the task. (3) Either condition: decisions were based 
upon recognition of the action, or possibly inferences of 
intention, and consisted of movies of actors attempting to 
pass poke chips (clumsy 1 and clumsy 5). Here, in order 
to decide between the actors, participants were expected to 
focus on the number of chips being offered and choose the 
actor trying to pass the higher number of poker chips, but 
participants may have automatically processed the actors’ 
intentions and recognized that both actors have the same 
positive intention. This condition was included in order to 
test for the differences in success of the actions between 
the Mentalizing and Action conditions, given that Men-
talizing trials always showed unsuccessful actions and 

Fig. 2  Sequence of stages dur-
ing a Mentalizing trial in the 
implicit task. Action 1 shows a 
female actor deliberately drop-
ping a poker chip (spiteful 1) 
and action 2 shows a male actor 
accidentally dropping a poker 
chip (clumsy 1). In order to 
decide whether to interact with 
actor 1 or actor 2 the participant 
must infer the intentions of 
the actors from the kinemat-
ics of their actions because the 
outcomes of the two actions are 
identical

https://github.com/esdalmaijer/EyeTribe-Toolbox-for-Matlab
https://github.com/esdalmaijer/EyeTribe-Toolbox-for-Matlab
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Action trials always showed successful actions; Either tri-
als always showed unsuccessful actions but did not require 
mentalizing.

At the start of testing, participants completed six practice 
trials (two of each condition) in order to familiarise them 
with the experimental procedure. The stimuli used in the 
practice trials were not included in the main experiments 
and the actors compared against each other in the implicit 
practice trials were not compared against each other in the 
main implicit experiment.

Participants completed 72 trials in total, viewing 144 
actions (12 repeats of each action except clumsy 1 which was 
shown 24 times); trials lasted approximately 12 s depending 
on response times, and testing took approximately 15 min. 
The same actor never performed the same action (e.g. spite-
ful1 pushing action) twice, such that participants did not 
learn to associate certain behaviours with specific individu-
als. Every actor was seen the same number of times and 
each actor performed a preferable action 50% of the time; 
actor gender was also counterbalanced. Condition order was 
randomised and action order was counterbalanced so that the 
preferred action would occur first in 50% of the trials, e.g. on 
50% of the Mentalizing trials the clumsy movies were shown 
before spiteful movies.

Experiment 2 (Explicit mentalizing): Design 
and Procedure

In the second experiment, participants were asked explicitly 
to report the intentions of actors presented in movies. Partic-
ipants returned approximately 3 months (average 112 days) 
after they completed Experiment 1 to complete Experiment 
2. This helped minimalize the possibility of participants’ 
previous implicit judgements influencing their explicit 
judgements of the actions. Two of the ASD participants 
were unable to return to complete the explicit experiment, 
leaving a sample of thirty participants (15 matched pairs) in 
the explicit experiment.

As with experiment 1, participants first completed six 
practice trials (two of each stimulus type), in order to famil-
iarise them with the experimental procedure. Participants 
then viewed all 144 of the movies seen in the Experiment 1. 
After each movie, participants had to indicate whether they 
thought the movie showed a ‘spiteful’ (deliberate), clumsy 
(accidental) or successful action by pressing 1, 2 or 3 respec-
tively on the computer keyboard. The experiment consisted 
of two blocks of 10 min (72 movies shown in each). Each 
block contained 36 clumsy actions, 12 spiteful actions and 
24 successful actions, the order of movies was randomised 
within each block and no movies were repeated. A response 
screen was shown after each movie until the participant 
responded. The PC, display and eye-tracker were all identi-
cal to Experiment 1.

Behavioural Performance Analysis

For Experiment 1, the numbers of correct responses each 
participant gave in each condition (Mentalizing, Either, 
Action) were calculated. All 34 participants included in 
the analyses had scores significantly higher than chance 
in the Action condition (Binomial test (0.5), p < .05, 
scores > 17/24), indicating that all individuals under-
stood the task. We then subtracted the number of correct 
responses on the Action condition from the number of cor-
rect responses on both the Mentalizing and Either condition 
for each participant. This allowed us to identify any task 
specific deficits rather than generalised poorer performances 
on experimental tasks.

For Experiment 2, we calculated the proportion of cor-
rect responses for the mentalizing conditions (clumsy and 
spiteful actions) and non-mentalizing condition (successful 
actions) for each participant. Similar to Experiment 1, dif-
ferences between mentalizing and non-mentalizing condi-
tions were calculated to provide a specific measure of the 
ability of participants to explicitly infer the intentions of 
others, whilst controlling for ability to do a simple action 
discrimination task.

Task-specific scores were not normally distributed even 
after log transformations had been applied. Therefore, non-
parametric analyses (Mann–Whitney U tests) were used to 
investigate group differences in mentalizing abilities. Fur-
ther, due to the spectral nature of ASD, linear regressions 
were used to examine the influence of autistic traits (con-
tinuous independent variable) on task-specific performances 
(continuous dependent variables). These linear regressions 
were conducted in order to identify whether any significant 
group differences that were found also showed a significant 
relationship with the continuum of autistic traits across all 
participants. In order to obtain a single score for each par-
ticipant that reflected the level of autistic traits that they 
displayed, we performed a principal components analysis 
(PCA) on all the psychological test scores (ADOS-2, AQ, 
SRS and TASIT). The only factor with an eigenvalue higher 
than Kaiser’s criteria of 1 was extracted and used as a meas-
ure of autistic traits. Data analysis was carried out using 
R i386 3.2.3 (The R Foundation for Statistical Computing, 
Vienna, Austria, http://www.r-project.org).

Eye‑Tracking Analysis

Eye tracking data was analysed using the EyeMMV MAT-
LAB toolbox (Krassanakis et  al. 2014). Data from the 
implicit and explicit experiments were analysed in the same 
way. First, heatmaps were created using the data from all 
participants in order to identify regions of interest (ROIs); 
these were: the head of the actor, the initial start position of 
the hand with the poker chips, and the grasp release point. 

http://www.r-project.org
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Three rectangular ROIs were drawn for each movie outlining 
these areas of interest. Due to the similarity in the spatial 
extent of the actions on the screen it was then possible to 
combine the co-ordinates of the ROIs from all 144 movies to 
make a single set of ROIs that encompassed the ROIs from 
all movies (see Fig. 1a). We then calculated the number and 
duration of fixations within each ROI during each condition 
for each participant. We defined the minimum duration for 
fixation detection as 150 ms.

The duration of fixations in each ROI as a percentage 
of the total number of fixations were calculated for each 
participant in each condition. As for the behavioural data, 
for Experiment 1 the duration each participant fixated in 
each ROI during the Action condition was subtracted from 
the time spent fixating in each ROI during the Mentalizing 
and Either conditions. For Experiment 2, the durations of 
fixation in each ROI during the non-mentalizing condition 
were subtracted from the durations of the fixation in each 
ROI during the Mentalizing condition. For Experiment 1, 
group differences in fixation patterns were tested using sepa-
rate mixed-model ANOVAs for each ROI (with condition 
[Mentalizing-Action, Either-Action] as the within subjects 
variable and diagnosis as the between subjects variable). For 
Experiment 2, the eye-tracking data were found to violate 
the assumption of normality even after a log transformation 
had been applied so non-parametric Mann–Whitney U tests 
were conducted to examine potential group differences in 
mentalizing-specific fixation patterns. For both experiments, 
linear regressions were used to examine the influence of 
autistic traits on changes in the duration of fixations in each 
ROI across conditions. The data from different ROIs were 
treated separately because the data were not independent 
(participants could only fixate in one ROI at a time).

Results

Psychological Tests

All psychological assessment scores were highly corre-
lated with each other except for IQ which did not correlate 
with the scores on any other psychological tests (Bivariate 

Pearson correlations; see Table 2). Three female partici-
pants with an ASD diagnosis obtained ADOS scores below 
the clinical cut-off. However, all of these participants had 
AQ scores above the clinical cut-off as well as SRS scores 
that indicated either moderate or severe social impairments 
(see Table 3 for group means scores on all psychological 
assessments).

Given that the psychological test scores assessing autistic 
traits were highly correlated with each other (all rs > 0.54) 
they were suitable for principal component analysis, the 
Kasier-Meyer-Olkin measure of sampling accuracy was 0.81 
(above 0.6) and Barlett’s test of sphericity was significant 
χ2(6) = 108.82 p < .001. Additionally, the communalities 
were all above 0.7 supporting the inclusion of all the psy-
chological tests in the principle components analysis (PCA). 
PCA with varimax rotation was used. The initial eigenval-
ues from the PCA analysis showed that one factor (with an 
eigenvalue of 3.23) explained 80.81% of the variance in 
psychological test scores. No other factors had eigenvalues 
higher than Kaiser’s criteria of 1 and therefore only one fac-
tor was extracted. This factor was labelled ‘autistic traits’ 
(see Table 3 for group mean values).

Experiment 1

ASD participants displayed poorer performances on 
the implicit task than matched controls (see Table 4) but 
group differences were not significant (Mentalizing-Action 
scores: U = 112.50, p = .27, r = .19; Either-Action scores: 
U = 90.00, p = .06, r = .33). Linear regression analyses also 
showed that higher levels of autistic traits were associated 
with poorer performances on the implicit task but this trend 
was not significant (see Fig. 3; Mentalizing-Action scores: 

Table 2  Correlations between psychological test scores

***p < .001

1 2 3 4

1. ADOS
2. AQ .74***
3. SRS .77*** .90***
4. TASIT .54*** .73*** .76***
5. IQ .04 .17 .09 .10

Table 3  Participants’ psychological test scores; group mean (SD) val-
ues

p values were obtained from one-way MANOVA

ASD TD p ηp
2

ADOS 8.47 (2.58) 2.76 (1.86) < .001 .63
AQ 35.71 (6.47) 16.47 (6.57) < .001 .70
TASIT 49.24 (8.61) 57.76 (3.72) .001 .31
SRS 114.12 (24.26) 42.76 (18.87) < .001 .74
Autistic traits .84 (.63) − .84 (.42) < .001 .73

Table 4  Group behavioural performances; median (IQR) values

ASD TD

Implicit mentalizing-action − 3.00 (6.50) − 2.00 (6.50)
Implicit either-action − 4.00 (10.00) − 2.00 (1.50)
Explicit mentalizing-non-mentalizing − 1.88 (3.50) − 0.74 (1.13)
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F(1,32) = 3.11, p = .09,  R2 = 0.09, 95% CI [− 5.91, − 2.33]; 
Either-Action scores: F(1,32) = 3.54, p = .07,  R2 = 0.10, 95% 
CI [− 3.14, 0.124]).

In addition, adults with ASD did not show atypical 
changes in fixation patterns between conditions in the 
implicit experiment and changes in fixation patterns were 
not significantly different across Mentalizing and Either con-
ditions for any of the ROIs [head ROI: task [F(1,26) = 0.45, 
p = .51, ηp

2 = .02], diagnosis [F(1,26) = 0.77, p = .39, 
ηp

2 = .03], task*diagnosis interaction [F(1,26) = 0.23, 
p = .63, ηp

2 = .01; Poker chip ROI: task [F(1,26) = 2.41, 
p = .13, ηp

2 = .09], diagnosis [F(1,26) = .32, p = .57, 
ηp

2 = .01], task*diagnosis interaction [F(1,26) = 0.70, p = .41, 
ηp

2 = 0.03]; Release point ROI: task [F(1,26) = 3.27, p = .08, 
ηp

2 = .11], diagnosis [F(1,26) = 2.99, p = .10, ηp
2 = .10], 

task*diagnosis interaction [F(1,26) = 0.55, p = .47, ηp
2 = .02]. 

Group average values for the percentage of time spent fixat-
ing in each ROI can be seen in Table 5. The level of autistic 
traits that participants displayed also did not significantly 
predict changes in the duration of fixation within any ROI 
between conditions (see Table 6).

Experiment 2

Participants in the ASD group displayed significant explicit 
mentalizing deficits (Median = − 1.88; IQR = 3.50) com-
pared to matched controls (Median = − .74; IQR = 1.13; 
U = 61.50, p = .03, r = .39). The participant in the ASD group 
with the highest level of autistic traits was identified as an 
outlier in the linear regression analysis for the explicit task 
(Cook’s distance > 1 and leverage value > n/4), therefore this 
participant was removed from the linear regression analysis.

Participants with higher levels of autistic traits displayed 
poorer performances on the explicit mentalizing condition 
but this was a non-significant trend (mentalizing-non-men-
talizing scores; F(1,27) = 3.42, p = .08,  R2 = 0.11, 95% CI 
[− 1.15, 0.06] see Fig. 4).

Participants with ASD displayed typical changes in the 
duration of fixation between mentalizing and non-mentaliz-
ing conditions for all ROIs (Head ROI: U = 75.00, p = .32, 
r = .19: Poker chip ROI: U = 77.00, p = .36, r = .17: Release 
point ROI: U = 74.00, p = .29, r = .20). The level of autistic 
traits that participants displayed did not significantly predict 
changes in the duration of fixation between mentalizing and 

Fig. 3  The relationship between the levels of autistic traits displayed 
and performances on the implicit task in the Mentalizing condition 
(a) and Either condition (b). Although there was a trend of poorer 
performances with high levels of autistic traits, linear regression 

analysis found that the level of autistic traits displayed was not a sig-
nificant predictor of performance in the Mentalizing (F(1,32) = 3.11, 
p = .09,  R2 = 0.09) or the Either condition (F(1,32) = 3.54, p = .07, 
 R2 = 0.10). The curved lines represent 95% confidence intervals

Table 5  Percentage duration of fixation in each ROI; Mean (SD) val-
ues

a Median (IQR) values presented as non-parametric tests were used

ASD TD

Head ROI
 Implicit mentalizing-action 4.64 (9.68) 2.32 (12.01)
 Implicit either-action 4.32 (8.00) 0.37 (11.08)
 Explicit mentalizing-non-mentaliz-

inga
0.06 (18.05) 1.91 (13.13)

Poker chip ROI
 Implicit mentalizing-action 1.16 (6.15) − 1.83 (8.76)
 Implicit either-action 2.36 (5.58) 2.12 (11.96)
 Explicit mentalizing-non-mentaliz-

inga
4.12 (15.89) 0.75 (6.21)

Release point ROI
 Implicit mentalizing-action − 5.34 (3.98) − 1.99 (5.52)
 Implicit either-action − 6.04 (4.24) − 3.67 (4.76)
 Explicit mentalizing-non-mentaliz-

inga
− 3.53 (6.81) − 3.82 (2.70)
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and non-mentalizing conditions within any ROI (Head ROI: 
F(1,26) = 2.23, p = .15,  R2 = 0.08, 95% CI [− 10.77, 1.71]; 
poker chips ROI: F(1,26) = 1.63, p = .21,  R2 = 0.06, 95% CI 
[− 2.04, 8.76]; release point ROI: F(1,26) = 1.63, p = .90, 
 R2 < 0.001, 95% CI [− 1.65, 1.47]).

Discussion

This study aimed to investigate the abilities of adults with 
ASD to both implicitly and explicitly infer the intentions 
of others. In the first experiment, participants completed a 
task where mentalizing was implicit. Here participants were 
asked to make decisions about who they wanted to interact 
with between pairs of actors and in some cases these social 
decisions required the intentions of the actors to be inferred 
in order to make the appropriate choice. In contrast, during 
the second experiment, participants were explicitly asked to 
report the intentions of actors. Our results showed that adults 
with ASD displayed explicit mentalizing deficits compared 

to matched controls. Adults with ASD did not display sig-
nificant implicit mentalizing abilities. Furthermore, ASD 
participants did not display atypical fixation patterns dur-
ing both the explicit and implicit experiments. Therefore, the 
explicit mentalizing deficits exhibited by adults with ASD 
cannot be explained by differences in fixation.

The explicit mentalizing deficit found with adults with 
ASD in this study supports a number of previous studies 
which found adults with ASD were impaired at explic-
itly inferring others’ intentions (Happé 1994; Kana et al. 
2014; Moran et al. 2011). Our data are also consistent with 
reported difficulties for adults with ASD in everyday life 
(O’Neal 2013; The National Autistic Society 2014). How-
ever, some previous studies have not found a connection 
between ASD and impairments in explicitly inferring the 
intentions of others (McAleer et al. 2011; Ponnet et al. 2004; 
Roeyers et al. 2001; Schuwerk et al. 2014). This may be 
due to the simplicity of the stimuli used in these studies, 
e.g. passages of text and still images (Ponnet et al. 2004; 
Roeyers et al. 2001; Schuwerk et al. 2014). In contrast, our 
study used a task with complex, naturalistic stimuli more 
akin to social environments in which individuals are required 
to make judgements. The use of more simplistic stimuli in 
previous studies may have allowed some adults with ASD 
to explicitly infer the intentions of others, perhaps with the 
help of learned strategies, which are of less help in more 
complex and natural settings. In support of this argument, 
two previous studies have investigated the ability of adults 
with Pervasive Development Disorders (PDDs; including 
ASD) to infer mental states both using simple stimuli and 
complex, naturalistic stimuli (Ponnet et al. 2004; Roeyers 
et al. 2001). Their results showed that adults with PDDs 
were only impaired when complex stimuli were used.

In addition to the group analysis, we also investigated the 
relationship between autistic traits and performance across 
all participants. This additional analysis was conducted as 
ASD is a spectrum disorder rather than a dichotomous clas-
sification and our results clearly show that participants dis-
played a range of autistic traits (see Figs. 3, 4). The linear 
regression analysis showed that across all participants the 
wide range of autistic traits shown was negatively associated 
with performance on both implicit and explicit mentalizing 
tasks, but these remained non-significant trends. A previ-
ous study found no relationship between autistic traits and 
both explicit and implicit mentalizing abilities (Nijhof et al. 

Table 6  Results of the 
linear regression analyses 
investigating relationships 
between the eye-tracking data 
and the level of autistic traits 
displayed

Mentalizing-Action Mentalizing-Either

B SE B β t p B SE B β t p

Head ROI − .72 2.05 − .07 − .35 .73 .26 1.86 .03 .14 .89
Poker Chip ROI 2.68 1.36 .36 1.98 .06 1.31 1.76 .14 .74 .46
Release Point ROI − 1.42 .92 − .29 − 1.54 .14 − .99 0.85 − .22 − 1.17 .26

Fig. 4  The relationship between the levels of autistic traits displayed 
and performances on the explicit mentalizing task. Although there 
was a trend of poorer explicit mentalizing performances with high 
levels of autistic traits, linear regression analysis found that the level 
of autistic traits displayed was not a significant predictor of perfor-
mance F(1,27) = 3.42, p = .08,  R2 = 0.11. The curved lines represent 
95% confidence intervals
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2016). However, this study did not recruit adults with an 
ASD diagnosis and therefore may have not had the range of 
autistic traits required to find a relationship between autistic 
traits and mentalizing performance.

Although a trend was found in our study for poorer 
implicit mentalizing abilities associated with higher levels 
of autistic traits, there was not a significant group difference 
in performance between those with ASD and their matched 
controls. This lack of clear evidence for a significant implicit 
mentalizing deficit in adults with ASD was unexpected. We 
had more participants in this study than in the explicit study, 
which revealed clear significant results, so it is unlikely the 
null result is simply due to insufficient statistical power. It 
is possible that if the data had been normally distributed, 
therefore allowing parametric analyses to be carried out, 
the interaction between task and participant group would 
not have been significant, reflecting comparable deficits 
on both tasks. However, the effect size was much larger for 
the explicit experiment (r = .39) compared to the implicit 
experiment (r = .19), supporting the presence of a significant 
explicit deficit but no clear implicit mentalizing deficit in 
these adults with ASD. The existing literature shows consist-
ent implicit mentalizing deficits in adults with ASD (Castelli 
et al. 2002; Rosenblau et al. 2015; Schuwerk et al. 2014; 
Senju et al. 2009). The methods we used to measure men-
talizing abilities may have contributed to the discrepancy 
between our findings and the previous literature. Our study 
measured implicit mentalizing abilities using a measurable 
behavioural outcome and performances were assessed rela-
tive to a control task. Previous implicit mentalizing studies 
in adults with ASD that used complex stimuli have either 
used eye-tracking data alone as a measure of mentalizing 
abilities (Schuwerk et al. 2014; Senju et al. 2009) or not 
included a control task (Rosenblau et al. 2015). Without the 
inclusion of a control task, it cannot be determined whether 
poorer performances linked to ASD are mentalizing-specific 
or more generalised deficits. Additionally, this study was the 
first to investigate abilities to implicitly infer intentions in 
adults with ASD; in contrast previous implicit mentalizing 
studies in adults have assessed abilities to infer others’ men-
tal states and false beliefs (Castelli et al. 2002; Rosenblau 
et al. 2015; Schuwerk et al. 2014; Senju et al. 2009). Neu-
roimaging studies have shown that different brain areas are 
active during different types of mentalizing tasks (Gobbini 
et al. 2007; Pineda and Hecht 2009; Saxe and Powell 2006; 
Schurz et al. 2014), suggesting that the systems used depend 
on the specific mentalizing task being performed. Therefore, 
it is possible that ASD is related to more pronounced deficits 
on certain subcomponents of mentalizing than others.

The lack of clear evidence for a significant implicit men-
talizing deficit in adults with ASD in the current study may 
also be due to the use of action stimuli; implicitly inferring 
others’ intentions from their actions may involve different 

processes than implicit mentalizing in the absence of action 
information. Actions with different intentions have been 
shown to display different kinematic profiles (Manera et al. 
2011; Sartori et al. 2011). The dual-process model sug-
gests that when intentions are inferred from others’ actions, 
these differences in action kinematics allow automatic, 
subconscious processing of intentional information in the 
observer’s own motor system before intentions are actively 
interpreted in a higher-level cortical system (de Lange et al. 
2008; Keysers and Gazzola 2007; Spunt and Lieberman 
2012; Uddin et al. 2007). Neuroimaging data suggest that 
in the absence of action information, others’ intentions aren’t 
subconsciously processed in the motor system (see a review 
and meta-analysis; Gallagher et al. 2000; Schurz et al. 2014). 
Therefore, because intentional information in our study was 
provided by differences in action kinematics, it is possible 
that subconscious processing of intentional information in 
the motor system allowed adults with ASD to select pref-
erable kinematic profiles (required in our implicit task). 
Whereas, if intentional information was provided by other 
cues, not solely by differences in action kinematics, then a 
significant implicit mentalizing deficit may have been found. 
A larger number of implicit mentalizing studies have been 
carried out in young children than adults and a number of 
studies have shown that children with ASD can implicitly 
infer others’ intentions when intention is portrayed using 
action (Aldridge et al. 2000; Berger and Ingersoll 2014; Car-
penter et al. 2001; Colombi et al. 2009; Liebal et al. 2008; 
Schietecatte et al. 2012) but not when intentions are por-
trayed by social-emotional cues such as eye gaze or facial 
expression (Berger and Ingersoll 2014; Vivanti et al. 2016). 
These data support the theory that inferring intentions from 
action kinematics involves different processes than infer-
ring intentions using different cues and that implicitly infer-
ring intentions from action kinematics is not significantly 
impaired in ASD.

Individuals with ASD and high levels of autistic traits 
also showed relatively poor performance on Either trials. It 
seems likely that mentalizing may have influenced the social 
judgments participants made during the Either condition 
even though, in principal, mentalizing was not required. The 
Either condition was included in this study in attempt to con-
trol for differences in the success of actions across mental-
izing and non-mentalizing (Action) conditions. In the Men-
talizing condition, unsuccessful actions were always seen 
and in the Action condition only successful actions were 
seen. The Either condition showed unsuccessful actions but 
did not require mentalizing in order to complete the task, if 
participants made their decisions based purely on the num-
ber of poker chips involved in the hand actions then they 
would make correct choices. However, previous evidence 
suggests that the intentionality of observed hand actions 
is automatically processed (Liepelt et al. 2008), and given 
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participants were blind to the condition, from the partici-
pant’s perspective, the relevant feature of the action (number 
of chips/intention of the actor) only became clear after the 
second movie had been viewed. Thus, it may have been an 
effective strategy to pay attention to the intention of the actor 
in all trials. This may have affected performance in several 
ways. First, participants with higher levels of autistic traits 
may have wrongly attributed negative intent to the preferable 
actions (the actor attempting to pass more poker chips) in 
the Either condition resulting in incorrect choices. Second, 
reading actor intentions may have distracted participants 
from focussing on the number of chips being passed and 
thus the inclusion of both actor intentions and differential 
number of chips, may have placed a higher cognitive load 
on participants, compared to other conditions and this may 
have contributed to the relatively poor performances in this 
condition.

Despite the poorer explicit mentalizing abilities found in 
adults with ASD compared to matched controls in our study, 
fixation patterns were not different in the ASD group. The 
typical fixation patterns exhibited by adults with ASD in 
this study may also be due to the use of action stimuli. The 
majority of the literature reporting atypical fixation patterns 
in adults with ASD have found atypical fixation patterns dur-
ing face processing, in particular, showing reduced fixation 
on the eyes (Dalton et al. 2005; Klin et al. 2002; Pelphrey 
et al. 2002; Sterling et al. 2008). In the current study, the 
actors’ faces were not shown and intentional information 
was portrayed by the kinematics of the actions alone. Adults 
with ASD may alter their eye movements appropriately 
according to differences in the mentalizing demand of the 
task when intentional information is portrayed by action kin-
ematics but not when internal state inferences require face 
processing. This theory is supported by data from a previous 
study that showed that when adults with ASD naturalisti-
cally viewed videos and pictures of social scenes they dis-
played reduced fixation on people’s faces but showed equiva-
lent fixation on bodies to control participants (Rigby et al. 
2016). The typical eye-tracking data in conjunction with the 
explicit mentalizing deficit in the current study suggest that 
despite receiving the visual cues they needed, adults with 
ASD could not accurately interpret the social cues embed-
ded within the action kinematics in order to explicitly infer 
the actors’ intentions. This dissociation between the behav-
ioural data and the eye-tracking data has implications for 
future research assessing mentalizing abilities. Some pre-
vious studies have investigated mentalizing abilities using 
eye-tracking data alone (Schuwerk et al. 2014; Senju et al. 
2009). However, our results demonstrate that poorer men-
talizing abilities associated with high levels of autistic traits 
are not always accompanied by atypical visual fixation pat-
terns. This is supported by previous research which showed 
that although adults with ASD spent less time fixating on 

the eyes of others, these atypical fixation patterns did not 
correlate with poorer mentalizing performances (Cassidy 
et al. 2013).

In conclusion, we found that adults with ASD were sig-
nificantly impaired at explicitly but not implicitly inferring 
the intentions of others from their hand actions. Although 
there was a trend for adults with high levels of autistic traits 
to display poorer implicit mentalizing performances, this 
relationship did not reach significance. The lack of a signifi-
cant implicit mentalizing deficit may be due to subconscious 
processing of intentional information when intentions are 
portrayed by action kinematics. Adults with ASD displayed 
typical fixation patterns when both implicitly and explic-
itly inferring the intentions of others. The inconsistency we 
observed between impaired explicit mentalizing but typical 
fixation patterns suggests that reduced abilities to explicitly 
infer intentions from hand actions cannot be attributed to 
dissimilarities in fixation patterns. Our findings suggest that 
future research should consider the stimuli used and assess 
mentalizing abilities with both behavioural and eye-tracking 
techniques.

Acknowledgments Eleanor Cole was funded by an Economic Social 
Research Council (ESRC) 1 + 3 PhD studentship. We thank Greta Vil-
idaitè for her assistance with the ADOS coding, and all the participants 
for their contributions.

Author Contributions EJC designed the experiment, collected and ana-
lysed the data, wrote the first draft of the manuscript, edited the manu-
script, and approved the final version. KES designed the experiment, 
helped data analysis, edited the manuscript and approved the final ver-
sion. NEB designed the experiment, helped data analysis, edited the 
manuscript and approved the final version.

Compliance with Ethical Standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Open Access This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Aldridge, M. A., Stone, K. R., Sweeney, M. H., & Bower, T. G. 
R. (2000). Preverbal children with autism understand the 
intentions of others. Developmental Science. https://doi.
org/10.1111/1467-7687.00123.

Allison, C., Baron-Cohen, S., Wheelwright, S. J., Stone, M. H., & 
Muncer, S. J. (2011). Psychometric analysis of the empathy quo-
tient (EQ). Personality and Individual Differences, 51(7), 829–
835. https://doi.org/10.1016/j.paid.2011.07.005.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/1467-7687.00123
https://doi.org/10.1111/1467-7687.00123
https://doi.org/10.1016/j.paid.2011.07.005


1724 Journal of Autism and Developmental Disorders (2018) 48:1712–1726

1 3

American Psychiatric Association. (2013). Diagnostic and statistical 
manual of mental disorders (5th edn.). Washington: American 
Psychiatric Association

Ansuini, C., Cavallo, A., Koul, A., Jacono, M., Yang, Y., & Becchio, C. 
(2015). Predicting object size from hand kinematics: A temporal 
perspective. PLoS ONE, 10(3). https://doi.org/10.1371/journal.
pone.0120432.

Atkinson, A. P. (2009). Impaired recognition of emotions from body 
movements is associated with elevated motion coherence thresh-
olds in autism spectrum disorders. Neuropsychologia, 47(13), 
3023–3029.

Baron-Cohen, S., Jolliffe, T., Mortimore, C., & Robertson, M. (1997). 
Another advanced test of theory of mind: Evidence from very high 
functioning adults with autism or asperger syndrome. Journal of 
Child Psychology and Psychiatry, and Allied Disciplines, 38(7), 
813–822. https://doi.org/10.1111/j.1469-7610.1997.tb01599.x.

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., & Plumb, I. 
(2001). The “Reading the Mind in the Eyes” test revised version: 
A study with normal adults, and adults with Asperger syndrome 
or high-functioning autism. Journal of Child Psychology and Psy-
chiatry, and Allied Disciplines, 42(2), 241–251.

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., & Club-
ley, E. (2001). The autism-spectrum quotient (AQ): Evidence 
from Asperger syndrome/high-functioning autism, males and 
females, scientists and mathematicians. Journal of Autism and 
Developmental Disorders, 31(1), 5–17. https://doi.org/10.102
3/A:1005653411471.

Behne, T. D., Carpenter, M. D., Call, J., & Tomasello, M. (2005) 
Unwilling versus unable: Infants’ understanding of intentional 
action. Developmental Psychology, 41(2), 328–337. https://doi.
org/10.1037/0012-1649.41.2.328.

Berger, N. I., & Ingersoll, B. (2014). A Further investigation of goal-
directed intention understanding in young children with autism 
spectrum disorders. Journal of Autism and Developmental Dis-
orders, 44(12), 3204–3214.

Best, C., Arora, S., Porter, F., & Doherty, M. (2015). The relationship 
between subthreshold autistic traits, ambiguous figure perception 
and divergent thinking. Journal of Autism and Developmental 
Disorders, 45(12), 4064–4073.

Bird, G., Press, C., & Richardson, D. C. (2011). The role of alexithymia 
in reduced eye-fixation in autism spectrum conditions. Journal of 
Autism and Developmental Disorders, 41(11), 1556–1564. https://
doi.org/10.1007/s10803-011-1183-3.

Boria, S., Fabbri-Destro, M., Cattaneo, L., Sparaci, L., Sinigaglia, C., 
Santelli, E., … Rizzolatti, G. (2009). Intention understanding in 
autism. PLoS ONE, 4(5).

Call, J., Hare, B., Carpenter, M., & Tomasello, M. (2004). “Unwilling” 
versus “unable”: Chimpanzees’ understanding of human inten-
tional action. Developmental Science, 7(4), 488–498. https://doi.
org/10.1111/j.1467-7687.2004.00368.x.

Call, J., & Tomasello, M. (2008). Does the chimpanzee have a theory 
of mind? 30 years later. Trends in Cognitive Sciences. https://doi.
org/10.1016/j.tics.2008.02.010.

Carpenter, M., Pennington, B. F., & Rogers, S. J. (2001). Under-
standing of others’ intentions in children with autism. Journal 
of Autism and Developmental Disorders. https://doi.org/10.102
3/A:1013251112392.

Cassidy, S., Ropar, D., Mitchell, P., & Chapman, P. (2013). Can adults 
with autism spectrum disorders infer what happened to someone 
from their emotional response? Autism Research : Official Journal 
of the International Society for Autism Research, 2013, 112–123. 
https://doi.org/10.1002/aur.1351.

Castelli, F., Frith, C., Happé, F., & Frith, U. (2002). Autism, Asper-
ger syndrome and brain mechanisms for the attribution of mental 
states to animated shapes. Brain : A Journal of Neurology, 125(Pt 
8), 1839–1849.

Castelli, F., Happé, F., Frith, U., & Frith, C. (2000). Movement and 
mind: A functional imaging study of perception and interpreta-
tion of complex intentional movement patterns. NeuroImage, 
12(3), 314–325. Retrieved from http://www.ncbi.nlm.nih.gov/
pubmed/10944414.

Chung, Y. S., Barch, D., & Strube, M. (2014). A meta-analysis 
of mentalizing impairments in adults with schizophrenia and 
autism spectrum disorder. Schizophrenia Bulletin, 40(3), 602–
616. https://doi.org/10.1093/schbul/sbt048.

Colombi, C., Liebal, K., Tomasello, M., Young, G., Warneken, F., 
& Rogers, S. J. (2009). Examining correlates of cooperation in 
autism: Imitation, joint attention, and understanding intentions. 
Autism : The International Journal of Research and Practice, 
13, 143–163. https://doi.org/10.1177/1362361308098514.

Constantino, J. N., Davis, S. a., Todd, R. D., Schindler, M. K., Gross, 
M. M., Brophy, S. L., … Reich, W. (2003). Validation of a 
brief quantitative measure of autistic traits: Comparision of the 
social responsiveness scale with the autisme diagnostic inter-
view -revised. Journal of Autism and Developmental, disorders, 
33(4), 427–433.

Dalton, K. M., Nacewicz, B. M., Johnstone, T., Schaefer, H. S., 
Gernsbacher, M. A., Goldsmith, H. H., … Davidson, R. J. 
(2005). Gaze fixation and the neural circuitry of face process-
ing in autism. Nature Neuroscience. https://doi.org/10.1038/
nn1421.

de Lange, F. P., Spronk, M., Willems, R. M., Toni, I., & Bekkering, H. 
(2008). Complementary systems for understanding action inten-
tions. Current Biology, 18, 454–457. https://doi.org/10.1016/j.
cub.2008.02.057.

Di Martino, A., Ross, K., Uddin, L. Q., Sklar, A. B., Castellanos, F. 
X., & Milham, M. P. (2009). Functional brain correlates of social 
and nonsocial processes in autism spectrum disorders: An activa-
tion likelihood estimation meta-analysis. Biological Psychiatry, 
65(1), 63–74.

Enticott, P. G., Kennedy, H., Johnston, P. J., Rinehart, N. J., Tonge, B. 
J., Taffe, J. R., & Fitzgerald, P. B. (2013). Emotion recognition of 
static and dynamic faces in autism spectrum disorder. Cognition 
& Emotion, 28(6), 1110–1118. https://doi.org/10.1080/0269993
1.2013.867832.

Frith, U. (2001). Mind blindness and the brain in autism. Neuron, 
32(6), 969–979

Frith, U., & Happé, F. (1994). Autism: Beyond “theory 
of mind.” Cognition, 50(1–3), 115–132. https://doi.
org/10.1016/0010-0277(94)90024-8.

Gallagher, H. L., Happé, F., Brunswick, N., Fletcher, P. C., Frith, U., 
& Frith, C. D. (2000). Reading the mind in cartoons and sto-
ries: An fMRI study of “theory of mind” in verbal and nonverbal 
tasks. Neuropsychologia, 38(1), 11–21. https://doi.org/10.1016/
S0028-3932(99)00053-6.

Gobbini, M. I., Koralek, A. C., Bryan, R. E., Montgomery, K. J., & 
Haxby, J. V. (2007). Two takes on the social brain: A comparison 
of theory of mind tasks. Journal of Cognitive Neuroscience, 19, 
1803–1814. https://doi.org/10.1162/jocn.2007.19.11.1803.

Happé, F. G. (1994). An advanced test of theory of mind: Understand-
ing of story characters’ thoughts and feelings by able autistic, 
mentally handicapped, and normal children and adults. Journal 
of Autism and Developmental Disorders, 24, 129–154. https://doi.
org/10.1007/BF02172093.

Holt, R. J., Chura, L. R., Lai, M.-C., Suckling, J., von dem Hagen, E., 
Calder, aJ., … Spencer, M. D. (2014a). “Reading the Mind in 
the Eyes”: An fMRI study of adolescents with autism and their 
siblings. Psychological Medicine, 44(15), 3215–3227. https://doi.
org/10.1017/S0033291714000233.

Holt, R. J., Chura, L. R., Lai, M.-C., Suckling, J., von dem Hagen, E., 
Calder, aJ., … Spencer, M. D. (2014b). “Reading the Mind in 
the Eyes”: An fMRI study of adolescents with autism and their 

https://doi.org/10.1371/journal.pone.0120432
https://doi.org/10.1371/journal.pone.0120432
https://doi.org/10.1111/j.1469-7610.1997.tb01599.x
https://doi.org/10.1023/A:1005653411471
https://doi.org/10.1023/A:1005653411471
https://doi.org/10.1037/0012-1649.41.2.328
https://doi.org/10.1037/0012-1649.41.2.328
https://doi.org/10.1007/s10803-011-1183-3
https://doi.org/10.1007/s10803-011-1183-3
https://doi.org/10.1111/j.1467-7687.2004.00368.x
https://doi.org/10.1111/j.1467-7687.2004.00368.x
https://doi.org/10.1016/j.tics.2008.02.010
https://doi.org/10.1016/j.tics.2008.02.010
https://doi.org/10.1023/A:1013251112392
https://doi.org/10.1023/A:1013251112392
https://doi.org/10.1002/aur.1351
http://www.ncbi.nlm.nih.gov/pubmed/10944414
http://www.ncbi.nlm.nih.gov/pubmed/10944414
https://doi.org/10.1093/schbul/sbt048
https://doi.org/10.1177/1362361308098514
https://doi.org/10.1038/nn1421
https://doi.org/10.1038/nn1421
https://doi.org/10.1016/j.cub.2008.02.057
https://doi.org/10.1016/j.cub.2008.02.057
https://doi.org/10.1080/02699931.2013.867832
https://doi.org/10.1080/02699931.2013.867832
https://doi.org/10.1016/0010-0277(94)90024-8
https://doi.org/10.1016/0010-0277(94)90024-8
https://doi.org/10.1016/S0028-3932(99)00053-6
https://doi.org/10.1016/S0028-3932(99)00053-6
https://doi.org/10.1162/jocn.2007.19.11.1803
https://doi.org/10.1007/BF02172093
https://doi.org/10.1007/BF02172093
https://doi.org/10.1017/S0033291714000233
https://doi.org/10.1017/S0033291714000233


1725Journal of Autism and Developmental Disorders (2018) 48:1712–1726 

1 3

siblings. Psychological Medicine, 44(15), 3215–3227. https://doi.
org/10.1017/S0033291714000233.

Hubert, B., Wicker, B., Moore, D. G., Monfardini, E., Duverger, H., 
Fonséca, D.D.,, & Deruelle, C. (2007). Brief report: Recognition 
of emotional and non-emotional biological motion in individuals 
with autistic spectrum disorders. Journal of Autism and Develop-
mental Disorders, 37(7), 1386–1392.

Hurst, R. M., Mitchell, J. T., Kimbrel, N. A., Kwapil, T. K., & Nelson-
Gray, R. O. (2007). Examination of the reliability and factor struc-
ture of the Autism Spectrum Quotient (AQ) in a non-clinical sam-
ple. Personality and Individual Differences, 43(7), 1938–1949. 
https://doi.org/10.1016/j.paid.2007.06.012.

Jolliffe, T., & Baron-Cohen, S. (1999a). The strange stories test: A 
replication with high- functioning adults with autism or asper-
ger syndrome. Journal of Autism and Developmental Disorders, 
29(5), 395–406.

Jolliffe, T., & Baron-Cohen, S. (1999b). The strange stories test: A 
replication with high-functioning adults with autism or asper-
ger syndrome. Journal of Autism and Developmental Disorders, 
29(5), 395–406.

Kana, R. K., Keller, T. A., Cherkassky, V. L., Minshew, N. J., & Just, 
M. A. (2009). Atypical frontal-posterior synchronization of The-
ory of Mind regions in autism during mental state attribution. 
Social Neuroscience, 4(2), 135–152.

Kana, R. K., Libero, L. E., Hu, C. P., Deshpande, H. D., & Colburn, J. 
S. (2014). Functional brain networks and white matter underlying 
theory-of-mind in autism. Social Cognitive and Affective Neuro-
science, 9(1), 98–105.

Keysers, C., & Gazzola, V. (2007). Integrating simulation and theory of 
mind: From self to social cognition. Trends in Cognitive Sciences. 
https://doi.org/10.1016/j.tics.2007.02.002.

Kirkovski, M., Enticott, P. G., Hughes, M. E., Rossell, S. L., & Fitzger-
ald, P. B. (2015). Atypical neural activity in males but not females 
with autism spectrum disorder. Journal of Autism and Devel-
opmental Disorders, 46(3), 954–963. https://doi.org/10.1007/
s10803-015-2639-7.

Kleinman, J., Marciano, P. L., & Ault, R. L. (2001). Advanced theory 
of mind in high-functioning adults with autism. Journal of Autism 
and Developmental Disorders, 31(1), 29–36. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/11439751.

Kliemann, D., Dziobek, I., Hatri, A., Steimke, R., & Heekeren, 
H. R. (2010). Atypical reflexive gaze patterns on emo-
tional faces in autism spectrum disorders. Journal of Neu-
roscience, 30(37), 12281–12287. https://doi.org/10.1523/
JNEUROSCI.0688-10.2010.

Klin, A., Jones, W., Schultz, R., Volkmar, F., & Cohen, D. (2002). 
Visual fixation patterns during viewing of naturalistic social 
situations as predictors of social competence in individuals with 
autism. Archives of General Psychiatry, 59(9), 809–816. https://
doi.org/10.1001/archpsyc.59.9.809.

Krassanakis, V., Filippakopoulou, V., & Nakos, B. (2014). EyeMMV 
toolbox: An eye movement post-analysis tool based on a two-step 
spatial dispersion threshold for fixation identification. Journal of 
Eye Movement Research, 7(1), 1–10. Retrieved from http://users.
ntua.gr/bnakos/Data/Section5-7/Pub_5-7-19.pdf.

Liebal, K., Colombi, C., Rogers, S. J., Warneken, F., & Tomasello, M. 
(2008). Helping and cooperation in children with autism. Journal 
of Autism and Developmental Disorders. https://doi.org/10.1007/
s10803-007-0381-5.

Liepelt, R., Cramon, D. Y., Von, & Brass, M. (2008). What is 
matched in direct matching? Intention attribution modu-
lates motor priming. Journal of Experimental Psychology. 
Human Perception and Performance, 34, 578–591. https://doi.
org/10.1037/0096-1523.34.3.578.

Lindell, A. K., Notice, K., & Withers, K. (2009). Reduced language 
processing asymmetry in non-autistic individuals with high levels 

of autism traits. Laterality, 14(5), 457–472. Retrieved from http://
www.ncbi.nlm.nih.gov/pubmed/19051130.

Lord, C., Risi, S., Lambrecht, L., Cook, E. H., Leventhal, B. L., DiLa-
vore, P. C., … Rutter, M. (2000). Autism Diagnostic Observation 
Schedule (ADOS). Journal of Autism and Developmental Disor-
ders (Vol. 30). Western Psychological Services. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/11055457.

Manera, V., Becchio, C., Cavallo, A., Sartori, L., & Castiello, U. 
(2011). Cooperation or competition? Discriminating between 
social intentions by observing prehensile movements. Experimen-
tal Brain Research, 211(3–4), 547–556. https://doi.org/10.1007/
s00221-011-2649-4.

McAleer, P., Kay, J. W., Pollick, F. E., & Rutherford, M. D. (2011). 
Intention perception in high functioning people with autism 
spectrum disorders using animacy displays derived from human 
actions. Journal of Autism and Developmental Disorders, 41(8), 
1053–1063.

McDonald, S., Bornhofen, C., Shum, D., Long, E., Saunders, C., & 
Neulinger, K. (2006). Reliability and validity of The Awareness 
of Social Inference Test (TASIT): A clinical test of social percep-
tion. Disability and Rehabilitation, 28(24), 1529–1542. https://
doi.org/10.1080/09638280600646185.

Moran, J. M., Young, L. L., Saxe, R., Lee, S. M., O’Young, D., Mav-
ros, P. L., & Gabrieli, J. D. (2011). Impaired theory of mind for 
moral judgment in high-functioning autism. Proceedings of the 
National Academy of Sciences of the United States of America, 
108(7), 2688–2692.

Murdaugh, D. L., Nadendla, K. D., & Kana, R. K. (2014). Differential 
role of temporoparietal junction and medial prefrontal cortex in 
causal inference in autism: An independent component analysis. 
Neuroscience Letters, 568, 50–55.

Nackaerts, E., Wagemans, J., Helsen, W., Swinnen, S. P., Wenderoth, 
N., & Alaerts, K. (2012). Recognizing biological motion and emo-
tions from point-light displays in autism spectrum disorders. PLoS 
ONE, 7(9), e44473.

Naish, K. R., Reader, A. T., Houston-Price, C., Bremner, A. J., & Hol-
mes, N. P. (2013). To eat or not to eat? Kinematics and muscle 
activity of reach-to-grasp movements are influenced by the action 
goal, but observers do not detect these differences. Experimen-
tal Brain Research, 225(2), 261–275. https://doi.org/10.1007/
s00221-012-3367-2.

Nijhof, A. D., Brass, M., Bardi, L., & Wiersema, J. R. (2016). Measur-
ing mentalizing ability: A within-subject comparison between an 
explicit and implicit version of a ball detection task. PLoS ONE, 
11(10). https://doi.org/10.1371/journal.pone.0164373.

O’Neal, J. (2013). Autism: In my own words. AuthorHouse. Indiana: 
Bloomington.

Oosterling, I., Roos, S., De Bildt, A., Rommelse, N., De Jonge, M., Vis-
ser, J., … Buitelaar, J. (2010). Improved diagnostic validity of the 
ADOS revised algorithms: A replication study in an independent 
sample. Journal of Autism and Developmental Disorders, 40(6), 
689–703. https://doi.org/10.1007/s10803-009-0915-0.

Papagiannopoulou, E., Chitty, K. M., Hermens, D. F., Hickie, I. B., & 
Lagopoulos, J. (2014). A systematic review and meta-analysis of 
eye-tracking studies in children with autism spectrum disorders. 
Social Neuroscience, 2014, 1–23. https://doi.org/10.1080/17470
919.2014.934966.

Pelphrey, K. A., Sasson, N. J., Reznick, J. S., Paul, G., Goldman, B. D., 
& Piven, J. (2002). Visual scanning of faces in autism. Journal 
of Autism and Developmental Disorders, 32(4), 249–261. https://
doi.org/10.1023/A:1016374617369.

Pineda, J. A., & Hecht, E. (2009). Mirroring and mu rhythm involve-
ment in social cognition: Are there dissociable subcomponents of 
theory of mind? Biological Psychology, 80(3), 306–314. https://
doi.org/10.1016/j.biopsycho.2008.11.003.

https://doi.org/10.1017/S0033291714000233
https://doi.org/10.1017/S0033291714000233
https://doi.org/10.1016/j.paid.2007.06.012
https://doi.org/10.1016/j.tics.2007.02.002
https://doi.org/10.1007/s10803-015-2639-7
https://doi.org/10.1007/s10803-015-2639-7
http://www.ncbi.nlm.nih.gov/pubmed/11439751
https://doi.org/10.1523/JNEUROSCI.0688-10.2010
https://doi.org/10.1523/JNEUROSCI.0688-10.2010
https://doi.org/10.1001/archpsyc.59.9.809
https://doi.org/10.1001/archpsyc.59.9.809
http://users.ntua.gr/bnakos/Data/Section5-7/Pub_5-7-19.pdf
http://users.ntua.gr/bnakos/Data/Section5-7/Pub_5-7-19.pdf
https://doi.org/10.1007/s10803-007-0381-5
https://doi.org/10.1007/s10803-007-0381-5
https://doi.org/10.1037/0096-1523.34.3.578
https://doi.org/10.1037/0096-1523.34.3.578
http://www.ncbi.nlm.nih.gov/pubmed/19051130
http://www.ncbi.nlm.nih.gov/pubmed/19051130
http://www.ncbi.nlm.nih.gov/pubmed/11055457
https://doi.org/10.1007/s00221-011-2649-4
https://doi.org/10.1007/s00221-011-2649-4
https://doi.org/10.1080/09638280600646185
https://doi.org/10.1080/09638280600646185
https://doi.org/10.1007/s00221-012-3367-2
https://doi.org/10.1007/s00221-012-3367-2
https://doi.org/10.1371/journal.pone.0164373
https://doi.org/10.1007/s10803-009-0915-0
https://doi.org/10.1080/17470919.2014.934966
https://doi.org/10.1080/17470919.2014.934966
https://doi.org/10.1023/A:1016374617369
https://doi.org/10.1023/A:1016374617369
https://doi.org/10.1016/j.biopsycho.2008.11.003
https://doi.org/10.1016/j.biopsycho.2008.11.003


1726 Journal of Autism and Developmental Disorders (2018) 48:1712–1726

1 3

Ponnet, K. S., Roeyers, H., Buysse, A., De Clercq, A., & Van der Hey-
den, E. (2004). Advanced mind-reading in adults with asperger 
syndrome. Autism : The International Journal of Research and 
Practice, 8(3), 249–266.

Ponnet, K. S., Roeyers, H., Buysse, A., De Clercq, A., & Van Der 
Heyden, E. (2004). Advanced mind-reading in adults with asper-
ger syndrome. Autism, 8(3), 249–266. Retrieved from http://aut.
sagepub.com/cgi/doi/10.1177/1362361304045214.

Ridley, N. J., Homewood, J., & Walters, J. (2011). Cerebellar dysfunc-
tion, cognitive flexibility and autistic traits in a non-clinical sam-
ple. Autism: The International Journal of Research and Practice, 
15(6), 728–745. Retrieved from http://www.ncbi.nlm.nih.gov/
pubmed/21690210.

Rigby, S. N., Stoesz, B. M., & Jakobson, L. S. (2016). Gaze patterns 
during scene processing in typical adults and adults with autism 
spectrum disorders. Research in Autism Spectrum Disorders. 
https://doi.org/10.1016/j.rasd.2016.01.012.

Roeyers, H.,, Ponnet, K., & Pichal, B. (2001). Buysse, a. Advancing 
advanced mind-reading tests: Empathic accuracy in adults with a 
pervasive developmental disorder. Journal of Child Psychology 
and Psychiatry, and Allied Disciplines, 42(2), 271–278.

Rosenblau, G., Kliemann, D., Heekeren, H. R., & Dziobek, I. (2015). 
Approximating implicit and explicit mentalizing with two natu-
ralistic video-based tasks in typical development and autism spec-
trum disorder. Journal of Autism and Developmental Disorders, 
45(4), 953–965. https://doi.org/10.1007/s10803-014-2249-9.

Rutherford, M. D., & Towns, A. M. (2008). Scan path differences and 
similarities during emotion perception in those with and with-
out autism spectrum disorders. Journal of Autism and Develop-
mental Disorders, 38(7), 1371–1381. https://doi.org/10.1007/
s10803-007-0525-7.

Sartori, L., Becchio, C., Bara, B. G., & Castiello, U. (2009). Does the 
intention to communicate affect action kinematics? Conscious-
ness and Cognition, 18, 766–772. https://doi.org/10.1016/j.
concog.2009.06.004.

Sartori, L., Becchio, C., & Castiello, U. (2011). Cues to intention: The 
role of movement information. Cognition, 119, 242–252. https://
doi.org/10.1016/j.cognition.2011.01.014.

Saxe, R., & Powell, L. J. (2006). It’s the thought that counts. 
Psychological Science, 17(8), 692–699. https://doi.
org/10.1111/j.1467-8616.2013.00995.x.

Schietecatte, I., Roeyers, H., & Warreyn, P. (2012). Exploring the 
nature of joint attention impairments in young children with 
autism spectrum disorder: Associated social and cognitive skills. 
Journal of Autism and Developmental Disorders, 42, 1–12. 
https://doi.org/10.1007/s10803-011-1209-x.

Schurz, M., Radua, J., Aichhorn, M., Richlan, F., & Perner, J. (2014). 
Fractionating theory of mind: A meta-analysis of functional brain 
imaging studies. Neuroscience and Biobehavioral Reviews, 42, 
9–34.

Schuwerk, T., Vuori, M., & Sodian, B. (2014). Implicit and 
explicit theory of mind reasoning in autism spectrum 

disorders: The impact of experience. Autism, 1–10. https://doi.
org/10.1177/1362361314526004.

Senju, A., Southgate, V., White, S., & Frith, U. (2009). Mindblind eyes: 
An absence of spontaneous theory of mind in Asperger syndrome. 
Science, 325(5942), 883–885.

Spek, A. A., Scholte, E. M., & Van Berckelaer-Onnes, I. A. (2010). 
Theory of mind in adults with HFA and asperger syndrome. Jour-
nal of Autism and Developmental Disorders, 40(3), 280–289.

Spezio, M. L., Adolphs, R., Hurley, R. S. E., & Piven, J. (2007). 
Analysis of face gaze in autism using “Bubbles.”. Neu-
ropsychologia, 45(1), 144–151. https://doi.org/10.1016/j.
neuropsychologia.2006.04.027.

Spunt, R. P., & Lieberman, M. D. (2012). The busy social brain: Evi-
dence for automaticity and control in the neural systems support-
ing social cognition and action understanding. Psychological Sci-
ence, 24(1), 80–86. https://doi.org/10.1177/0956797612450884.

Sterling, L., Dawson, G., Webb, S., Murias, M., Munson, J., Panagio-
tides, H., & Aylward, E. (2008). The role of face familiarity in 
eye tracking of faces by individuals with autism spectrum disor-
ders. Journal of Autism and Developmental Disorders. https://doi.
org/10.1007/s10803-008-0550-1.

Tager-Flusberg, H., & Sullivan, K. (1994). A second look at second-
order belief attribution in autism. Journal of Autism and Devel-
opmental Disorders, 24(5), 577–586. https://doi.org/10.1007/
BF02172139.

The National Autistic Society (2014). Careless campaign report. Lon-
don: The National Autistic Society.

Tottenham, N., Hertzig, M. E., Gillespie-Lynch, K., Gilhooly, T., Mill-
ner, A. J., & Casey, B. J. (2014). Elevated amygdala response to 
faces and gaze aversion in autism spectrum disorder. Social Cog-
nitive and Affective Neuroscience, 9(1), 106–117. Retrieved from 
http://scan.oxfordjournals.org/lookup/doi/10.1093/scan/nst050.

Uddin, L. Q., Iacoboni, M., Lange, C., & Keenan, J. P. (2007). The self 
and social cognition: The role of cortical midline structures and 
mirror neurons. Trends in Cognitive Sciences, 11(4), 153–157. 
https://doi.org/10.1016/j.tics.2007.01.001.

van Boxtel, J. J. A, & Lu, H. (2013). Impaired global, and compensa-
tory local, biological motion processing in people with high levels 
of autistic traits. Frontiers in Psychology, 4(April), 209. Retrieved 
from http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
3632794&tool=pmcentrez&rendertype=abstract.

Vivanti, G., Hocking, D. R., Fanning, P., & Dissanayake, C. (2016). 
Social affiliation motives modulate spontaneous learning in Wil-
liams syndrome but not in autism. Molecular Autism. https://doi.
org/10.1186/s13229-016-0101-0.

Wechsler, D. (1999). Wechsler abbreviated scale of intelligence. 
New York: The Psychological Corporation, Harcourt Brace & 
Company.

Wellman, H. M., & Liu, D. (2004). Scaling of theory-of-mind tasks. 
Child Development, 75(2), 523–541

http://aut.sagepub.com/cgi/doi/10.1177/1362361304045214
http://aut.sagepub.com/cgi/doi/10.1177/1362361304045214
http://www.ncbi.nlm.nih.gov/pubmed/21690210
http://www.ncbi.nlm.nih.gov/pubmed/21690210
https://doi.org/10.1016/j.rasd.2016.01.012
https://doi.org/10.1007/s10803-014-2249-9
https://doi.org/10.1007/s10803-007-0525-7
https://doi.org/10.1007/s10803-007-0525-7
https://doi.org/10.1016/j.concog.2009.06.004
https://doi.org/10.1016/j.concog.2009.06.004
https://doi.org/10.1016/j.cognition.2011.01.014
https://doi.org/10.1016/j.cognition.2011.01.014
https://doi.org/10.1111/j.1467-8616.2013.00995.x
https://doi.org/10.1111/j.1467-8616.2013.00995.x
https://doi.org/10.1007/s10803-011-1209-x
https://doi.org/10.1177/1362361314526004
https://doi.org/10.1177/1362361314526004
https://doi.org/10.1016/j.neuropsychologia.2006.04.027
https://doi.org/10.1016/j.neuropsychologia.2006.04.027
https://doi.org/10.1177/0956797612450884
https://doi.org/10.1007/s10803-008-0550-1
https://doi.org/10.1007/s10803-008-0550-1
https://doi.org/10.1007/BF02172139
https://doi.org/10.1007/BF02172139
http://scan.oxfordjournals.org/lookup/doi/10.1093/scan/nst050
https://doi.org/10.1016/j.tics.2007.01.001
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3632794&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3632794&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1186/s13229-016-0101-0
https://doi.org/10.1186/s13229-016-0101-0

	Abilities to Explicitly and Implicitly Infer Intentions from Actions in Adults with Autism Spectrum Disorder
	Abstract
	Introduction
	Methods
	Participants
	Psychological Tests
	Stimuli
	Experiment 1 (Implicit mentalizing): Design and Procedure
	Experiment 2 (Explicit mentalizing): Design and Procedure
	Behavioural Performance Analysis
	Eye-Tracking Analysis

	Results
	Psychological Tests
	Experiment 1
	Experiment 2

	Discussion
	Acknowledgments 
	References


