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Abstract

Autistic and non-autistic adults completed a visual perspective taking (VPT) task, reporting an object’s location from
an actor’s perspective, or their own. On half the trials the actor looked at and reached for the object, and on half did not.
Accuracy and reaction time were measured. In Experiment 1, both groups (N =34, mean age =24 years) responded slower
when reporting the actor’s perspective, with no group differences in this effect. Experiment 2 included “other” VPT trials
only. Both groups (N =30, mean age =25 years) showed sensitivity to the actor’s behaviour, more accurately reporting his
perspective when he acted upon the object. No group differences were observed. In contrast to developmental studies, these
experiments suggest similar VPT abilities in autistic and non-autistic adults.
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Introduction

Our ability to work out what people can see, or how they
see it, provides us with useful information during our social
interactions with them. It helps us to work out what they
might desire or wish to avoid, what knowledge or beliefs
they might have, and what actions they are about to perform.
In other words, visual perspective taking (VPT) is a key
component in theory of mind (ToM)—our ability to reason
about other people’s mental states in order to understand and
predict their behavior (Mitchell & Riggs, 2000). It is likely
that ToM and VPT share common cognitive processes as
they both involve the simultaneous representation of two
differing viewpoints. Thus, investigating VPT is likely to
help us develop a deeper understanding of ToM processing
in both children and adults.

VPT involves understanding that others can have a dif-
ferent perspective to one’s own: while for me my coffee cup
is currently to my right, to someone stood opposite my desk
and facing me that cup would appear to them to be on their
left. Although this may seem a trivial example, the ability
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to understand perspectives different to one’s own sits at the
core of successful social interactions.

Given that autistic individuals have difficulty understand-
ing the beliefs and desires of other people this has led to
a body of research investigating VPT in autistic children,
adolescents and adults in order to gain a better understanding
of their difficulties with social interaction and communica-
tion (for a review see Pearson et al., 2013). While some have
suggested that autistic individuals display differences and
impairments in VPT (e.g., Conson et al., 2015; Hamilton
et al., 2009; Schwarzkopf et al., 2014), the overall evidence,
particularly across development, is inconsistent (e.g., David
et al., 2010; Santiesteban et al., 2015; Zwickel et al., 2011).
The present two experiments explore VPT abilities in autis-
tic adults, investigating whether differences in VPT previ-
ously observed in autistic adolescents (Conson et al., 2015)
are also present in adulthood.

Key Distinctions and Research Topics in VPT

Researchers have drawn a distinction between level 1
and level 2 perspective taking. Level 1 perspective tak-
ing refers to understanding what another agent can see.
For example, understanding that I can see the text of the
book I am reading, but you, sat opposite me, cannot, or
understanding that while I might be able to see two pens
on my desk an observer with an obstructed view might
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only be able to see one. Level 2 perspective taking refers
to how the same object may appear differently to another
agent. For example, understanding that the number on the
table in front of us looks like a 6 to you, but a 9 to me, or
that a cup that is on my right-hand side is located on the
left-hand side of someone sat opposite me. Research into
level 2 VPT has a long history going back to Piaget and
Inhelder’s (1956) three mountains task where children of
various ages were asked to judge how an array of three
mountains would appear to another person. Level 1 and 2
VPT have different developmental time-courses with level
1 developing around 18-24 months and level 2 around
4-5 years (Flavell, 1977). Further, some have suggested
that they rely on different cognitive processes, with level
2 VPT involving a mental transformation of one’s posi-
tion in space whereas level 1 VPT may not require such a
transformation (Surtees et al., 2013a, b). We return to the
question of what cognitive strategies may underlie VPT
level 2 judgements below.

A second distinction is between explicit, or deliberate,
perspective taking and automatic, or spontaneous, perspec-
tive taking. In tasks measuring explicit perspective taking
participants are directly instructed to report the perspec-
tive of another agent or respond to instructions given from
another agent’s perspective, where that agent’s perspective
is different from that of the participant. On such tasks errors
are typically “egocentric intrusions”: participants mistak-
enly respond from their own perspective (e.g., Epley et al.,
2004; Mazzarella et al., 2012). Further, adult participants
are typically slower and more error prone when reporting
the different perspective of another agent, than when partici-
pants either (a) report their own perspective, or (b) report the
perspective of another when that perspective is the same as
the participants’ own perspective (e.g., Samson et al., 2010;
Surtees & Apperly, 2012).

In contrast to explicit perspective taking, a number of
researchers have claimed that under certain circumstances
people automatically, or spontaneously, process another
agent’s perspective in the absence of any instructions or
requirement to do so (e.g., Tversky & Hard, 2009; Samson
et al., 2010). Tasks purportedly tapping automatic perspec-
tive taking typically involve conditions in which participants
are instructed to respond from their own perspective (e.g.,
that they can see 3 dots) when there is another agent in the
visual scene. If that participant has a perspective different
to the agent (who might only be able to see 2 dots) partici-
pants tend to make more errors and are slower to respond
when reporting their own perspective, relative to conditions
in which the other agent’s perspective is consistent with
that of the participant (e.g., Samson et al., 2010; Surtees
& Apperly, 2012). This behaviour has been interpreted as
evidence for an automatic perspective taking system: out-
side of their deliberate, conscious control participants are
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processing the perspective of the other agent, to the detri-
ment of their ongoing task performance.

Other tasks provide evidence for spontaneous perspective
taking of another agent’s perspective (e.g., Conson et al.,
2017; Furlanetto et al., 2013; Mazzarella et al., 2012; Tver-
sky & Hard, 2009; Zhao et al., 2015). For example, when
presented with a picture of an object on a desk and simply
instructed to report the location of that object when there
is another person in the picture, a minority of participants
spontaneously report the location from that person’s per-
spective, and not their own (Tversky & Hard, 2009). This
suggests, at the very least, that other people’s perspectives
are salient and spontaneously accessible, even if the exact
process by which they are accessed (e.g., whether the result
of an automatic mentalising process or not) is the subject
of debate (Santiesteban et al., 2017; Heyes, 2014; Millett
et al., 2020).

Researchers have also investigated whether the behav-
iour of an agent makes participants more likely to adopt
that agent’s perspective. It has been suggested that seeing
an agent interact with an object triggers the processing of
the agent’s perspective in order to best understand and inter-
pret their behaviour (e.g., Furlanetto et al., 2013; Tversky
& Hard, 2009). For example, when an agent is looking at
and reaching for an object and participants are required to
report the location of that object, participants are more likely
to report from the other agent’s perspective relative to con-
trol conditions in which the agent is not interacting with the
object (Conson et al., 2017; Furlanetto et al., 2013; Maz-
zarella et al., 2012; Tversky & Hard, 2009). Further, when
participants are required to explicitly report the perspec-
tive of the other agent, participants make fewer egocentric
errors when the agent is reaching for the object compared to
when the agent is not (Mazzarella et al., 2012). Overall these
studies suggest that the behaviour of the agent influences
the readiness with which their perspective is processed by
participants, both in explicit and spontaneous perspective
taking tasks.

VPT Abilities in Autistic Adults: Automatic/
Spontaneous VPT

Two studies have found evidence of similar automatic
level 1 VPT performance in autistic and non-autistic adults
(Schwarzkopf et al., 2014; Tei et al., 2019), both using
the dot-task of Samson et al. (2010). In these studies both
participant groups showed slower and less accurate perfor-
mance when reporting their own perspective when another
agent in the visual scene had a different perspective (e.g.,
the participant could see three dots, but the agent only
two), relative to trials on which the other agent’s perspec-
tive was consistent with the participant’s. A third study
with the same task found similar effects for accuracy data,
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albeit no such effects for autistic participants on RT data
(Doi et al., 2020). Only one study has measured automatic
VPT level 2 performance in autistic adults. Zwickel et al.
(2011) found that both autistic and non-autistic adults
were slower and less accurate when judging the position
of an object (on the right, or on the left) from their own
perspective when another agent had a different perspec-
tive, relative to trials when the agent’s perspective was the
same as the participants. Overall, these studies suggest that
automatic VPT level 1 and level 2 abilities are similar in
both autistic and non-autistic adults.

VPT Abilities in Autistic Adults: Explicit VPT

Studies of explicit VPT level I abilities in adults have sug-
gested differences between autistic and non-autistic partici-
pants, albeit with inconsistent patterns of findings. Schwarz-
kopf et al. (2014) found that, relative to control participants,
autistic adults were slower to report another agent’s perspec-
tive compared to their own perspective. Conversely, when
using the exact same task, Tei et al. (2019) found that while
controls were slower to report the other agent’s perspective
compared to their own, the autistic group did not show any
such difference. This lack of consistency is also seen in stud-
ies measuring explicit VPT level 1 abilities using a different
task: the director task (Eack et al., 2017; Santiesteban et al.,
2015). Participants had to respond to instructions given by
another person (the director). On some trials, successful
responding required taking into account what the director
could see (e.g., responding to “hand me the apple” when
the participant could see three apples, but the director could
only see one). Thus participants had to successfully adopt
the perspective of the director in order to accurately respond
on these trials. While Santiesteban et al. (2015) found no
differences in performance between autistic and non-autistic
individuals, Eack et al. (2017) found that autistic participants
were less accurate than controls on trials which required
perspective taking relative to trials that did not.

With regard to explicit VPT level 2, there appears to be
only one study assessing autistic adults’ abilities (David
et al., 2010). Participants had to judge whether an object
appeared on the left or the right from another agent’s per-
spective. Both autistic and non-autistic adults were slower to
report the other agent’s perspective relative to reporting their
own, with no differences observed between the two groups
(David et al., 2010). In contrast, individual difference stud-
ies, albeit with the general adult population and not clinical
sub-groups, have suggested a negative relationship between
VPT level 2 performance and Autism Quotient scores (Bru-
nyé et al., 2012; Kessler & Wang, 2012). Overall, the extent
to which VPT abilities in autistic adults differ from non-
autistic controls is currently unclear (Pearson et al., 2013).

Is VPT Influenced by the Actions of the Agent
in Autistic Individuals?

No studies have investigated whether autistic adults display
differences to non-autistic controls in the extent to which
the behaviour of an agent triggers the processing of that
agent’s perspective. We address this question in the research
reported here. There is, however, one study investigating
such differences in autistic adolescents (Conson et al, 2015).
Participants had to judge the position (left or right) of a bot-
tle, either from their own perspective or the perspective of
an agent who was looking and/or reaching for the bottle. In
general, autistic participants were slower than the non-autis-
tic controls on all trial types and made more errors when
responding from their own perspective. Furthermore, and
most relevant to the present research question, for autistic
participants the actions and gaze of another agent action did
not appear to affect either accuracy or speed when judging
the position of the object from either their own perspective,
or the perspective of the other agent. For the non-autistic
control group, however, the reaching action of the agent did
affect performance. When the agent reached, non-autistic
controls were more accurate and faster to judge the position
of the bottle from the agent’s perspective. Conversely, when
non-autistic controls judged from their own perspective, and
the agent was reaching, then they were slower and made
more errors.

Conson et al. (2015) interpreted their findings in terms of
the different strategies that can be used to solve VPT level
2 tasks (Zacks & Michelon, 2005), suggesting that these
strategies varied between the autistic and non-autistic par-
ticipants (for similar recent suggestions regarding younger
autistic children’s VPT abilities see: Pearson et al., 2016; Ni
et al., 2021). One strategy, typically called an embodied ego-
centric transformation (EET: Pearson et al., 2016), involves
imagining rotating one’s own body into the position of the
other agent in order to judge their perspective. Another strat-
egy would be to mentally rotate (MR) the relevant object
or collection of objects itself through the required degree
of angle in order to judge how it appears from a different
perspective. Note the former strategy involves mentally
transforming one’s own bodily position while keeping the
relevant objects stationary, whereas the latter involves keep-
ing the representation of one’s bodily position constant while
rotating the relevant objects. These strategies might yield
broadly similar levels of performance, yet they rely on dif-
ferent cognitive processes.

It has been suggested that seeing another agent reach and
look at an object activates the processes underlying an EET
strategy, and this explains why such stimuli enhance that
processing of that other agent’s perspective in non-autistic
populations (Conson et al., 2015; Furlanetto et al., 2013;
Tversky & Hard, 2009). Observing another agent’s actions,

@ Springer



Journal of Autism and Developmental Disorders

or their possible intention to act as cued by their gaze
towards a potential goal-object, is suggested to trigger the
embodiment of their perspective in order to best understand
and interpret their current and future actions (Furlanetto
et al., 2013; Tversky & Hard, 2009). Conson et al. (2015)
therefore proposed that if autistic individuals are not using
an EET strategy, then their performance on a VPT level 2
task (judging the position—Ileft or right—of a bottle) would
not be sensitive to the presence of an agent who is looking
and/or reaching towards the relevant object. Given that this
is indeed what that authors found they suggested that autistic
adolescents were adopting a different strategy, such as an
MR strategy, while the non-autistic participants (whose VPT
performance did display sensitivity to the agent’s behaviour)
were adopting an EET strategy.

VPT Performance Across Adolescence
and Adulthood: Two Explanations and Predictions

While Conson et al. (2015) report a lack of sensitivity
in adolescents to the agent’s behaviour in a VPT task, it
is unclear if this reflects a persisting difference across the
lifespan, or rather a developmental delay that will be over-
come at some future point in development. Given that VPT
level 2 abilities, both explicit and spontaneous, appear to be
similar across autistic and non-autistic adults, how do we
square these findings with those observed by Conson et al.
(2015) with adolescents? One possibility is that the similar
levels of performance seen in the two groups in adulthood
(David et al., 2010; Zwickel et al., 2011) reflects the fact
that in autism there is a developmental change in VPT level
2 abilities—for example, a transition from an MR strategy
to the more “typical” EET strategy. In this case, one would
expect that if autistic adults were tested on a VPT task simi-
lar to that used by Conson et al. (2015), then they would
show sensitivity to the actions of another agent in their VPT
performance, and no differences in performance when com-
pared to non-autistic controls.

A second possibility is that although similar levels of per-
formance have been seen between adult autistic and non-
autistic groups on VPT level 2 tasks, this actually masks
underlying differences in strategy preference and VPT abili-
ties (cf. Pearson et al., 2016). Perhaps autistic adults, like
autistic adolescents, do not use an EET strategy by default.
Indeed, it is notable that the instructions used by David et al.
(2010) specifically highlighted the use of an EET strategy
to complete their explicit VPT level 2 task (“Imagine your-
self standing in the position of the virtual character. It is
very important to imagine your change in position!”). The
explicit instructions to use an EET strategy when adopting
the agent’s perspective could have altered strategy use away
from a MR default, resulting in better than expected VPT
performance in the autistic group, and hence no apparent
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differences between autistic and non-autistic adults (cf. Ni
et al., 2021). Thus, we might expect—in a task that does not
highlight the use of an EET strategy—that differences in
explicit VPT level 2 performance might actually be observed
between the groups of participants. Further, if autistic adults
do not use an EET strategy by default, then they would not
be predicted to show sensitivity to the actions of another
agent in their VPT performance, as reported by Conson et al.
(2015) for adolescents.

The Present Study

In the following two experiments, we address the above two
possible accounts by measuring autistic adults’ performance
(accuracy and RT) on a VPT level 2 task using neutral
instructions that did not highlight the use of any particular
strategy. Further, we varied whether the other agent in the
task looked at and reached for the object or not, in order
to assess whether autistic adults show sensitivity in their
performance on this VPT task to the agent’s behaviour. It
should be noted that across both experiments we compared
two “social cue” conditions only: a baseline no-cue condi-
tion in which the agent neither looked nor reached; and a cue
condition in which the agent both looked and reached. Given
that we were not interested in the relative salience of looking
versus reaching for triggering adoption of another perspec-
tive, but rather the sensitivity of autistic individuals’ VPT
performance to the presence of such cues in general, we did
not adopt “look but not reach” and “reach but not look™ con-
ditions as used in previous work (e.g., Conson et al., 2015;
Mazzarella et al., 2012). By comparing a minimal (actor
present, but with no cues) to a maximal (both cues) condi-
tion only, we reduced the number of required conditions for
the key comparison of interest, and thus reduced participant
fatigue and increased statistical power.

Experiment 1

Experiment 1 presented participants with both “self” and
“other” perspective judgement trials in which they had to
judge the position of a bottle (on the left or on the right) on
a table. Another agent—a male actor—sat on the opposite
side of the table, such that from his perspective the bottle
was always on a different side to that of the participant. The
actor either looked at and reached for the bottle (“cue” con-
dition) or did not (“no-cue” condition). Experiment 1 tested
two hypotheses. First, if autistic adults do have impaired
VPT level 2 performance, and the results of David et al.
(2010) are an artefact due the particular instructions used,
then one would predict that the autistic group would per-
form worse specifically on the “other” judgements relative to
non-autistic controls. Second, if autistic adults do not adopt
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an EET strategy by default, then one would predict no dif-
ference in their performance between the cue and no-cue
conditions on either “self” or “other” judgements, as has
been observed in autistic adolescents (Conson et al., 2015).
For non-autistic controls, however, the cue condition was
predicted to enhance performance when making “other”
judgements, and reduce performance when making “self”
judgements.

Methods
Participants

Twenty participants with a diagnosis of an autism spectrum
condition from a psychiatrist or clinical psychologist, based
on the International Classification of Diseases (ICD-10) cri-
teria, completed the study. Autistic participants were under-
graduates at the University of Hull and studied a range of
academic subjects, drawn from the faculties of health, sci-
ence, arts and humanities. They were invited to take part
in the study via the Disability Services at the University
and the National Autistic Society. From these 20 autistic
participants, three participants were excluded from the final
data analysis. One participant was excluded because of
abnormally slow reaction times (their average reaction time
exceeded 4000 ms: almost 2000 ms slower than then next
slowest participant). Two further participants were excluded
because of a high number of incorrect responses, with an
error rate of 50% or more in at least one condition.

The final autistic group therefore comprised 17 partici-
pants (8 females and 9 males; mean age =23 years). This
group was compared to an age-and gender-matched con-
trol group of 17 non-autistic participants (8 females and 9
males; mean age =24). There was no significant difference

Cue

in age between the autistic group and the control group,
(t(32)=.24, p=0.82). Participants in the control group were
psychology undergraduates and were invited to take part
in the study through the University of Hull, Department of
Psychology Research Participation Scheme. All participants
completed the 50-item Autism Quotient (AQ) questionnaire
(Baron-Cohen et al., 2001). As expected, the autistic group’s
AQ scores (mean =35) were significantly higher than the
control group (mean=15), t(32)=6.21, p<.001. All par-
ticipants had normal or corrected-to-normal vision and all
participants were right-handed.

Apparatus and Stimuli

The perspective-taking task was presented on a 19-inch
PC-desktop, viewed at a distance of approximately 50 cm,
using OpenSesame version 3.2.5 (Mathot et al., 2012). The
stimuli (see Fig. 1) used in the task were four grayscale pho-
tographs in which a male actor sat at a table, with a water
bottle appearing either on the left or on the right. The actor
either both looked at and reached for the bottle (cue condi-
tion), or looked straight at the camera and did not reach for
the bottle (no-cue condition). These stimuli were the same
as those used in Conson et al. (2015) Experiment 1, using
their “yes-gaze/yes-grasp” and “no-gaze/no-grasp” condi-
tions respectively. The stimuli measured 17 X 13.5 cm when
displayed on the computer screen.

Design and Procedure

The experiment had a 2X2 X2 mixed design with per-
spective (self vs. other) and social cue (no-cue vs. cue) as
repeated-measures factors and group (autistic vs. control)
as a between-subjects factor. Participants were instructed
to identify the location of the bottle in each photograph,

No-Cue

Fig. 1 Example stimuli used in Experiment 1, as used in Conson et al. (2015)
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responding either from their own perspective (self) or from
the perspective of the actor in the photograph (other). The
instructions made no reference to how participants should
approach the task, simply stating: “Your task is to view pic-
tures and identify the location of a bottle in each picture,
QUICKLY and ACCURATELY. When the word 'self’ is
presented on the screen, followed by the picture, you should
respond from your own perspective. When the word 'other’
is presented on the screen, followed by the picture, you
should respond from the actor’s perspective.”. Following
Mazzarella et al. (2012) and Conson et al. (2015), partici-
pants used a QWERTY keyboard to make their responses,
pressing “B” for left and “H” for right using their right-hand.
This procedure for responding was chosen in order to reduce
spatial compatibility effects.

In each trial in the main experimental block, participants
were first presented with a fixation cross, centrally presented
for 800 ms, followed by either the word “self” or “other”,
centrally presented for 1000 ms. After the presentation of
this word, a second fixation cross was presented for 800 ms,
followed by one of the four photographs. Photographs
remained on-screen until the participant gave their response.
Accuracy and RT were recorded for each trial.

Prior to the main experimental block of trials, participants
first completed a set of 16 practice trials (8 self trials and 8
other trials, using the same pictures as in the experimental
block). In the practice trials, the word (“self” or “other”)
was presented for 2000 ms. After the 16 practice trials, par-
ticipants received feedback on their performance (average
accuracy and RT, presented on the computer screen). These
16 trials were removed from the statistical analysis.

Following the practice trials, participants completed 80
trials in the main experimental block. Self and other trials
were presented equally within the block (40 of each), as
were cue and no-cue trials (40 of each: 20 per self/other
perspective). Whether the bottle appeared on the left or the
right was also counter-balanced within each combination of
perspective x social cue. Therefore each photograph stimulus
appeared 20 times overall, 10 times for each perspective.
The order of trials within the block was randomised, but
with a selection rule such that the same perspective was
not presented more than two consecutive times. Participants
were given the opportunity to take a break halfway through
the block.

Results

As can be seen in Figs. 2, 3, 5 and 6, in both Experiment
1 and Experiment 2, the error rate and reaction time data
violated assumptions of normality or homogeneity of vari-
ance in some instances. Given that ANOVA methods have
been demonstrated to be robust both with non-normally
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distributed data (Berkovits et al., 2000; Blanca et al., 2017,
Schmider et al., 2010) and under conditions of heterogeneity
when sample sizes are equal (Blanca et al., 2018; von Ende,
2001), we continue to report parametric statistics below.
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Where significant repeated-measures effects are observed we
also report separate comparisons within each group, which
as well as being of theoretical importance also controls for
the risk of inflated F-values due to between-group hetero-
geneity (Hertzog & Rovine, 1985). Further, we also provide
non-parametric analyses of the data from both experiments
in the supplementary information. In all cases the findings
reported in the main text ANOVAs are confirmed by non-
parametric statistics.

For Experiment 1 a 2x2x2 ANOVA was conducted,
with perspective (self vs. other) and social cue (no-cue vs.
cue) as repeated-measures factors and group (autistic vs.
control) as a between-subjects factor. Separate analyses were
run for error rate (ER) and for reaction time (RT).

Error Data

For the ER data (see Fig. 2), the 2x2x2 ANOVA did not
show any significant differences in performance across any
of the factors. There were no significant main effects for
perspective, F (1, 32)=1.64, p=.21, nP2=.049, social-
cue, F (1, 32)=.078, p=.78, np2=.002, or group, F (1,
32)=1.16,p=.29, np2 =.035. There were also no significant
two-way interactions between group and perspective, F (1,
32)=.018, p=.90, np2= .001, group and social-cue, F (1,
32)=.53,p=.47, np2 =.016, or perspective and social-cue,
F (1, 32)=.055, p=.82, np2= .002, nor was there a signifi-
cant three-way interaction between group, perspective and
social-cue, F (1,32)=1.76, p=.19, n,>=.052.

RT Data

All trials that were incorrect (9.7% of the data) and trials that
were above or below 3 SD of the participant overall mean
RT (1.2% of the data) were removed from the RT analysis.
For the remaining RT data (see Fig. 3), the 2x2x2 ANOVA
showed a significant main effect of group, F (1, 32)=8.60,
p=.006, np2= .21, with autistic participants responding
slower overall than control participants. There was also a
significant main effect of perspective, F (1, 32)=31.95,
p<.001, np2 =.50, with responses from the other perspec-
tive slower overall than responses from the self perspective.
There was no significant main effect of social cue, F (1,
32)=1.85,p=.18, npz =.055. Further, there were no signifi-
cant two-way interactions between group and perspective, F
(1,32)=2.17,p=.15, np2= .064, group and social-cue, F (1,
32)=.042,p=.84, np2 =.001, or perspective and social-cue,
F(1,32)=.65,p=.43, np2 =.020, nor was there a significant
three-way interaction between group, perspective and social-
cue, F (1,32)= 48, p=.49,n,>=.015.

While there was no significant interaction between
group and perspective, paired t-tests were conducted sepa-
rately within each group to check that the difference in RT

between self and other perspectives was significant within
both the autistic and control groups. When collapsing mean
RTs across both levels of the social-cue factor, responses
from the other perspective were slower than responses from
the self perspective within both the autistic group (mean
diff =382 ms), t (16)=3.66, p=.002, d=.89 and the control
group (mean diff =226 ms), t (16)=6.27, p<.001, d=1.52.

Discussion

This experiment addressed two hypotheses. First, whether
autistic adults would show worse performance, relative to
non-autistic controls, specifically on the “other” judge-
ments on a VPT level 2 task, with neutral instructions that
did not emphasise the use of any particular strategy. Here
we observed no such differences between the groups: both
groups showed slower performance when judging another
person’s perspective relative to when judging their own per-
spective. There was no evidence that the size of this effect
varied between the two groups. This is consistent with per-
formance observed by David et al. (2010), ruling out the
possibility that performance seen in David et al. (2010)
between their autistic and non-autistic groups was caused
by instructions emphasising an EET strategy.

While both groups in Experiment 1 were slower on
“other” judgements compared to “self” judgements, the
autistic group was slower overall when compared to the non-
autistic group on both types of judgement. Longer response
times in general are not typically observed in autistic adults
on VPT tasks (e.g., David et al., 2010; Schwarzkopf et al.,
2014; Tei et al., 2019), though in other domains it has been
suggested that they display a slower, more deliberative
response style (e.g., Brosnan et al., 2016). It is plausible
that the general slowing in response times by the autistic
group in Experiment 1 reflects differences in domain-general
processes, such as executive functions. Our task required
participants to switch between “self” and “other” judge-
ments: in such a design participants are required to monitor
on every trial which type of judgement they are required to
make, with the two different judgements requiring opposite
responses (when the bottle was on the left for a “self” judge-
ment, it was therefore on the right for an “other” judgement).
This would have drawn upon participants’ executive func-
tions, such as cognitive flexibility, inhibition and working
memory, which are known to be impaired in autistic individ-
uals (for a recent meta-analysis, see Demetriou et al., 2018).
We return to this issue in the general discussion.

Experiment 1 also aimed to test whether autistic adults
show sensitivity to the actions of another agent during a VPT
task. However, the data here are unable to address that hypoth-
esis. While the autistic group did not show any differences
in performance according to whether the actor looked and
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reached for the object or not, the non-autistic control group
did not display any predicted differences across the social cue
conditions either. This lack of an effect of social cue even in
the control group is in contrast to the effects reported by Maz-
zarella et al. (2012) and Conson et al. (2015) using a similar
type of task. This failure to replicate those effects requires
further consideration.

One explanation could be that Experiment 1 used inter-
leaved “self” and “other” trials within blocks. This practice
is common in other studies of VPT, both in studies with non-
autistic adults alone (e.g., Samson et al., 2010) and in those
with autistic participants (e.g., Schwarzkopf et al., 2014; Tei
etal., 2019; Doi et al., 2020). However, it is notable that those
studies that specifically assess the effects of an agent’s look-
ing and reaching have either separately blocked the “self” and
“other” trials (Conson et al., 2015; Mazzarella et al., 2013), or
used only one type of judgement within a single experiment
(Mazzarella et al., 2012). As noted above, interleaving “‘self”
and “other” trials in Experiment 1 would have placed demands
upon participants’ cognitive flexibility, inhibition and working
memory. Such demands may have led both groups of partici-
pants to neglect processing of the social cues, and therefore led
to the lack of any effect of those cues upon their performance.
Experiment 2 addressed this possible explanation.

Experiment 2

In Experiment 2, participants completed the “other” judge-
ment condition only, thus following the design of Mazza-
rella et al. (2012), who first reported the effects of another
agent’s actions upon explicit perspective taking in adults.
We did not include a separate “self”” judgement condition in
Experiment 2 for both practical and theoretical reasons. First,
in order to follow the design of Mazzarella et al. (2012) the
inclusion of an additional “self” judgement condition would
have required a between-subjects design. Given the difficul-
ties inherent in recruiting autistic participants, we would have
faced substantial difficulties recruiting sufficient numbers for
such a design. Second, where differences have been reported
between autistic and non-autistic groups on VPT performance,
this has tended to be in conditions requiring explicit perspec-
tive taking (i.e., “other” judgements: see Schwarzkopf et al.,
2014). Autistic and non-autistic adults tend to show similar
automatic VPT performance (i.e., effects of another agent’s
conflicting perspective upon “self” perspective judgements:
see Zwickel et al., 2011; Schwarzkopf et al., 2014; Tei et al.,
2019). Experiment 2 therefore included only the “other” judge-
ment condition, in order to test whether autistic adults show
sensitivity to the actions of another agent when making such
VPT judgements.
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Methods
Participants

Sixteen participants with a diagnosis of an autism spectrum
condition from a psychiatrist or clinical psychologist, based
on the International Classification of Diseases (ICD-10) cri-
teria, completed the study. None had participated in Experi-
ment 1. They were undergraduates at the University of Hull
and studied a range of academic subjects, drawn from the
faculties of health, science, arts and humanities. They were
invited to take part in the study via the Disability Services
at the University, the National Autistic Society and a local
autism charity. From these 16 autistic participants, one par-
ticipant was excluded from the final data analysis because
they had misunderstood the task.

The final autistic group therefore comprised 15 partici-
pants (10 females and 5 males; mean age =25 years). This
group was compared to an age-and gender-matched con-
trol group of 15 non-autistic participants (10 females and 5
males; mean age =26). There was no significant difference
in age between the groups, (t(28)=.06, p=.95). Participants
in the control group were psychology undergraduates invited
to take part in the study through the University of Hull,
Department of Psychology Research Participation Scheme.
None had participated in Experiment 1. All participants were
screened with the 50-item Autism Quotient (AQ) question-
naire (Baron-Cohen et al., 2001). As expected, the autistic
group’s AQ scores (mean =36) were significantly higher
than those of the control group (mean=13), t(28)=7.40,
p <.001. All participants had normal or corrected-to-normal
vision and all participants were right-handed.

Apparatus and Stimuli

The perspective-taking task was presented using the same
computer, screen and software as in Experiment 1. As in
Experiment 1, the stimuli used in the task (see Fig. 4) were
four grayscale photographs in which a male actor sat at a
table, with a water bottle appearing either on the left or on
the right. The actor either both looked at and reached for
the bottle (cue condition), or looked straight at the cam-
era and did not reach for the bottle (no-cue condition). The
stimuli measured 23 X 18 cm when displayed on the com-
puter screen.

Design and Procedure

The experiment had a 2 X 2 mixed design with social cue (no-
cue vs. cue) as a repeated-measures factor and group (autistic
vs. control) as a between-subjects factor. Participants were
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Cue

Fig.4 Example stimuli used in Experiment 2

instructed to identify the location of the bottle in each pho-
tograph, responding from the perspective of the actor in the
photograph (i.e., all trials were “other” perspective trials). Par-
ticipants used a QWERTY keyboard to make their responses,
pressing “B” for left and “H” for right using their right-hand.

In each trial, participants were first presented with a fixa-
tion cross, centrally presented for 800 ms, followed by one
of the four photographs. Photographs remained on-screen
until the participant gave their response. Participants were
instructed to respond as quickly and as accurately as they
could. Accuracy and RT were recorded for each trial.

Prior to the main experimental block of trials, partici-
pants first completed a set of 8 practice trials. After these
8 practice trials, participants received feedback on their
performance (average accuracy and RT, presented on the
computer screen). These 8 trials were removed from the
statistical analysis.

Following the practice trials, participants completed 60
trials in the main experimental block. Cue and no-cue tri-
als were presented equally within the block (30 of each).
Whether the bottle appeared on the left or the right was
counter-balanced within each social cue condition. There-
fore each photograph stimulus appeared 15 times overall.
The order of trials within the block was randomised. Par-
ticipants were given the opportunity to take a break halfway
through the block.

Results

A 2x2 ANOVA was conducted, with social cue (no-cue vs.
cue) as a repeated-measures factor and group (autistic vs.
control) as a between-subjects factor. Separate analyses were
run for error rate (ER) and for reaction time (RT).

No-Cue

Error Data

For the ER data (see Fig. 5), the 2x2 ANOVA showed a sig-
nificant main effect of social-cue, F (1, 28)=7.81, p=.009,
np2 =.22, with fewer errors in the cue condition than in the
no-cue condition. There was no significant main effect of
group, F (1, 32)=.26, p=.62, np2 =.009, and no significant
interaction between group and social-cue, F (1, 32)=.68,
p=.42,n,>=.024.
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While there was no significant interaction between group
and social-cue, paired t-tests were conducted separately
within each group to check whether the difference in ER
between cue and no-cue conditions was significant within
both the autistic and control groups. This difference was
marginally significant within both the autistic group (mean
diff=0.013), t (14)=2.10, p=.054, d=.54, and the control
group (mean diff =0.024), t (14)=2.05, p=.060, d=.53.

RT Data

All trials that were incorrect (4.1% of the data) and trials that
were above or below 3 SD of the participant overall mean
RT (2.2% of the data) were removed from the RT analysis.
For the remaining RT data (see Fig. 6), the 2x2 ANOVA did
not show any significant differences in performance across
any of the factors. There were no significant main effects for
social-cue F (1, 28)=1.98, p=.17, np2= .0606, or group, F
(1,28)=.11,p=.74, np2 =.004, and there was no significant
interaction between group and social-cue, F (1, 28) =1.48,
p=.23,7,7=.050.

Discussion

In Experiment 2 participants completed “other” perspec-
tive judgement trials only, following the design of Maz-
zarella et al. (2012). A main effect of social cue was
observed across all participants: when the actor looked at
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and reached towards the object, participants made fewer
egocentric errors when adopting his perspective. This
matches the findings of Mazzarella et al. (2012), who also
found an effect of social cue upon error rate, but not RT.
There was no evidence for any differences in performance
between autistic and non-autistic participants, either in
terms of accuracy or RT. Together, these findings are con-
sistent with our explanation of performance in Experiment
1 above: when the task demands of switching between
perspectives were removed in Experiment 2, autistic par-
ticipants no longer showed any differences in RT relative
to the control group, and across both groups an effect of
social cue emerged.

The effect of social cue on accuracy was marginally
significant within both separate groups of participants. If
sensitivity to another agent’s actions when adopting their
perspective is to be interpreted as a hallmark of using an
EET strategy, as has been claimed by Conson et al. (2015),
then Experiment 2 suggests that autistic adults, like non-
autistic adults, do adopt an EET strategy on this type of
VPT task.

A potential challenge to the conclusion presented here
should be addressed. As an anonymous reviewer pointed
out, it might be argued that attentional cueing mechanisms
were responsible for the social cueing effect observed in
Experiment 2—especially since the social cue was argu-
ably more salient than the cue used in Experiment 1 (the
reaching of the actor was more obviously seen). Perhaps
this attentional cueing, coupled with a participant strategy
of ‘respond from my own perspective but press the oppo-
site button’ might have given rise to the main of effect of
social cueing. There are, however, two reasons to doubt
such an interpretation. First, we did not find, nor did pre-
vious research using almost identical stimuli (Mazzarella
et al, 2012), that grasping actions facilitated faster detec-
tion of a bottle—there was no effect of social cue in our
reaction time data. Second, even if the actor grasping did
facilitate attentional cueing in the absence of a reaction
time advantage, the error rate data speak against this inter-
pretation. Our participants made fewer errors on social-cue
trials than on no-cue trials. If participants were minded
to respond from their own perspective (but deliberately
pressing the opposite button), then we would surely predict
that an attentional cue to a specific location from their own
perspective would lead to more errors on social-cue trials,
or at the very least no difference in error rates across trial
types. We would not predict fewer errors. We therefore
suggest, in agreement with the wider literature using this
type of laterality judgement VPT task (e.g., Conson et al.,
2015, 2017; David et al., 2010; Mazzarella et al., 2012),
that participants were adopting the perspective of the actor
during this task and this process was facilitated by the
social cue of the actor reaching for the object.
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General Discussion

Overall, Experiments 1 and 2 found no evidence that on
VPT level 2 tasks autistic adults show different levels of
performance, or adopt different strategies, compared to
non-autistic controls. Both groups showed slower perfor-
mance on “other” judgements compared to “self” judge-
ments in Experiment 1, as has been previously found by
David et al. (2010). While David et al. (2010) used explicit
instructions to adopt an EET strategy, in Experiment 1 the
instructions to participants were neutral. That the results
of Experiment 1 and David et al. (2010) align suggests
that the lack of any group differences between autistic and
non-autistic adults observed in David et al. (2010) can-
not be explained by autistic participants benefiting from
the explicit guidance to use an EET strategy. Instead, the
results of Experiment 1 and David et al. (2010) taken
together suggest that explicit VPT level 2 abilities do not
differ in autistic and non-autistic adults.

In Experiment 1 autistic participants responded slower
than non-autistic controls in both “self” and “other” condi-
tions. We suggested that this slower responding was due
to the executive demands placed upon participants by the
interleaving of “self” and “other” trials. In Experiment
2 such demands were removed by including “other” tri-
als only. Here no group differences in RT were observed,
consistent with our explanation for the general slower
responding observed in Experiment 1.

Experiment 2 further addressed whether autistic adults
adopt an EET strategy to solve this type of VPT task. Over-
all, participants in Experiment 2 showed better perspec-
tive taking when the actor looked at and reached for the
object, with no evidence that this effect differed between
both groups of participants. It has been claimed that see-
ing another agent direct an action towards an object trig-
gers a spontaneous embodiment of their perspective in an
attempt to interpret and respond to their actions (Furlanetto
et al., 2013; Tversky & Hard, 2009). As such, better VPT
performance when observing another agent act has been
interpreted as evidence that participants are using an EET
strategy on a VPT task (Conson et al., 2015). Indeed, if
participants were solving the VPT task in Experiment 2 by
instead mentally rotating the table with the bottle on it and
then responding according to where the bottle now appeared
from their own perspective, then it is difficult to explain why
such a process would benefit from observing the actor reach
for the bottle. If both autistic and non-autistic participants
do adopt the same strategy on this type of VPT task, then
this is consistent with the overall lack of group differences
observed in both Experiment 1 and David et al. (2010).

Our findings from Experiment 2 differ to those reported
by Conson et al. (2015) who found little evidence that the

VPT performance in autistic adolescents was sensitive to
the actions of the other agent. They interpreted their find-
ings as evidence that autistic adolescents do not use an
EET strategy on this type of task. We consider two pos-
sible explanations for the difference between their findings
and ours.

First, this difference may reflect a genuine developmen-
tal change in VPT abilities. Plausibly, autistic children and
adolescents may initially adopt a non-EET strategy such
as MR, and later in development shift to an EET strategy.
Alternatively, though not mutually exclusive to a shift in
strategy-use, developmental change may occur in the abil-
ity to process the actions of other agents (Kaiser & Pelfrey,
2012), allowing such actions to be processed as relevant to
perspective taking. Other closely related theory of mind abil-
ities appear to show similar patterns, in which initial differ-
ences in an ability between autistic and non-autistic children
reduce with age. While performance on classic theory of
mind tasks is different in young autistic children compared
to non-autistic controls (e.g., the false belief task: Baron-
Cohen et al., 1985), these children and adolescents do show
developmental changes in theory of mind abilities as they
get older (Scheeren et al., 2013; Steele et al., 2003), with the
pattern of these changes suggesting a delayed, rather than a
deviated, course of development, at least in high-functioning
autism (Hoogenhout & Malcolm-Smith, 2014).

Second, it might be the case that the findings of Conson
et al. (2015) underestimated VPT performance in autistic
adolescents. Conson et al. (2015) used five different cue
conditions, and participants completed two different tasks
(i-e., “self” and “other” judgements), albeit blocked, where
in any given block they had to perform the opposite response
to that in the previous block. In comparison to Experiment
2, therefore, the stimulus variability and task demands in
Conson et al. (2015) would have been higher. While the
non-autistic group did still demonstrate the expected effect
of actor actions upon their VPT performance, it could have
been the case that the autistic group were more affected by
those task demands. Given the known impairments in execu-
tive functions in autistic individuals (Demetriou et al., 2018),
resolving those task demands could have reduced available
attentional resources for processing the actions of the actor.
If one were to use a simplified design in which participants
responded to fewer cue conditions and completed only one
task with those stimuli, as in Experiment 2, it is possible
that autistic adolescents might then display sensitivity to the
actions of the actor in their VPT performance.

While Experiment 1 and 2 found no evidence for group
differences on VPT level 2 performance, we would, how-
ever, caution against concluding that in all instances autistic
adults display similar VPT level 2 abilities to non-autistic
adults. While the task used in Experiment 2 was one adopted
from previous VPT research (Mazzarella et al., 2012), it is
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a relatively simple task with low task demands, requiring
participants to repeat the same judgement on a limited set of
stimuli. As such, the simplicity and repetitive nature of this
task might have allowed autistic participants to consciously
adopt an efficient EET strategy that they otherwise might not
have done with a more complicated or less repetitive task.
For example, VPT tasks requiring a single, spontaneous
judgement without instruction to take a particular perspec-
tive, such as that used by Tversky and Hard (2009), might
reveal differences in performance between autistic and non-
autistic adults.

Moreover, the experiments reported here, and in both
David et al. (2010) and Zwickel et al. (2011) all use the
same type of VPT level 2 decision: judging whether an
object appears on the left or the right. It has been ques-
tioned whether this type of spatial judgement involves the
same perspective taking processes as other VPT level 2
tasks (Pearson et al., 2013; but see Surtees et al., 2013a,
b). Different tasks, such as those requiring judgement of
an ambiguous stimulus (e.g., the number ‘6’) that can be
perceived differently from different perspectives (e.g.,
Zhao et al., 2015), might produce different results to those
reported here. Further, it remains to be seen whether there
are robust, consistent differences in the VPT level 1 abilities
of autistic adults (Eack et al., 2017; Santiesteban et al., 2015;
Schwarzkopf et al., 2014; Tei et al., 2019). Finally, while
we have focused here on the effects of looking and reaching
upon VPT, other researchers have investigated the role that
an agent’s emotions might play in triggering perspective tak-
ing (Zwickel & Miiller, 2010), including in other participant
groups with known theory of mind deficits (e.g., alcoholics:
Cox et al., 2016, 2018). We would encourage future research
that explores the performance of autistic individuals across
the full range of VPT tasks used in the literature, before
drawing firm conclusions as to whether their VPT abilities
do, or do not, differ from non-autistic controls.

It is also important to consider the extent to which per-
formance of our autistic groups in Experiments 1 and 2 is
specific to our particular autistic sample. What remains to be
explored is the extent to which the VPT performance in our
autistic adults might be limited to a high functioning subset
of autistic individuals (cf. Scheeren et al., 2013). Indeed,
simply by attending university our autistic sample already
represent a minority of individuals with an autism diagnosis
(Helles et al., 2016; Newman et al., 2011). Future research
should explore whether factors such as level of education or
specific autistic diagnostic categories predict VPT abilities
across the full range of the autism spectrum.

Finally, we have interpreted the effects of the actor’s
looking and reaching upon VPT performance as indicative
of participants using an EET strategy. This interpretation
follows how such effects have been explained in the VPT
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literature (Furlanetto et al., 2013; Tversky & Hard, 2009)
and how the absence of such effects has been interpreted
in other studies with autistic participants (Conson et al.,
2015). However, the link between sensitivity to another
agent’s behaviour when making a VPT judgement, and
the actual cognitive processes engaged by that judgement
(e.g., MR or EET), is currently more based on theoretical
interpretations than a substantial body of empirical evi-
dence. Future research could more directly measure strat-
egy use by, for example, correlating performance on MR
and bodily transformation tasks with VPT performance
in both autistic and non-autistic adults, as has been done
with young children (Pearson et al., 2014; for similar argu-
ments see also Pearson et al., 2016). Indeed, if sensitivity
to social cues is to be interpreted as a measure of EET
strategy use, then it would be valuable to know whether
the magnitude of the social cue effect within participants
(i.e., the extent to which a given participant’s perspective
taking performance is affected by seeing an actor reach for
an object) correlates with measures such as their bodily
transformation abilities (cf. Pearson et al., 2016) and other
suggested indices of EET strategy use (e.g., the extent to
which one’s own body position affects VPT performance:
Surtees et al., 2013a, b). Such data would allow for firmer
conclusions regarding the exact processes underlying the
effects reported here, and a better understanding of the
implications of such conclusions with respect to the profile
of VPT abilities in autistic adults.

To sum up: across two experiments, we investigated
autistic and non-autistic adults visual perspective taking
abilities—reporting the location of an object from their
own perspective, or that of an actor. Both groups showed
sensitivity to the behaviour of the actor, more accurately
reporting his perspective when he was grasping and gaz-
ing toward the object compared to when he was not. In
contrast to the recent findings of Conson et al. (2015) no
group differences were observed, adding to the growing
literature suggesting similar VPT level 2 abilities in autis-
tic and non-autistic adults.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10803-022-05480-8.

Acknowledgments We would like to thank the Disability Services at
the University of Hull, the National Autistic Society and Matthew’s
Hub, Hull for their support with participant recruitment and all partici-
pants for supporting this research. We also thank Massimiliano Conson
for sharing the stimuli used in Experiment 1 and Michael Lupton for
his help in preparing the OpenSesame experiment scripts.

Author Contributions All authors contributed to the study concep-
tion and design, data analysis and interpretation, and writing of the
manuscript. Preparation of the study materials and data collection were
performed by JLP.


https://doi.org/10.1007/s10803-022-05480-8

Journal of Autism and Developmental Disorders

Declarations

Conflict of interest The authors have no conflicts of interest to declare
that are relevant to the content of this article.

Ethical Approval This study was performed in line with the principles
of the Declaration of Helsinki. Approval was granted by the local ethics
committee at the University of Hull.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic
child have a “theory of mind”? Cognition, 21(1), 37-46.

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., & Clubley,
E. (2001). The autism-spectrum quotient (AQ): Evidence from
asperger syndrome/high-functioning autism, malesand females,
scientists and mathematicians. Journal of Autism and Develop-
mental Disorders, 31(1), 5-17.

Blanca, M., Alarcon, R., Arnau, J., Bono, R., & Bendayan, R. (2017).
Non-normal data: Is ANOVA still a valid option? Psicothema,
29(4), 552-557.

Blanca, M. J., Alarcén, R., Arnau, J., Bono, R., & Bendayan, R. (2018).
Effect of variance ratio on ANOVA robustness: Might 15 be the
limit? Behavior Research Methods, 50(3), 937-962.

Berkovits, 1., Hancock, G. R., & Nevitt, J. (2000). Bootstrap resampling
approaches for repeated measure designs: Relative robustness to
sphericity and normality violations. Educational and Psychologi-
cal Measurement, 60(6), 877-892.

Brosnan, M., Lewton, M., & Ashwin, C. (2016). Reasoning on the
autism spectrum: A dual process theory account. Journal of
Autism and Developmental Disorders, 46(6), 2115-2125.

Brunyé, T. T., Ditman, T., Giles, G. E., Mahoney, C. R., Kessler, K., &
Taylor, H. A. (2012). Gender and autistic personality traits pre-
dict perspective-taking ability in typical adults. Personality and
Individual Differences, 52(1), 84-88.

Conson, M., Mazzarella, E., Esposito, D., Grossi, D., Marino, N.,
Massagli, A., & Frolli, A. (2015). “Put myself into your place”:
Embodied simulation and perspective taking in autism spectrum
disorders. Autism Research, 8(4), 454—466.

Conson, M., Salzano, S., Frolli, A., & Mazzarella, E. (2017). The peer’s
point of view: Observing a peer performing an action enhances
third-person perspective in adolescents. Journal of Adolescence,
56, 84-90.

Cox, S., Chandler, C., Simpson, A., & Riggs, K. (2016). The effect of
alcohol dependence on automatic visuo-spatial perspective taking.
Drug and Alcohol Dependence, 166, 21-25.

Cox, S., Maurage, P., O’Connor, R., Chandler, C., & Riggs, K. (2018).
Automatic visual-spatial perspective taking in alcohol-depend-
ence: A study with happy emotional faces. Drug and Alcohol
Dependence, 190, 42-45.

David, N., Aumann, C., Bewernick, B. H., Santos, N. S., Lehnhardt, F.
G., & Vogeley, K. (2010). Investigation of mentalizing and visuos-
patial perspective taking for self and other in Asperger syndrome.
Journal of Autism and Developmental Disorders, 40(3), 290-299.

Demetriou, E. A., Lampit, A., Quintana, D. S., Naismith, S. L., Song,
Y.J.C., Pye, J. E., ... & Guastella, A. J. (2018). Autism spectrum
disorders: a meta-analysis of executive function. Molecular psy-
chiatry, 23(5), 1198-1204.

Doi, H., Kanai, C., Tsumura, N., Shinohara, K., & Kato, N. (2020).
Lack of implicit visual perspective taking in adult males with
autism spectrum disorders. Research in Developmental Disabili-
ties, 99, 103593.

Eack, S. M., Wojtalik, J. A., Keshavan, M. S., & Minshew, N. J. (2017).
Social-cognitive brain function and connectivity during visual
perspective-taking in autism and schizophrenia. Schizophrenia
Research, 183, 102-109.

Epley, N., Morewedge, C. K., & Keysar, B. (2004). Perspective taking
in children and adults: Equivalent egocentrism but differential
correction. Journal of Experimental Social Psychology, 40(6),
760-768.

Flavell, J. H. (1977). The development of knowledge about visual per-
ception. University of Nebraska Press.

Furlanetto, T., Cavallo, A., Manera, V., Tversky, B., & Becchio, C.
(2013). Through your eyes: Incongruence of gaze and action
increases spontaneous perspective taking. Frontiers in Human
Neuroscience, 7, 455.

Hamilton, A. F. D. C., Brindley, R., & Frith, U. (2009). Visual perspec-
tive taking impairment in children with autistic spectrum disorder.
Cognition, 113(1), 37-44.

Helles, A., Gillberg, I. C., Gillberg, C., Billstedt, E., & Wallinius, M.
(2016). Asperger syndrome in childhood—personality dimensions
in adult life: Temperament, character and outcome trajectories.
Bjpsych Open, 2(3), 210-216.

Hertzog, C., & Rovine, M. (1985). Repeated-measures analysis of vari-
ance in developmental research: Selected issues. Child Develop-
ment, 56(4), 787-809.

Heyes, C. (2014). Submentalizing: I am not really reading your mind.
Perspectives on Psychological Science, 9(2), 131-143.

Hoogenhout, M., & Malcolm-Smith, S. (2014). Theory of mind in
autism spectrum disorder: Does DSM classification predict devel-
opment? Research in Autism Spectrum Disorders, 8(6), 597-607.

Kaiser, M. D., & Pelphrey, K. A. (2012). Disrupted action perception in
autism: Behavioral evidence, neuroendophenotypes, and diagnos-
tic utility. Developmental Cognitive Neuroscience, 2(1), 25-35.

Kessler, K., & Wang, H. (2012). Spatial perspective taking is an
embodied process, but not for everyone in the same way: Differ-
ences predicted by sex and social skills score. Spatial Cognition
& Computation, 12(2-3), 133-158.

Mathét, S., Schreij, D., & Theeuwes, J. (2012). OpenSesame: An
open-source graphical experiment builder for the social sciences.
Behavior Research Methods, 44(2), 314-324.

Mazzarella, E., Hamilton, A., Trojano, L., Mastromauro, B., & Conson,
M. (2012). Observation of another’s action but not eye gaze trig-
gers allocentric visual perspective. Quarterly Journal of Experi-
mental Psychology, 65(12), 2447-2460.

Mazzarella, E., Ramsey, R., Conson, M., & Hamilton, A. (2013). Brain
systems for visual perspective taking and action perception. Social
Neuroscience, 8(3), 248-267.

Millett, A. C., D’Souza, A. D., & Cole, G. G. (2020). Attribution
of vision and knowledge in ‘spontaneous perspective taking.’
Psychological Research Psychologische Forschung, 84(6),
1758-1765.

@ Springer


http://creativecommons.org/licenses/by/4.0/

Journal of Autism and Developmental Disorders

Mitchell, P., & Riggs, K. J. (2000). Children’s reasoning and the mind.
Psychology Press.

Newman, L., Wagner, M., Knokey, A. M., Marder, C., Nagle, K.,
Shaver, D., & Wei, X. (2011). The post-high school outcomes of
young adults with disabilities up to 8 years after high school: A
report from the national longitudinal transition study-2 (NLTS2).
NCSER 2011-3005. National Center for Special Education
Research.

Ni, P, Xue, L., Cai, J., Wen, M., & He, J. (2021). Improving visual
perspective-taking performance in children with autism spectrum
conditions: Effects of embodied self-rotation and object-based
mental rotation strategies. Autism, 25(1), 125-136.

Pearson, A., Marsh, L., Ropar, D., & Hamilton, A. (2016). Cognitive
Mechanisms underlying visual perspective taking in typical and
ASC children. Autism Research, 9(1), 121-130.

Pearson, A., Ropar, D., & Hamilton, A. F. D. (2013). A review of
visual perspective taking in autism spectrum disorder. Frontiers
in Human Neuroscience, 7, 652.

Pearson, A., Marsh, L., Hamilton, A., & Ropar, D. (2014). Spatial
transformations of bodies and objects in adults with autism spec-
trum disorder. Journal of Autism and Developmental Disorders,
44(9), 2277-2289.

Piaget, J., & Inhelder, B. (1956). The child’s concept of space. Rout-
ledge & Paul.

Samson, D., Apperly, I. A., Braithwaite, J. J., Andrews, B.J., & Bod-
ley Scott, S. E. (2010). Seeing it their way: Evidence for rapid
and involuntary computation of what other people see. Journal of
Experimental Psychology: Human Perception and Performance,
36(5), 1255-1266.

Santiesteban, I., Kaur, S., Bird, G., & Catmur, C. (2017). Attentional
processes, not implicit mentalizing, mediate performance in a
perspective-taking task: Evidence from stimulation of the tem-
poroparietal junction. Neurolmage, 155, 305-311.

Santiesteban, 1., Shah, P., White, S., Bird, G., & Heyes, C. (2015).
Mentalizing or submentalizing in a communication task? Evi-
dence from autism and a camera control. Psychonomic Bulletin
& Review, 22(3), 844-849.

Scheeren, A. M., de Rosnay, M., Koot, H. M., & Begeer, S. (2013).
Rethinking theory of mind in high-functioning autism spectrum
disorder. Journal of Child Psychology and Psychiatry, 54(6),
628-635.

Schmider, E., Ziegler, M., Danay, E., Beyer, L., & Biihner, M. (2010).
Reinvestigating the robustness of ANOVA against violations of
the normal distribution assumption. Methodology, 6(4), 147-151.

Schwarzkopf, S., Schilbach, L., Vogeley, K., & Timmermans, B.
(2014). “Making it explicit” makes a difference: Evidence for a

@ Springer

dissociation of spontaneous and intentional level 1 perspective
taking in high-functioning autism. Cognition, 131(3), 345-354.

Steele, S., Joseph, R. M., & Tager-Flusberg, H. (2003). Brief report:
Developmental change in theory of mind abilities in children with
autism. Journal of Autism and Developmental Disorders, 33(4),
461-467.

Surtees, A. D., & Apperly, I. A. (2012). Egocentrism and automatic
perspective taking in children and adults. Child Development,
83(2), 452-460.

Surtees, A., Apperly, I., & Samson, D. (2013a). Similarities and differ-
ences in visual and spatial perspective-taking processes. Cogni-
tion, 129(2), 426-438.

Surtees, A. D. R., Apperly, I. A., & Samson, D. (2013b). The use of
embodied self-rotation for visual and spatial perspective-taking.
Frontiers in Human Neuroscience, 7, 698.

Tei, S., Fujino, J., Itahashi, T., Aoki, Y., Ohta, H., Kubota, M., ... &
Takahashi, H. (2019). Egocentric biases and atypical generosity in
autistic individuals. Autism Research, 12(11), 1598-1608.

Tversky, B., & Hard, B. M. (2009). Embodied and disembodied cog-
nition: Spatial perspective-taking. Cognition, 110(1), 124-129.

von Ende, C. N. (2001). Repeated-measures analysis. In S. M. Scheiner
& J. Gurevitch (Eds.), Design and analysis of ecological experi-
ments (pp. 134—157). Oxford University Press.

Zacks, J. M., & Michelon, P. (2005). Transformations of visuospatial
images. Behavioral and Cognitive Neuroscience Reviews, 4(2),
96-118.

Zhao, X., Cusimano, C., & Malle, B. F. (2015). In search of triggering
conditions for spontaneous visual perspective taking. In: D. C.
Noelle, R. Dale, A. S. Warlaumont, J. Yoshimi, T. Matlock, C. D.
Jennings, & P. P. Maglio (Eds.), Proceedings of the 37th annual
meeting of the cognitive science society (pp. 2811-2816). Austin:
Cognitive Science Society.

Zwickel, J., & Miiller, H. J. (2010). Observing fearful faces leads to
visuo-spatial perspective taking. Cognition, 117(1), 101-105.

Zwickel, J., White, S. J., Coniston, D., Senju, A., & Frith, U. (2011).
Exploring the building blocks of social cognition: Spontaneous
agency perception and visual perspective taking in autism. Social
Cognitive and Affective Neuroscience, 6(5), 564-571.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Autistic Adults Show Similar Performance and Sensitivity to Social Cues on a Visual Perspective Taking Task as Non-autistic Adults
	Abstract
	Introduction
	Key Distinctions and Research Topics in VPT
	VPT Abilities in Autistic Adults: AutomaticSpontaneous VPT
	VPT Abilities in Autistic Adults: Explicit VPT
	Is VPT Influenced by the Actions of the Agent in Autistic Individuals?
	VPT Performance Across Adolescence and Adulthood: Two Explanations and Predictions
	The Present Study

	Experiment 1
	Methods
	Participants
	Apparatus and Stimuli
	Design and Procedure

	Results
	Error Data
	RT Data

	Discussion
	Experiment 2
	Methods
	Participants
	Apparatus and Stimuli
	Design and Procedure

	Results
	Error Data
	RT Data

	Discussion
	General Discussion
	Acknowledgments 
	References




