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Abstract

-Nigel T. M. Chen'%3 . Marita Falkmer'>* . Sven Bélte'*>® . Sonya Girdler'-2

Understanding the underlying visual scanning patterns of individuals with autism spectrum disorder (ASD) during the pro-
cessing of complex emotional scenes remains limited. This study compared the complex emotion recognition performance
of adults with ASD (n=23) and matched neurotypical participants (n=25) using the Reading the Mind in Films Task.
Behaviourally, both groups exhibited similar emotion recognition accuracy. Visual fixation time towards key social regions
of each stimuli was examined via eye tracking. Individuals with ASD demonstrated significantly longer fixation time towards
the non-social areas. No group differences were evident for the facial and body regions of all characters in the social scenes.
The findings provide evidence of the heterogeneity associated with complex emotion processing in individuals with ASD.
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Social communication is a multifaceted process, under-
pinned by fundamental skills including the interpretation
of the emotional states and thoughts of others (Adolphs
2001; Frith and Blakemore 2006). Recognition of expressed
emotions involves integrating nonverbal and verbal cues,
including facial expressions, body gestures, contextual cues
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and vocal prosody (Borod et al. 2000). The developmen-
tal course of emotion processing typically begins in early
infancy with individuals continuing to develop their emotion
recognition repertoire with age (Durand et al. 2007). Infants
between 4—7 months have the emerging ability to recognise
happy and sad (Walker-Andrews 1998; Young-Browne et al.
1977). By the age of 10, children have mostly achieved adult
level proficiency in emotion recognition ability (Mondloch
et al. 2003). As individuals progress into adolescence and
adulthood, they gradually develop efficiency in processing
increasingly complex emotions.

Atypical emotion recognition processing is postulated
to underpin the social communication difficulties observed
in autism spectrum disorders (ASD) (Baron-Cohen 2004;
Williams and Gray 2013). Behavioural studies investigat-
ing the emotion processing abilities of individuals with
ASD across the developmental trajectory, report a lack of
progressive increase in maturation of emotion recognition
abilities among individuals with ASD compared to neu-
rotypical individuals (Lozier et al. 2014). While reduced
emotion recognition accuracy has been reported from basic
(Bolte and Poustka 2003; Eack et al. 2015; Falkmer et al.
2011; Griffiths et al. 2017; Uljarevic and Hamilton 2013) to
complex emotions among individuals with ASD with nor-
mal intellectual functioning (Fridenson-Hayo et al. 2016;
Golan et al. 2006a), some studies report comparable emotion
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recognition performance to neurotypical controls (Castelli
2005; Leung et al. 2013). The heterogeneity in the current
literature limits our ability to delineate the precise develop-
mental course of emotion processing in ASD. Discrepancies
in these findings are likely due to variations in experimental
demands and demographic factors (Harms et al. 2010). For
instance, studies assessing the recognition of basic emotions
often yield mixed findings, with some reporting comparable
recognition in individuals with ASD (McCabe et al. 2013;
Spezio et al. 2007) and others observing decreased basic
emotion recognition accuracy for individuals with ASD
(Berggren et al. 2016; Falkmer et al. 2011). Other studies
suggested emotional valence influences emotion recognition
performance in ASD with differing accuracy in negatively
valanced emotions, but not positive basic emotions (Ashwin
et al. 2006). There is evidence of a selective impairment in
emotions with briefer presentation duration, suggesting a
delayed spontaneous processing of emotional expressions
for individuals with ASD (Clark et al. 2008).

Variation in stimulus presentation may offer another
explanation of the heterogeneous findings reported in the
current literature (Harms et al. 2010; Nuske et al. 2013).
Contemporary emotion recognition experimental designs in
ASD have largely focused on presenting static and typical
basic emotions, with few studies employing dynamic stimuli
with naturalistic elements. Static prototypical stimuli may
not accurately reflect the demands of everyday social inter-
actions, which often require rapid processing of multiple
social cues. This would be in line with previous research
comparing the performance of people with ASD and neu-
rotypical controls on both static and dynamic emotional
stimuli, concluding that emotion recognition accuracy dur-
ing viewing of dynamic stimuli has more consistently dif-
ferentiated these groups (Cassidy et al. 2015; Chevallier
et al. 2015). Neuroimaging studies have reported differential
neuro activation amongst individuals with ASD when pre-
sented with dynamic relative to static expressions, with the
former reporting reduced activation in social brain regions
such as the amygdala and fusiform gyrus (Pelphrey et al.
2007). A more nuanced understanding of the multimodal
emotion processing abilities of individuals with ASD may
depend on additional research employing more ecologically
valid stimuli.

To date, previous ASD related research adopting dynamic
naturalistic stimuli has predominantly focussed on evaluat-
ing impairments in mentalising or theory of mind (Mathersul
et al. 2013; Miiller et al. 2016; Murray et al. 2017; Rosenblau
et al. 2015) with comparably fewer studies utilising dynamic
naturalistic stimuli specifically in the context of emotion rec-
ognition. One such assessment is the Reading the Mind in
Films Task (RMFT). This task examines the ability to iden-
tify complex emotional concepts from video clips of social
scenes. Previous work using the RMFT has observed impaired
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emotion recognition accuracy in children and adults with high
functioning ASD compared to neurotypical controls (Golan
et al. 2006b, 2008). While this research suggests that ASD may
be associated with difficulties in the ability to extract complex
emotional information from social scenes, further exploration
of the underlying mechanisms contributing to this impairment
is warranted (Bird et al. 2011; Klin et al. 2002; Nakano et al.
2010).

Eye tracking may provide valuable insights into the visual
processing mechanisms underpinning the emotion recognition
performance of individuals with ASD. Systematic reviews in
this area report collective evidence for divergent gaze pat-
terns towards facially expressed emotions and eye avoidance
amongst adults with ASD (Black et al. 2017; Harms et al.
2010). However, findings from eye tracking studies in ASD
are somewhat inconsistent, a pattern linked to factors such as
heterogeneity in study design and participant demographics
(Guillon et al. 2014). While some research report that ado-
lescents and adults with ASD have reduced eye gaze towards
dynamic faces and social stimuli compared to neurotypical
controls (Bird et al. 2011; Klin et al. 2002), others report simi-
lar visual scanning patterns when comparing participants with
and without ASD (Kuhn et al. 2010; Nakano et al. 2010). The
role of atypical gaze strategies in contributing to ASD-linked
difficulties in recognising complex emotional information from
naturalistic social contexts needs to be further understood.

The present study therefore sought to examine the visual
processing mechanisms of adults with ASD during the rec-
ognition of complex emotional concepts presented within
naturalistic social scenes. In light of previous research (Golan
et al. 2006b), we administered the RMFT to adults with ASD
and neurotypical controls. Eye gaze was recorded throughout
this assessment, enabling comparison of the visual processing
mechanisms of both groups. Specifically, it was hypothesised
that

(1) Adults with ASD compared to neurotypical adults
would be less accurate in recognising the complex
emotional concepts presented in social scenes.

(2) Adults with ASD compared to neurotypical adults
would exhibit reduced percentage of fixation time
towards target characters (i.e. the subject of the emo-
tional information) and greater fixation time towards
non-social display regions for each social scene.

Methods
Participants
Adults with ASD and neurotypical adults were recruited via

the Curtin University Autism Research Group community
pool and local service providers throughout Perth, Western



Journal of Autism and Developmental Disorders (2019) 49:4009-4018

401

Australia. Participants with ASD had a confirmed diagnosis
of ASD based on consensus from a multidisciplinary team,
Asperger’s syndrome (AS), or Pervasive developmental
disorder—Otherwise not specified (PDD-NOS) as speci-
fied under the Diagnostic and Statistical Manual of Mental
Disorders-5 (DSM-5) (American Psychiatric Association
2013) or according to the previous DSM-IV diagnostic cri-
teria (American Psychiatric Association 2000). At present,
diagnostic processes involving assessments within multidis-
ciplinary team is considered the ‘goal standard’ for autism
diagnosis in Australia (Whitehouse et al. 2018). Participants
with ASD diagnosed with significant neurodevelopmental
and/or mental health disabilities, such as intellectual disabil-
ity, epilepsy and bipolar disorder were excluded. Neurotypi-
cal adults with no history of neurodevelopmental disorder
or current psychiatric diagnoses, scoring below the clinical
cut-off (raw score of 68) for autistic traits measured using
the adult self-report Social Responsiveness Scale (SRS-2)
(Constantino and Gruber 2011) were eligible for inclusion.
All participants were required to have sufficient understand-
ing of verbal and written English language, and normal
or corrected vision. In total, 69 individuals were initially
recruited for this study. Twelve adults with ASD were sub-
sequently excluded, due to the absence of a confirmed ASD
diagnosis (n=2), significant comorbidities (intellectual dis-
ability, n=2; bipolar disorder, n=1), technical issues dur-
ing data recording (n=>5), or eye tracking calibration failure
(n=2). Nine neurotypical adults were excluded for scoring
above the SRS-2 cut-off for clinically significant symptoms
(n=35) and technical issues in data recording (n=4). Neu-
rotypical adults were matched with the participants with
ASD according to age, gender, Verbal Comprehension
Index (VCI), Perceptual Reasoning Index (PRI) and Full
Scale Intelligence Quotient (FS-IQ) (Wechsler 2011). The
final sample included 23 adults with ASD (age M =25.81,
SD =9.91 years) and 25 matched neurotypical adults (age
M=27.31, SD=9.00 years). Table 1 summarises the partici-
pants’ demographic characteristics. This study was approved
by the Human Research Ethics Committee at Curtin Univer-
sity, Perth, Western Australia (Approval Number: 52/2012).

Measures
Social Responsiveness Scale—Second Edition

The Social Responsiveness Scale—Second edition (SRS-2)
Adult Self Report (Constantino and Gruber 2011) screens
for autistic trait severity, consisting of 65 four-point Likert
scaled items relating to five dimensions; social awareness,
social cognition, social communication, social motivation
and restricted interests and repetitive behaviours. Total raw
scores above 67 indicate mild to severe autism symptomol-
ogy. The SRS-2 has demonstrated excellent internal consist-
ency (r,=.94-.96), good test—retest reliability (r,,=.88-.95)
and reliability coefficients (r,=.61-.92) (Bruni 2014), and
is validated cross culturally (Bolte, Poustka and Constantino
2008).

Wechsler Abbreviated Scale of Intelligence—Second
Edition

The Wechsler Abbreviated Scale of Intelligence—Second
edition (WASI-2) (Wechsler 2011) is the abbreviated version
of the Wechsler Adult Intelligence Scale—Fourth edition,
assessing general cognitive abilities across verbal reason-
ing (vocabulary and similarities) and perceptual reasoning
(Block Design and Matrix Reasoning). The WASI-2 has
shown excellent internal consistency (r,=.90-.92), sta-
bility coefficients (r,=.83-.94) and inter-rater reliability
(r;,=.94-.99) (McCrimmon and Smith 2012).

Reading the Mind in Films Task

The Reading the Mind in Films-Adult Task (RMFT) pro-
vides an ecologically valid assessment of complex emotion
recognition skills (Golan et al. 2006b), comprising of 22
social scenes taken from four movies. Each scene conveys
an emotional state of a specified character within varying
social contexts. For example, social scenes range in num-
ber of characters (one to five main characters) and settings
(home and public settings). Prior to watching each scene, a

Table 1 Participants

ASD adults (n=23)

Neurotypical adults (n=25)

characteristics
Mean (SD) Range Mean (SD) Range p-value
Age (years) 25.27 (8.86) 18.15-50.75 27.31 (9.00) 19.36-54.75 .33
Gender (male/female) 18/5 - 19/6 - .50
SRS raw score 79.25 (26.50) 48.00-136.00  38.17 (16.53) 15.00-65.00 <.01%*
Verbal 1Q 101.45 (12.54)  73.00-119.00  102.96 (11.72)  85.00-121.00 .55
Performance IQ 106.55 (18.89)  61.00-137.00  107.71 (14.07)  76.00-135.00 .64
Full scale IQ 104.30 (13.50)  72.00-130.00  106.00 (11.68)  79.00-130.00 .47

*indicates significant results
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target character is specified with participants requested to
identify the character’s expressed emotion at the end of the
scene. All film clips include the dialogue associated with the
original movie clip. After watching each film clip, a ques-
tion slide with four multiple choice options appeared and
participants were requested to indicate which emotion best
represents the emotion of the target character at the end of
the scene by pressing a key on a keyboard.

Apparatus

Eye tracking data was recorded using the SensoMotoric
Instruments 60 Hz remote eye tracker (RED), a stationary
contact-free device, capturing movements within a 40 X 20 cm
range at a distance of 70 cm. The RED recording unit was
integrated with two external devices, a laptop controlling
data acquisition and a 40 inch television screen for stimuli
presentation. The experimental setup was managed via SMI
Experiment Centre and presented in 800 X 600 pixels. IViewX
in 60 Hz managed the eye movement data acquisition.

Procedure

Following completion of socio-demographic questionnaires
and screening assessments, participants were oriented to the
eye tracker and completed a five-point calibration protocol.
Since the RMFT was sampled from four featured movies and
series, participants firstly indicated whether they had previ-
ously watched any of these films. All participants confirmed
that they were naive to all four movies. Verbal instructions
were then provided followed by one practice trial. The ques-
tion slide orienting the participants to a target character and
four multiple choice options was shown prior to each video
clip. This was followed by a one second fixation cross and
the video clip. After presenting the video clip, the ques-
tion slide was presented for a second time and participants
were asked to indicate their answer on the keyboard before
moving on to the next question. The presentation order for

Atthe end of the scene, how s the younger man
feeing?

Fixation
Cross

Question
slide

Fig.1 Order of presentation for each question in Reading in the
Mind in Films task. (1) Question slide, (2) fixation cross to validate
the eye tracking recording, (3) video, (4) question slide was presented
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each task is shown in Fig. 1. No restriction was placed on
response time. All participants were provided with a handout
with a list of definitions of each emotion.

Data Preparation

Behavioural and eye tracking data output was obtained from
SMI BeGaze software and managed using SPSS Version 24.
Trials were excluded from analysis if the eye tracker failed
to detect any gaze throughout the trial. Percentage accu-
racy scores were calculated by summing the total number of
correct responses divided by the number of included trials.
Gaze measures were derived from correct response trials
only, in order to conduct a direct observation of instances
when the emotion recognition occurred.

Participants with calibration data exceeding 1.5 visual
angle were excluded from the analysis. Fixations were defined
as gaze samples held within 1° visual angle for a minimum
duration of 100 ms (Falkmer et al. 2008). Rectangular areas
of interests were then dynamically defined over the facial and
body regions of the ‘target character’ (central character identi-
fied in the video) and ‘other characters’ (supporting characters
in the video scene). An example of the defined areas of inter-
ests is shown in Fig. 2. A fifth interest area ‘elsewhere’ was
defined as the remaining areas of the display not occupied by
the other interest areas. For each video, the total fixation time
to each interest area was then calculated as a percentage rela-
tive to the video duration. From this, the average percentage of
fixation time was then derived for the ‘target character face’,
‘target character body’ ‘other character face’ ‘other character
body’ and ‘elsewhere’ areas of interest.

Statistical Analysis

Group characteristics between ASD and neurotypical adults
were compared using an independent ¢ test for continuous
data. To determine if the distribution of gender between
groups matched, gender comparison was analysed using Chi

Question
slide

the second time and participants recorded their answers (Golan et al.
2006a; 2006b, p. 116)
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Fig.2 Example of defined area of interests, ‘target character face’, ‘target character body’, ‘other character face’, ‘other character body’. Areas
outside of the defined area of interests were specified as ‘elsewhere’ (Golan et al. 2006a; 2006b, p. 116)

square test. Greenhouse—Geisser correction was applied for
analyses violating the assumption of sphericity. Partial eta
squared, n* was reported for effect size calculations, with
alpha value, o applied at p=0.05.

Results
Emotion Recognition Accuracy

Emotion recognition accuracy was analysed using one-way
analysis of variance (ANOVA) to determine group differ-
ences between participants with and without ASD. No sig-
nificant group differences in emotion recognition accuracy,
were found F(1,45.06)=0.22, p=0.64, partial n2 =0.01.
Participants with ASD had a similar performance to the
neurotypical participants in recognising complex emo-
tions (ASD, M =55.50%, SD=15.10; TD, M=57.45%,
SD=13.82).

Percentage Fixation Time
To examine the group differences in fixation time, a group

(ASD vs. neurotypicals) by 5 area of interests (target charac-
ter face vs. other character face vs. target character body vs.

other character body vs. elsewhere) factorial repeated meas-
ures ANOVA was conducted. As Mauchly’s Test of Sphe-
ricity indicated a violation of the assumption of sphericity,
X2(9) =152.75, p<0.01, Greenhouse—Geisser correction
was applied. Analysis revealed a main effect of area of inter-
est, F(1.6, 28979.38)=146.93, p <0.01, partial n>=0.76,
which importantly was qualified by a significant group by
area of interest interaction, F(1.6, 732.09)=3.71, p=0.04,
partial n°=0.08.

Follow up pairwise comparisons with Bonfer-
roni adjustments indicated that participants with ASD
(M=20.24%, SD=14.73) compared to neurotypical par-
ticipants (M =13.38%, SD=6.21) had an increased fixa-
tion time towards ‘elsewhere’, p=0.04 (Fig. 3). There was
a near significant trend, indicating participants with ASD
(M=39.14%, SD =11.65) had reduced fixation time towards
‘target character face’ compared to neurotypical adults
(M=45.68%, SD=11.50), p=0.06. No other group differ-
ences in fixation time was found.
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Discussion

The current study investigated the gaze strategies of adults
with ASD and neurotypical controls during the processing
of complex emotional content in naturalistic social scenes.
The findings revealed an interesting contrast between the
emotion recognition performance and the visual processing
mechanisms employed by each group. While participants
with ASD demonstrated comparable emotion recognition
performance to controls, there was evidence of divergent
gaze patterns towards non-social information. These findings
offer insights into the possible visual processing strategies
adopted by individuals with ASD during the processing of
social information and recognition of complex emotional
social scenes.

This study predicted that adults with ASD would be less
accurate in recognising complex emotions presented in a
dynamic ecologically valid assessment, a hypothesis consist-
ent with previous research (Golan et al. 2006b, 2008; Miiller
et al. 2016). This prediction was however not supported,
with comparable performance observed across adults with
ASD and their neurotypical peers in emotion recognition

accuracy. These findings suggest that adults with ASD with
normal to above intelligence quotients have an intact ability
to recognise emotions during the viewing of social scenes
(Gepner et al. 2001; Hillier and Allinson 2002; Tracy et al.
2011), and that emotion recognition difficulties may not be
universally present in ASD (Nuske et al. 2013).

It is possible that certain methodological factors may have
contributed to the discrepancies in emotion recognition accu-
racy findings between the current study and those of Golan
et al. (2006b). Previous research indicates that the emotion
recognition difficulties of individuals with ASD becomes
increasingly apparent during tasks with increasing complex-
ity (Harms et al. 2010; Nuske et al. 2013). The presence of
complex emotions presented in an ecologically valid manner
suggest that the RMFT should be sufficiently complex for
adults with ASD. The RMFT contains four multiple choice
options, reducing the probability of individuals performing
above chance levels, as evident in this study. In addition,
no ceiling effect was observed for either group. Despite the
advantages of the RMFT, an absence of difference in emotion
recognition accuracy suggest that the RMFT may not be suf-
ficiently complex to illicit differences in emotion recognition

60.007]

50.007

40.007]

30.007

20.00+

Mean percentage fixation time

10.007

0.00

Target character Other character Target character Other character
face face body

Group

[INeurotypicals
Autism

Elsewhere
body

Area of interests
Error Bars: +/- 2 SE

Fig.3 Average proportion fixation time across all area of interest, target character face, target character body, other character face, other charac-

ter body and elsewhere in adults with ASD and neurotypicals
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performance between individuals with ASD and neurotypical
individuals. A previous review reported emotion recognition
deficits in ASD typically appear during tasks with increas-
ing attentional and cognitive demands, including tasks pro-
viding explicit prompting of the presented emotion (Nuske
et al. 2013). Guided by the previous experimental protocol
of the RMFT, this task is explicit in its presentation of social
scenarios, with scenarios bookended by questions such as,
“At the end of the scene, how is the younger man feeling?”
presented before and after the social scenario. These ques-
tions explicitly direct participants towards the central charac-
ter within a scenario and may serve to alleviate some of the
cognitive demand associated with emotion processing (Klin
2000), possibly enabling the participants with ASD to cor-
rectly recognise the emotion. Pre-prompting was previously
reported to improve the emotion recognition performance and
alter the visual search patterns in ASD, reducing the deviance
observed between individuals with ASD and neurotypical
individuals (Joosten et al. 2016; Kliemann et al. 2013; Senju
2013). Additionally, the RMFT presented response items in
a multiple choice format, allowing an unrestricted time to
respond, possibly alleviating some of the cognitive demand
associated with the processing requirements of these tasks
(Clark et al. 2008; Klin 2000; Nuske et al. 2013; Tardif et al.
2007). Further insights may be gained from designs which
impose time constraints on response time and present vary-
ing, and even open ended response formats.

The eye tracking measurements obtained in this study
revealed that in comparison to controls, the individuals
with ASD spent a greater percentage of time fixating on the
non-social regions of the scenes, which were perhaps more
peripheral in conveying emotional tone. No other signifi-
cant results in eye gaze was found, although one trend was
observed suggesting that individuals with ASD may have
spent less time processing the target characters, who were
the subject of the emotional content of each scene. These
findings are consistent with research reporting that individu-
als with ASD direct less of their visual attention towards
socially salient stimuli (Chita-Tegmark 2016; Guillon et al.
2014) and may not prioritise social information as neurotypi-
cal individuals (Sato et al. 2017).

Interestingly, the evident atypical visual processing of
social stimuli was observed in conjunction with compara-
ble behavioural performance. This combination of results
suggests that the individuals with ASD may have poten-
tially employed altered processing strategies during emo-
tion recognition (Harms et al. 2010). Given that comparable
visual attention was found for body and increased fixation
time towards ‘elsewhere’, it is possible that the participants
with ASD were utilising other visual modalities such as
body language or contextual cues to successfully infer the
emotional state of the target character. Consistent with this
notion, previous studies have reported that individuals with

ASD may show comparable recognition of body language,
but reduced recognition of facially expressed emotion, sug-
gesting varying emotion recognition abilities in individuals
with ASD across different modalities (Nuske et al. 2013;
Peterson et al. 2015). Future research might experimentally
manipulate these regions, such as through occlusion, exam-
ining the differential impact this has on the performance of
individuals with ASD, compared to controls. Findings from
this study highlight the need to further explore the potential
role of altered processing style employed by individuals with
ASD during the processing of naturalistic social emotional
information. Future research may seek to further explore
why atypical gaze patterns present in the absence of a con-
current emotion recognition difficulties.

Dynamic ecologically valid assessments such as the
RMEFT presents social information with visual and auditory
information, permitting the evaluation of multisensory inte-
gration abilities of participants with ASD in understanding
emotion cues (Magnée et al. 2011). While adults with ASD
demonstrated intact emotion recognition behavioural perfor-
mance, differences in eye tracking results observed between
adults with ASD and neurotypical adults suggests altered
audio-visual processing strategy in ASD. It is plausible that
individuals with ASD may draw on auditory information
when interpreting complex social emotional scenarios (Rice
et al. 2012). However, since unimodal visual versus audi-
tory processing was not investigated, conclusive evidence
on individual with ASD’s ability in audio-visual processing
could not to be determined in this study. Research examining
the effect of separating the visual and auditory information
presented in the RMFT on the performance of individuals
with ASD relative to neurotypical controls may provide fur-
ther insights in audio-visual processing and emotion recog-
nition abilities in individuals with ASD.

Limitations

The RMFT employed in the current study, presented vid-
eos of social scenarios with visual and auditory information
varying in nuanced emotional tone. The ecological validity
of this task represents a strength of the present work in ena-
bling unique insights into how complex emotional content
may be extracted from naturalistic social situations, provid-
ing understanding towards the nature of emotion processing
for adults with ASD. However, limitations of the present
study are also acknowledged, including the nature of the
clinical sample used. For the present study, all participants
with ASD may be considered higher-functioning as they all
exhibited normative levels of verbal and intellectual ability.
It is possible that this may have contributed to the higher lev-
els of emotion recognition accuracy observed for this group
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(Harms et al. 2010). Caution in the generalisation of the
present findings is therefore warranted, given the nature of
the clinical sample used. While the present findings suggest
that ASD is associated with altered attentional processing of
social emotional scenes, it is noted that only a modest sam-
ple size was collected for the present study. Future research
may seek to determine whether the present findings may be
replicated across larger samples.

Conclusion

In summary, the present study provided evidence that the
recognition of complex emotional concepts may be intact for
adults with ASD, in response to the viewing of naturalistic
social scenarios. Concurrent findings of aberrant gaze behav-
iour for these individuals however, points towards an altered
processing style compared to neurotypical perceptions of
social salience. This study provides understanding of the emo-
tion recognition mechanisms which may characterise ASD.

Acknowledgments The researchers would like to extend our gratitude
to the participants for the time and effort taken to participate in this
study as well as Melissa Black, who assisted in data collection.

Author Contributions JT conceptualised and designed the study,
involved in data collection, analysed and interpreted the data, and
contributed to drafting the article. NC conceptualised and designed
the study, analysed and interpreted the data and critically revised the
draft. MF conceptualised and designed the study, interpreted the data,
and revised the draft. SB revised and critically contributed to the intel-
lectual content of the article. SG conceptualised and designed the study,
interpreted the data and critically revised the article. All authors con-
tributed to and have approved the final manuscript.

Funding This research is supported by the Cooperative Research Cen-
tre for Living with Autism (Autism CRC) [Project Number 3.032RS],
established and supported under the Australian Government’s Coopera-
tive Research Centres Program. JT is supported through an Australian
Government Research Training Program Scholarship.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of
interest. SB reports no direct conflict of interest related to this article.
SB discloses that he has in the last 5 years acted as an author, consult-
ant or lecturer for Shire, Medice, Roche, Eli Lilly, Prima Psychiatry,
GLGroup, System Analytic, Kompetento, Expo Medica, and Prophase.
He receives royalties for text books and diagnostic tools from Huber/
Hogrefe, Kohlhammer and UTB.

References

Adolphs, R. (2001). The neurobiology of social cognition. Current
Opinion in Neurobiology, 11(2), 231-239. https://doi.org/10.1016/
S0959-4388(00)00202-6.

@ Springer

American Psychiatric Association. (2000). Diagnostic and statistical
manual of mental disorders. Washington, DC: American Psychi-
atric Association.

American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (S5th ed.). Washington, DC: American
Psychiatric Association.

Ashwin, C., Chapman, E., Colle, L., & Baron-Cohen, S. (2006).
Impaired recognition of negative basic emotions in autism: A test
of the amygdala theory. Social Neuroscience, 1(3—4), 349-363.
https://doi.org/10.1080/17470910601040772.

Baron-Cohen, S. (2004). The cognitive neuroscience of autism. Journal
of Neurology, Neurosurgery and Psychiatry, 75(7), 945-948. https
://doi.org/10.1136/jnnp.2003.018713.

Berggren, S., Engstrom, A. C., & Bolte, S. (2016). Facial affect rec-
ognition in autism, ADHD and typical development. Cognitive
Neuropsychiatry, 21(3), 213-227. https://doi.org/10.1080/13546
805.2016.1171205.

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.

Black, M. H., Chen, N. T. M, Iyer, K. K., Lipp, O. V., Bolte, S., Falk-
mer, M., et al. (2017). Mechanisms of facial emotion recognition
in autism spectrum disorders: Insights from eye tracking and elec-
troencephalography. Neuroscience and Biobehavioral Reviews,
80, 488-515. https://doi.org/10.1016/j.neubiorev.2017.06.016.

Bolte, S., Poustka, F., & Constantino, J. N. (2008). Assessing autis-
tic traits: Cross-cultural validation of the Social Responsive-
ness Scale (SRS). Autism Research, 1(6), 354-363. https://doi.
org/10.1002/aur.49.

Borod, J. C., Pick, L. H., Hall, S., Sliwinski, M., Madigan, N., Obler, L.
K., et al. (2000). Relationships among facial, prosodic, and lexical
channels of emotional perceptual processing. Cognition and Emo-
tion, 14(2), 193-211. https://doi.org/10.1080/026999300378932.

Bruni, T. P. (2014). Test review: Social responsiveness scale-second
edition (SRS-2). Journal of Psychoeducational Assessment, 32(4),
365-369. https://doi.org/10.1177/0734282913517525.

Bolte, S., & Poustka, F. (2003). The recognition of facial affect in
autistic and schizophrenic subjects and their first-degree relatives.
Psychological Medicine, 33(5), 907-915. https://doi.org/10.1017/
S0033291703007438.

Cassidy, S., Mitchell, P., Chapman, P., & Ropar, D. (2015). Process-
ing of spontaneous emotional responses in adolescents and adults
with autism spectrum disorders: Effect of stimulus type. Autism
Research, 8(5), 534-544. https://doi.org/10.1002/aur.1468.

Castelli, F. (2005). Understanding emotions from standardized facial
expressions in autism and normal development. Autism, 9(4),
428-449. https://doi.org/10.1177/1362361305056082.

Chevallier, C., Parish-Morris, J., McVey, A., Rump, K. M., Sasson,
N. J., Herrington, J. D, et al. (2015). Measuring social attention
and motivation in autism spectrum disorder using eye-tracking:
Stimulus type matters. Autism Research, 8(5), 620-628. https://
doi.org/10.1002/aur.1479.

Chita-Tegmark, M. (2016). Social attention in ASD: A review and
meta-analysis of eye-tracking studies. Research in Devel-
opmental Disabilities, 48, 79-93. https://doi.org/10.1016/j.
ridd.2015.10.011.

Clark, T. F., Winkielman, P., & MclIntosh, D. N. (2008). Autism and the
extraction of emotion from briefly presented facial expressions:
Stumbling at the first step of empathy. Emotion, 8(6), 803—809.
https://doi.org/10.1037/a0014124.

Constantino, J. N., & Gruber, C. P. (2011). Social Responsiveness
Scale, second edition (SRS-2). Torrance: Western Psychological
Services.

Durand, K., Gallay, M., Seigneuric, A., Robichon, F., & Baudouin, J.-Y.
(2007). The development of facial emotion recognition: The role


https://doi.org/10.1016/S0959-4388(00)00202-6
https://doi.org/10.1016/S0959-4388(00)00202-6
https://doi.org/10.1080/17470910601040772
https://doi.org/10.1136/jnnp.2003.018713
https://doi.org/10.1136/jnnp.2003.018713
https://doi.org/10.1080/13546805.2016.1171205
https://doi.org/10.1080/13546805.2016.1171205
https://doi.org/10.1007/s10803-011-1183-3
https://doi.org/10.1007/s10803-011-1183-3
https://doi.org/10.1016/j.neubiorev.2017.06.016
https://doi.org/10.1002/aur.49
https://doi.org/10.1002/aur.49
https://doi.org/10.1080/026999300378932
https://doi.org/10.1177/0734282913517525
https://doi.org/10.1017/S0033291703007438
https://doi.org/10.1017/S0033291703007438
https://doi.org/10.1002/aur.1468
https://doi.org/10.1177/1362361305056082
https://doi.org/10.1002/aur.1479
https://doi.org/10.1002/aur.1479
https://doi.org/10.1016/j.ridd.2015.10.011
https://doi.org/10.1016/j.ridd.2015.10.011
https://doi.org/10.1037/a0014124

Journal of Autism and Developmental Disorders (2019) 49:4009-4018

4017

of configural information. Journal of Experimental Child Psy-
chology, 97(1), 14-27. https://doi.org/10.1016/j.jecp.2006.12.001.

Eack, S. M., Mazefsky, C. A., & Minshew, N. J. (2015). Misinter-
pretation of facial expressions of emotion in verbal adults with
autism spectrum disorder. Autism, 19(3), 308-315. https://doi.
org/10.1177/1362361314520755.

Falkmer, M., Bjdllmark, A., Larsson, M., & Falkmer, T. (2011). Rec-
ognition of facially expressed emotions and visual search strat-
egies in adults with Asperger syndrome. Research in Autism
Spectrum Disorders, 5(1), 210-217. https://doi.org/10.1016/j.
rasd.2010.03.013.

Falkmer, T., Dahlman, J., Dukic, T., Bjédllmark, A., & Larsson, M.
(2008). Fixation identification in centroid versus start-point modes
using eye-tracking data. Perceptual and Motor Skills, 106(3), 710—
724. https://doi.org/10.2466/pms.106.3.710-724.

Fridenson-Hayo, S., Berggren, S., Lassalle, A., Tal, S., Pigat, D., Bolte,
S., et al. (2016). Basic and complex emotion recognition in chil-
dren with autism: Cross-cultural findings. Molecular Autism, 7(1),
52. https://doi.org/10.1186/s13229-016-0113-9.

Frith, U., & Blakemore, S. (2006). Social cognition. In L. Tarassenko
& M. Kenward (Eds.), Cognitive systems—Information process-
ing meets brain science (pp. 138—162). London: Academic Press.

Gepner, B., Deruelle, C., & Grynfeltt, S. (2001). Motion and emotion:
A novel approach to the study of face processing by young autistic
children. Journal of Autism and Developmental Disorders, 31(1),
37-45. https://doi.org/10.1023/A:1005609629218.

Golan, O., Baron-Cohen, S., & Golan, Y. (2008). The ‘Reading the
Mind in Films’ task [child version]: Complex emotion and mental
state recognition in children with and without autism spectrum
conditions. Journal of Autism and Developmental Disorders,
38(8), 1534-1541. https://doi.org/10.1007/s10803-007-0533-7.

Golan, O., Baron-Cohen, S., & Hill, J. (2006a). The Cambridge Min-
dreading (CAM) Face-Voice Battery: Testing complex emotion
recognition in adults with and without Asperger syndrome. Jour-
nal of Autism and Developmental Disorders, 36(2), 169-183. https
://doi.org/10.1007/s10803-005-0057-y.

Golan, O., Baron-Cohen, S., Hill, J. J., & Golan, Y. (2006b). The
“Reading the Mind in Films” task: Complex emotion recognition
in adults with and without autism spectrum conditions. Social
Neuroscience, 1(2), 111-123. https://doi.org/10.1080/1747091060
0980986.

Griffiths, S., Jarrold, C., Penton-Voak, I. S., Woods, A. T., Skinner, A.
L., & Munafo, (2017). Impaired recognition of basic emotions
from facial expressions in young people with autism spectrum dis-
order: Assessing the importance of expression intensity. Journal
of Autism and Developmental Disorders. https://doi.org/10.1007/
s10803-017-3091-7.

Guillon, Q., Hadjikhani, N., Baduel, S., & Rogé, B. (2014). Visual
social attention in autism spectrum disorder: Insights from eye
tracking studies. Neuroscience and Biobehavioral Reviews, 42,
279-297. https://doi.org/10.1016/j.neubiorev.2014.03.013.

Harms, M. B., Martin, A., & Wallace, G. L. (2010). Facial emotion rec-
ognition in autism spectrum disorders: A review of behavioral and
neuroimaging studies. Neuropsychology Review, 20(3), 290-322.
https://doi.org/10.1007/s11065-010-9138-6.

Hillier, A., & Allinson, L. (2002). Understanding embarrassment
among those with autism: Breaking down the complex emotion
of embarrassment among those with autism. Journal of Autism
and Developmental Disorders, 32(6), 583-592.

Joosten, A., Girdler, S., Albrecht, M. A., Horlin, C., Falkmer, M.,
Leung, D., et al. (2016). Gaze and visual search strategies of chil-
dren with Asperger syndrome/high functioning autism viewing a
magic trick. Developmental Neurorehabilitation, 19(2), 95-102.
https://doi.org/10.3109/17518423.2014.913081.

Kliemann, D., Rosenblau, G., Bolte, S., Heekeren, H., & Dziobek, 1.
(2013). Face puzzle—Two new video-based tasks for measuring

explicit and implicit aspects of facial emotion recognition. Fron-
tiers in Psychology, 4, 376.

Klin, A. (2000). Attributing social meaning to ambiguous visual stimuli
in higher-functioning autism and Asperger syndrome: The social
attribution task. Journal of Child Psychology and Psychiatry,
41(7), 831-846.

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.

Kuhn, G., Kourkoulou, A., & Leekam, S. R. (2010). How magic
changes our expectations about autism. Psychological Science,
21(10), 1487-1493. https://doi.org/10.1177/0956797610383435.

Leung, D., Ordqvist, A., Falkmer, T., Parsons, R., & Falkmer, M.
(2013). Facial emotion recognition and visual search strategies
of children with high functioning autism and Asperger syndrome.
Research in Autism Spectrum Disorders, 7(7), 833-844. https://
doi.org/10.1016/j.rasd.2013.03.009.

Lozier, L. M., Vanmeter, J. W., & Marsh, A. A. (2014). Impairments
in facial affect recognition associated with autism spectrum disor-
ders: A meta-analysis. Development and Psychopathology, 26(4),
933-945. https://doi.org/10.1017/S0954579414000479.

Magnée, M. J. C. M., de Gelder, B., van Engeland, H., & Kemner, C.
(2011). Multisensory integration and attention in autism spectrum
disorder: Evidence from event-related potentials. PLoS ONE, 6(8),
€24196. https://doi.org/10.1371/journal.pone.0024196.

Mathersul, D., McDonald, S., & Rushby, J. A. (2013). Understand-
ing advanced theory of mind and empathy in high-functioning
adults with autism spectrum disorder. Journal of Clinical and
Experimental Neuropsychology, 35(6), 655-668. https://doi.
org/10.1080/13803395.2013.809700.

McCabe, K. L., Melville, J. L., Rich, D., Strutt, P. A., Cooper, G.,
Loughland, C. M., et al. (2013). Divergent patterns of social
cognition performance in autism and 22q11.2 deletion syndrome
(22q11DS). Journal of Autism and Developmental Disorders,
43(8), 1926-1934.

McCrimmon, A. W., & Smith, A. D. (2012). Review of the Wechsler
Abbreviated Scale of Intelligence, second edition (WASI-II).
Journal of Psychoeducational Assessment, 31(3), 337-341.

Mondloch, C. J., Geldart, S., Maurer, D., & Grand, R. L. (2003). Devel-
opmental changes in face processing skills. Journal of Experi-
mental Child Psychology, 86(1), 67-84. https://doi.org/10.1016/
$50022-0965(03)00102-4.

Miiller, N., Baumeister, S., Dziobek, 1., Banaschewski, T., & Poustka,
L. (2016). Validation of the Movie for the Assessment of Social
Cognition in adolescents with ASD: Fixation duration and
pupil dilation as predictors of performance. Journal of Autism
and Developmental Disorders, 46(9), 2831-2844. https://doi.
org/10.1007/s10803-016-2828-z.

Murray, K., Johnston, K., Cunnane, H., Kerr, C., Spain, D., Gillan,
N, et al. (2017). A new test of advanced theory of mind: The
“Strange Stories Film Task” captures social processing differences
in adults with autism spectrum disorders. Autism Research, 10(6),
1120-1132. https://doi.org/10.1002/aur.1744.

Nakano, T., Tanaka, K., Endo, Y., Yamane, Y., Yamamoto, T., Nakano,
Y., et al. (2010). Atypical gaze patterns in children and adults
with autism spectrum disorders dissociated from developmen-
tal changes in gaze behaviour. Proceedings Biological Sciences,
277(1696), 2935-2943. https://doi.org/10.1098/rspb.2010.0587.

Nuske, H. J., Vivanti, G., & Dissanayake, C. (2013). Are emotion
impairments unique to, universal, or specific in autism spectrum
disorder? A comprehensive review. Cognition and Emotion,
27(6), 1042-1061. https://doi.org/10.1080/02699931.2012.76290
0.

Pelphrey, K. A., Morris, J. P., McCarthy, G., & LaBar, K. S. (2007).
Perception of dynamic changes in facial affect and identity

@ Springer


https://doi.org/10.1016/j.jecp.2006.12.001
https://doi.org/10.1177/1362361314520755
https://doi.org/10.1177/1362361314520755
https://doi.org/10.1016/j.rasd.2010.03.013
https://doi.org/10.1016/j.rasd.2010.03.013
https://doi.org/10.2466/pms.106.3.710-724
https://doi.org/10.1186/s13229-016-0113-9
https://doi.org/10.1023/A:1005609629218
https://doi.org/10.1007/s10803-007-0533-7
https://doi.org/10.1007/s10803-005-0057-y
https://doi.org/10.1007/s10803-005-0057-y
https://doi.org/10.1080/17470910600980986
https://doi.org/10.1080/17470910600980986
https://doi.org/10.1007/s10803-017-3091-7
https://doi.org/10.1007/s10803-017-3091-7
https://doi.org/10.1016/j.neubiorev.2014.03.013
https://doi.org/10.1007/s11065-010-9138-6
https://doi.org/10.3109/17518423.2014.913081
https://doi.org/10.1177/0956797610383435
https://doi.org/10.1016/j.rasd.2013.03.009
https://doi.org/10.1016/j.rasd.2013.03.009
https://doi.org/10.1017/S0954579414000479
https://doi.org/10.1371/journal.pone.0024196
https://doi.org/10.1080/13803395.2013.809700
https://doi.org/10.1080/13803395.2013.809700
https://doi.org/10.1016/S0022-0965(03)00102-4
https://doi.org/10.1016/S0022-0965(03)00102-4
https://doi.org/10.1007/s10803-016-2828-z
https://doi.org/10.1007/s10803-016-2828-z
https://doi.org/10.1002/aur.1744
https://doi.org/10.1098/rspb.2010.0587
https://doi.org/10.1080/02699931.2012.762900
https://doi.org/10.1080/02699931.2012.762900

4018

Journal of Autism and Developmental Disorders (2019) 49:4009-4018

in autism. Social Cognitive and Affective Neuroscience, 2(2),
140-149.

Peterson, C. C., Slaughter, V., & Brownell, C. (2015). Children with
autism spectrum disorder are skilled at reading emotion body lan-
guage. Journal of Experimental Child Psychology, 139, 35-50.
https://doi.org/10.1016/j.jecp.2015.04.012.

Rice, K., Moriuchi, J. M., Jones, W., & Klin, A. (2012). Parsing hetero-
geneity in autism spectrum disorders: Visual scanning of dynamic
social scenes in school-aged children. Journal of the American
Academy of Child and Adolescent Psychiatry, 51(3), 238-248.
https://doi.org/10.1016/j.jaac.2011.12.017.

Rosenblau, G., Kliemann, D., Heekeren, H. R., & Dziobek, 1. (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.

Sato, W., Sawada, R., Uono, S., Yoshimura, S., Kochiyama, T., Kubota,
Y., et al. (2017). Impaired detection of happy facial expres-
sions in autism. Scientific Reports, 7(13340), 1-12. https://doi.
org/10.1038/s41598-017-11900-y.

Senju, A. (2013). Atypical development of spontaneous social cogni-
tion in autism spectrum disorders. Brain and Development, 35(2),
96-101. https://doi.org/10.1016/j.braindev.2012.08.002.

Spezio, M. L., Adolphs, R., Hurley, R. S. E., & Piven, J. (2007). Abnor-
mal use of facial information in high-functioning autism. Journal
of Autism and Developmental Disorders, 37(5), 929-939. https://
doi.org/10.1007/s10803-006-0232-9.

Tardif, C., Lainé, F., Rodriguez, M., & Gepner, B. (2007). Slow-
ing down presentation of facial movements and vocal sounds
enhances facial expression recognition and induces facial-vocal
imitation in children with autism. Journal of Autism and Devel-
opmental Disorders, 37(8), 1469—1484. https://doi.org/10.1007/
$10803-006-0223-x.

@ Springer

Tracy, J. L., Robins, R. W., Schriber, R. A., & Solomon, M. (2011).
Is emotion recognition impaired in individuals with autism spec-
trum disorders? Journal of Autism and Developmental Disorders,
41(1), 102-109. https://doi.org/10.1007/s10803-010-1030-y.

Uljarevic, M., & Hamilton, A. (2013). Recognition of emotions in
autism: A formal meta-analysis. Journal of Autism and Devel-
opmental Disorders, 43(7), 1517-1526. https://doi.org/10.1007/
s10803-012-1695-5.

Walker-Andrews, A. S. (1998). Emotions and social development:
Infants’ recognition of emotions in others. Pediatrics 102(5),
1268-1271.

Wechsler, D. (2011). Wechsler Abbreviated Scale of Intelligence-sec-
ond edition (WASI-II). San Antonio: NCS Pearson.

Whitehouse, A. J. O., Evans, K., Eapen, V., Prior, M., & Wray, J.
(2018). A national guideline for the assessment and diagnosis
of autism spectrum disorders in Australia. Cooperative Research
Centre for Living with Autism (Autism CRC). Retrieved from
https://www.autismcrc.com.au/knowledge-centre/resource/
national-guideline?j=158619&sfmc_sub=27540273&1=103_
HTML&u=2392185&mid=7286130&jb=1.

Williams, B. T., & Gray, K. M. (2013). The relationship between emo-
tion recognition ability and social skills in young children with
autism. Autism, 17(6), 762-768. https://doi.org/10.1177/13623
61312465355.

Young-Browne, G., Rosenfeld, H. M., & Horowitz, F. D. (1977). Infant
discrimination of facial expressions. Child Development, 48(2),
555-562.

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


https://doi.org/10.1016/j.jecp.2015.04.012
https://doi.org/10.1016/j.jaac.2011.12.017
https://doi.org/10.1007/s10803-014-2249-9
https://doi.org/10.1038/s41598-017-11900-y
https://doi.org/10.1038/s41598-017-11900-y
https://doi.org/10.1016/j.braindev.2012.08.002
https://doi.org/10.1007/s10803-006-0232-9
https://doi.org/10.1007/s10803-006-0232-9
https://doi.org/10.1007/s10803-006-0223-x
https://doi.org/10.1007/s10803-006-0223-x
https://doi.org/10.1007/s10803-010-1030-y
https://doi.org/10.1007/s10803-012-1695-5
https://doi.org/10.1007/s10803-012-1695-5
https://www.autismcrc.com.au/knowledge-centre/resource/national-guideline%3fj%3d158619%26sfmc_sub%3d27540273%26l%3d103_HTML%26u%3d2392185%26mid%3d7286130%26jb%3d1
https://www.autismcrc.com.au/knowledge-centre/resource/national-guideline%3fj%3d158619%26sfmc_sub%3d27540273%26l%3d103_HTML%26u%3d2392185%26mid%3d7286130%26jb%3d1
https://www.autismcrc.com.au/knowledge-centre/resource/national-guideline%3fj%3d158619%26sfmc_sub%3d27540273%26l%3d103_HTML%26u%3d2392185%26mid%3d7286130%26jb%3d1
https://doi.org/10.1177/1362361312465355
https://doi.org/10.1177/1362361312465355

	Atypical Visual Processing but Comparable Levels of Emotion Recognition in Adults with Autism During the Processing of Social Scenes
	Abstract
	Methods
	Participants

	Measures
	Social Responsiveness Scale—Second Edition
	Wechsler Abbreviated Scale of Intelligence—Second Edition
	Reading the Mind in Films Task
	Apparatus
	Procedure
	Data Preparation
	Statistical Analysis

	Results
	Emotion Recognition Accuracy
	Percentage Fixation Time

	Discussion
	Limitations
	Conclusion
	Acknowledgments 
	References




