http://www.diva-portal.org

This is the published version of a paper published in Neuroscience and Biobehavioral Reviews.

Citation for the original published paper (version of record):
Black, M H., Chen, N T., Iyer, K K., Lipp, O V., Bölte, S. et al. (2017)
Mechanisms of facial emotion recognition in autism spectrum disorders: Insights from eye
tracking and electroencephalography.
Neuroscience and Biobehavioral Reviews, 80: 488-515
https://doi.org/10.1016/j.neubiorev.2017.06.016

Access to the published version may require subscription.
N.B. When citing this work, cite the original published paper.

Open Access

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:hj:diva-37223

Neuroscience and Biobehavioral Reviews 80 (2017) 488–515

Contents lists available at ScienceDirect

Neuroscience and Biobehavioral Reviews
journal homepage: www.elsevier.com/locate/neubiorev

Review article

Mechanisms of facial emotion recognition in autism spectrum disorders:
Insights from eye tracking and electroencephalography

MARK

⁎

Melissa H. Blacka,b, , Nigel T.M. Chenb,c,d, Kartik K. Iyere, Ottmar V. Lippb,c, Sven Böltea,b,f,g,
Marita Falkmera,b,h, Tele Tanb,e, Sonya Girdlera,b
a

School of Occupational Therapy and Social Work, Curtin University, Perth, Western Australia, Australia
Cooperative Research Centre for Living with Autism (Autism CRC), Long Pocket, Brisbane, Queensland, Australia
c
School of Psychology and Speech Pathology, Curtin University, Perth, Western Australia, Australia
d
School of Psychology, University of Western Australia, Perth, Western Australia, Australia
e
School of Mechanical Engineering, Curtin University, Perth, Western Australia, Australia
f
Center of Neurodevelopmental Disorders (KIND), Department of Women’s and Children’s Health, Karolinska Institutet, Sweden
g
Child and Adolescent Psychiatry, Center for Psychiatry Research, Stockholm County Council, Sweden
h
School of Education and Communication, CHILD programme, Institute of Disability Research, Jönköping University, Jönköping, Jönköping County, Sweden
b

A R T I C L E I N F O

A B S T R A C T

Keywords:
Aﬀect
Electrophysiology
Eye tracking
Autism
Asperger syndrome
Emotion recognition
EEG

While behavioural diﬃculties in facial emotion recognition (FER) have been observed in individuals with Autism
Spectrum Disorder (ASD), behavioural studies alone are not suited to elucidate the speciﬁc nature of FER
challenges in ASD. Eye tracking (ET) and electroencephalography (EEG) provide insights in to the attentional
and neurological correlates of performance, and may therefore provide insight in to the mechanisms underpinning FER in ASD. Given that these processes develop over the course of the developmental trajectory, there is
a need to synthesise ﬁndings in regard to the developmental stages to determine how the maturation of these
systems may impact FER in ASD. We conducted a systematic review of ﬁfty-four studies investigating ET or EEG
meeting inclusion criteria. Findings indicate divergence of visual processing pathways in individuals with ASD.
Altered function of the social brain in ASD impacts the processing of facial emotion across the developmental
trajectory, resulting in observable diﬀerences in ET and EEG outcomes.

1. Introduction

Complex emotions (such as jealousy or guilt) are distinct from basic
emotions in that they are typically more nuanced, rely more heavily on
context, and usually involve greater theory of mind and belief-based
decision making (Johnson and Oatley, 1989). Given the increased
complexity of these emotions, their processing reaches maturity considerably later (Tonks et al., 2006), improving throughout adolescence
and adulthood (Rodger et al., 2015; Thomas et al., 2007).
Impairments in FER are consistently associated with Autism
Spectrum Disorder (ASD); an early onset neurodevelopmental condition
characterised by deﬁcits in social communication and social interaction
alongside stereotypic, repetitive, restricted behaviours and interests
causing adaptive impairments (American Psychiatric Association,
2013). In previous research these behavioural diﬃculties have, in part,
been attributed to challenges in recognising the emotions of others
(Baron-Cohen et al., 1985; B & lte and Poustka, 2003; Harms et al.,
2010; Kuuskikko et al., 2009; Lozier et al., 2014; Uljarevic and
Hamilton, 2013). A meta-analysis concluded that these impairments are
apparent across the developmental trajectory and the six basic

A considerable degree of human communication occurs through
nonverbal means, with actions, gestures and postures conveying signals
to others about an individuals’ thoughts, feelings and intentions
(Darwin, 1872; Meeran et al., 2005). Facially expressed emotions
contribute signiﬁcantly to this communication with movements presented on the face relaying information about internal emotional and
mental states (Ekman and Friesen, 1978; Ekman and Oster, 1979). In
typical development, the ability to recognise emotions begins in early
infancy, developing and improving throughout adolescence and adulthood (Herba and Phillips, 2004; Somerville et al., 2011). Emotion recognition abilities typically begin with the six basic emotions (happy,
sad, fear, anger, disgust, surprise) with discrimination of these emotions
reported to be present in children aged ﬁve to seven months (Barrera
and Maurer, 1981). By 10 years of age, children are postulated to
perform at a level similar to adults when asked to match neutral, surprised, happy and disgusted expressions (Mondloch et al., 2003).
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processes (Sauseng and Klimsesch, 2008). Desynchronization of alpha
frequencies (815 Hz) have been associated with increasing task demands and attention (Klimesch, 1999; Ward, 2003) and an increase in
theta power (4–7 Hz) has been associated with memory and encoding
(Klimesch, 1999). Gamma frequencies have been associated with processes such as working memory (Barr et al., 2014) and attention (Ward,
2003), while beta (15–30 Hz) has been associated with local information processing (Schutter and Knyazev, 2012).
To date, no review has been conducted in order to speciﬁcally examine the diﬀerences in ET and EEG characteristics of individuals with
ASD during FER. Both ET and EEG provide insights in to the temporal
dynamics of attention and cognition during the processing of facially
expressed emotion. Therefore, the objective of this review was to systematically appraise the literature examining ET or EEG during FER in
individuals with ASD, providing an overview of the current state of the
ﬁeld.

emotions, and cannot be accounted for by the intellectual capabilities of
the individual with ASD (Uljarevic and Hamilton, 2013). Recent research conducted with children suggests that ASD linked diﬃculties in
FER appear cross-culturally, indicating a universal nature of FER
challenges in the ASD population (Fridenson-Hayo et al., 2016).
While it appears that emotion recognition is an area of signiﬁcant
challenge for those with ASD, questions have arisen surrounding the
extent of these alterations (Lozier et al., 2014; Rutherford et al., 2012).
Studies have reported that individuals with ASD perform no diﬀerently
to their typically developing (TD) peers on emotion recognition tasks
(Castelli, 2005; Evers et al., 2014; Tracy et al., 2011), while others have
postulated that perhaps not all, but a subset of the ASD population
experience diﬃculty with emotion recognition (Nuske et al., 2013).
These disparate ﬁndings have been attributed to a variety of participant
and experiment related factors (Harms et al., 2010; Nuske et al., 2013;
Uljarevic and Hamilton, 2013). Primarily, the demographic characteristics of the participants included in studies, for example age, intellectual capacity (Harms et al., 2010; Uljarevic and Hamilton, 2013)
or comorbid conditions (Berggren et al., 2016) have been identiﬁed as
playing a potential role in the variability of ﬁndings. Other possible
explanations relate to the compensatory strategies employed by individuals with ASD, which possibly remediate any observable behavioural deﬁcits (Harms et al., 2010).
While individuals with ASD may exhibit impairments in FER, further empirical eﬀorts have sought to elucidate the mechanisms which
may characterize ASD-linked impairment in FER, of note, research incorporating eye tracking (ET) and electroencephalography (EEG)
methods has been used to provide crucial insights into these processes
which may underpin FER impairments.
ET is a valuable tool in elucidating underlying visual processing
strategies (Rayner, 1998). As emotions are expressed on the face
through the diﬀerential activation of facial muscles (Ekman and
Friesen, 1978), eye gaze patterns that most eﬀectively assist in identifying diﬀerent emotions will vary across expressions. In typical development ET research has shown that gaze patterns diﬀer in relation to
the valence of emotions, whereby individuals ﬁxate more on the eyes of
negatively valanced emotions and the mouths of emotions that are
positively valanced (Eisenbarth and Georg, 2011; Messinger et al.,
2012).
In addition to ET, EEG may provide insights into the neurological
correlates of information processing during FER. EEG measures the
electrical activity of the brain and provides superior temporal resolution to measures such as Functional Magnetic Resonance Imaging
(fMRI) and Positron Emission Tomography (PET) (Scheuer, 2002).
Electrical activity time locked to events, or event related potentials
(ERPs) are one of the most common measures extracted from EEG. In
the processing of facial expressions, a number of early and late occurring ERPs appear to change and mature throughout development (de
Haan et al., 2003), notably including P100, N170 and N250. The P100
is largest over occipital areas between 80 milliseconds-120 milliseconds
after stimulus presentation, and associated with the early processing of
visual information (Magnun, 1995). The N170 component, a negative
ERP, occurs between 130 and 200 milliseconds over the temporal
−occipital areas and is selectively enhanced in response to faces (Eimer
et al., 2011). This component is posited to reﬂect the structural processing of faces (Schyns et al., 2003) and is potentially indicative of the
processing of higher order conﬁgural information (Eimer et al., 2011).
The N250 ERP has been associated with valence speciﬁc processing,
occurring over frontal regions and peaking at 250 milliseconds (Liu
et al., 2012; Streit et al., 2001). In children, other ERPs such as the
N290 and P400 components have been identiﬁed (Leppänen et al.,
2007) as presenting as possible precursors to the adult N170 (Halit
et al., 2004). Although less frequently investigated in research on FER,
EEG analysed in the frequency domain may provide measures of cortical activity, and the topographical coordination of such activity over
time, which may be reﬂective of a number of relevant cognitive

2. Method
2.1. Study design
This systematic review was conducted in accordance with PRISMA
guidelines for systematic reviews and meta-analyses (Moher et al.,
2009). Six databases including Cinahl, Embase, Medline, Proquest,
Psycinfo and Scopus were searched for full- length articles published up
to the 20th (Psycinfo) or 27th (all other databases) of January 2016.
Searches were conducted using a combination of MeSH terms and key
words. The following is a sample of the expressions used: (“Autistic
Disorder” OR “Child Development Disorders, Pervasive” OR, “Autism
Spectrum Disorder”) AND (“Evoked Potentials”, OR “Electroencephalography” OR “Eye Movements”, OR “Fixation, Ocular”) AND
(“Emotions”, “Expressed Emotion”, OR “Aﬀect”). These search terms
were tailored to match speciﬁc databases (refer to Appendix A) and
limited to studies in the English language. The reference lists of included articles were manually searched for articles meeting the eligibility criteria.
2.2. Study inclusion criteria
Studies were included if they had a sample of individuals with ASD
or individuals with high autistic symptomology, broader autism phenotype or risk of ASD development. As the majority of studies (77%)
were conducted prior to 2013, i.e. before the release of the latest version of the Diagnostic and Statistical Manual for Mental Disorders −
5th Edition (DSM-5) (American Psychiatric Association, 2013), the
DSM-IV (American Psychiatric Association, 2010) was utilised to classify ASD in this review. Therefore, for the purposes of this review ASD
was classiﬁed as Autism, Asperger syndrome (AS), Pervasive Developmental Disorder Not Otherwise Speciﬁed (PDD-NOS), and childhood
disintegrative disorder (American Psychiatric Association, 2010). No
speciﬁcation was made as to whether the study included individuals
with high functioning Autism (HFA; at least average IQ) or low functioning Autism (LFA; below average IQ). Studies primarily involving
participants with Rett syndrome were excluded. No limits were placed
on age, demographics or intelligence level of the sample with ASD.
Studies were required to employ a facial emotion recognition paradigm
with studies primarily investigating social scene perception, object recognition or non-emotionally relevant face processing excluded. Finally, studies were required to provide a measure of ET or EEG or a
combination of both to be eligible for inclusion. Fig. 1 presents a ﬂow
chart of the method of data selection in accordance with the eligibility
criteria.
2.3. Data extraction and synthesis
Data were extracted in accordance with the Cochrane handbook for
489
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Fig. 1. Flow chart demonstrating method of study identiﬁcation and screening.

the considerable variance observed across studies, a narrative review
was deemed most appropriate to summarise and explore the ﬁndings in
the various experimental paradigms. Data synthesis examined ET and
EEG studies with respect to their various characteristics. For ET studies
synthesis involved the number of ﬁxations and duration of ﬁxations to
deﬁned areas of interest as well as scan paths, with ET ﬁndings presented according to age and stimulus type. In synthesising EEG studies,
ERP and EEG frequency features were extracted. Due to the large
number of ERP and EEG measures examined within the studies, this
review focused on the most frequently examined ERPs within each age
category, such as the N170 and P100. Other less common components
are discussed brieﬂy. Due to the expected developmental changes studies were allocated to one of three sets. Studies with participants aged
0–12 years of age were classiﬁed as child studies, 13–17 years were
classiﬁed as adolescent and adult pertained to studies of participants
aged 18 and above.

systematic reviews (Higgins and Green, 2011). Participant demographic
data was extracted in relation to clinical and comparison samples including number of participants, diagnosis, age and participant
matching procedure. Information pertaining to the experimental design
and stimuli were also extracted, this included the emotions utilised as
well as whether the task was an explicit or implicit FER task. For the
purposes of this review, implicit tasks were deﬁned as tasks which required either the passive free-viewing of facial expressions or tasks that
required the viewing of facial expressions while completing other recognition tasks (such as gender recognition, or target detection). Further distinction was made in regard to the type of emotion examined in
the study. For the purposes of this review basic emotions have been
deﬁned as happy, anger, sad, fear, disgust, surprise in accordance with
previous literature (Ekman, 1992) and complex emotions as any other
emotions. Results extracted related to diﬀerences between groups in
regard to ET, ERP or quantiﬁed EEG outcomes and pertinent within
group diﬀerences. A summary of extracted data for each study is presented in Tables 1–3.
Initial extraction revealed clear trends in relation to the heterogeneity across studies owing to diﬀerences in sample ages, stimulus
type, outcome measures and the reporting of results. This appeared to
be particularly evident in the studies examining ET measures. Due to

2.4. Study evaluation
Two reviewers independently assessed the quality of included studies according to the Kmet Form for quantitative analysis (Kmet et al.,
2004). The Kmet form provides a means of appraising the quality of
490
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1;15,
2;13

Autism, AS,
PDD-NOS

Falck-Ytter
et al.
(2010).
Study
1+2

21

AS, PDDNOS,
Autism

Autism,
ASD

De Wit et al.
(2008)

Nuske et al.
(2014a)

19

5.17 (.91)

5.17 (.89)

3.98 (1.05)

3.97 (1.06)

TD

TD

TD

TD

Diagnosis

Mean age (SD)

Diagnosis

N

Comparison

Clinical
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Eye Tracking
Nuske et al. Autism,
(2014b) ASD

Citation

Table 1
Child Eye tracking and Electrophysiological studies.

15

14

21

19

N

4.91 (.08)

4.93 (.11)

4.27 (0.60)

4.20 (0.80)

Mean age
(SD)

N/A

N/A

CA

CA

Matching
procedure

Implicit

Implicit

Implicit

Implicit

Task Format

Calm, Happy,
Anger, Fear

Anger,
Happy,
Disgust, Fear,
Neutral,
Unlabeled
Grimace

Static, photographs
followed by dynamic
videos, 4 s exposure time.
Upright and Inverted stimuli

Fear, Neutral

Dynamic, videos of familiar
and unfamiliar faces
expressing emotion. 4 s
neutral followed by 4 s
fearful expression exposure
time.

Static, photographs 10 s
exposure time.

Fear, Neutral

Emotions

Static, photographs 30 ms,
300 ms and 2 s exposure
times.

Stimuli

87% (21/24). Participants
matched on CA.
Correlations with IQ
explored. Counterbalanced
exposure duration of
stimuli.

83% (20/24). Sample size
small. Participant matching
procedure unclear. Stimuli
pseudo-randomized. Partial
discussion of limitations.

83% (20/24). Sample size
small. Participant matching
procedure unclear although
estimate of developmental
age calculated using PEP-R
and GMDS. Partial stimuli
randomization. Limitations
not well described.

ASD # of ﬁxations on
fear = TD. ASD # of ﬁxations
on neutral < TD. ASD # of
ﬁxations on fear > neutral.
TD # of ﬁxations on
fear = neutral. ASD ﬁxation
time on eyes and mouth of
neutral familiar and
unfamiliar faces < TD.
ASD ﬁxation time < TD.
ASD ﬁxation time on eye
region = TD. Social and
communication impairment
scores negatively correlated
with overall ﬁxation time on
the screen and ﬁxation time
on the mouth.
Study 1: ASD ﬁxation time on
eyes and mouth = TD. Social
impairment positively
correlated with ﬁxation time
on mouth and negatively
correlated with ﬁxation time
on eyes. Communication
impairment positively
correlated with ﬁxation time
on eyes and negatively
correlated with ﬁxation time
on mouth. Dynamic faces
showed same results but no
correlation between
communication impairment
and ﬁxation time on eyes.
Same pattern as above also
for each separate emotion

(continued on next page)

92% (22/24). Participants
matched on CA.
Correlations with IQ
explored. Stimuli
counterbalanced.

Methodology Quality

ASD ﬁxation time on fear face
for 30 ms and 2 s
condition < TD. ASD
ﬁxation time on eyes of
fearful faces < TD. ASD
ﬁxation time to neutral face
in 2 s condition < TD. ASD
ﬁxation time on eyes and
mouth < TD for neutral
faces. Fixation time not
correlated with ASD
symptomology.
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ET)

Autism,
PDD-NOS

Bal et al.
(2010)

11 (3.48)

10.6 (1.3)

10.6 (2.1)
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TD

TD
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12
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N
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Citation
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26
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36
(30
ET)

N

1; 19.7(9), 2;

10.8 (1.1)

10.1 (1.3)

11.16 (2.89)

Mean age
(SD)

VABS

CA

CA, WSI

CA, K-BIT

Matching
procedure

Implicit

Matching

Implicit

Implicit and
Labelling (ET
behavior
obtained only
during
implicit task)

Implicit

Task Format

Anger, Fear,
Happy,
Neutral
Anger,
Disgust, Fear,
Happy,
Surprise, Sad

Anger,
Happy,
Neutral,
Surprise
Anger,
Happy,
Surprised

Happy,

Dynamic, morphing stimuli
Exposure time 15–33s

Static, Photographs 10 s
exposure time.

Static, puzzled photograph
stimuli presented for 10 s
followed by whole face
‘choice’ stimuli exposed until
participant choice selection.
Static, photographs

Emotions

Dynamic, videos, 4 s
exposure time, upright and
inverted stimuli.

Stimuli

As Above

92% (22/24). ASD sample
for eye tracking analysis
small. Results reported in
partially suﬃcient detail.

92% (22/24) Stimuli
randomization procedure
unclear.
88% (21/24). Participants
matched only on CA.
Stimuli not randomized.

92% (22/24). Sample size
(continued on next page)

ASD ﬁxation time on areas
not eyes and mouth = TD.
ASD ﬁxation time on noncore/outside regions > TD
when viewing fear. ASD
children who had shorter
ﬁxation time on mouth and
longer on eyes more accurate
at disgust recognition. TD
greater ﬁxation time on eyes
and shorter ﬁxation time on
mouth more accurate at
surprise recognition. Greater
ﬁxation time on eyes related
to faster fear recognition in
TD. ASD greater ﬁxation time
on not eyes and
mouth = slower surprise
recognition.
ASD ﬁxation time and # of
ﬁxations on all regions = TD.
ASD ﬁrst ﬁxation
location = TD.
ASD # ﬁxations on whole
face and puzzled
stimuli = TD. ASD ﬁxation
time > TD regardless of area
of stimuli.
ASD and FXS ﬁxation time to

Methodology Quality

Positive correlation of
ﬁxation time on mouth and
social impairment score on
SCQ

and opposite for happy and
disgusted faces. In inverted
faces, there was a positive
correlation of social
impairment and ﬁxation time
on mouth. Study 2: positive
correlation of ﬁxation time
on face in action and ﬁxation
time on eyes in study 1 in
both groups. In ASD, negative
correlation of social
impairment and ﬁxation time
on face during action
execution and opposite for
communication impairment.
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1; 22
2; 11

15

13,
2;
16,
3; 12

N

1; 3.64 (0.58)
2; 4.03 (0.6)
(mental age)

.75

7.13 (1.61), 3;
21.92 (2.97)

Mean age
(SD)

CA, Gender,
SES (1) MSEL
(2)

CA, Gender,
Ethnicity,
Maternal
education

(matched to
FXS only)

Matching
procedure

Implicit

Implicit

Task Format

Static, photographs, 500 ms
exposure time.

Static, photographs, 750 ms
stimuli exposure time.

presented side by side.
Exposure time 1.5s

Stimuli

Neutral, Fear

Neutral,
Small Smile,
Duchenne
Smile

Disgust,
Neutral

Emotions

493

CA matched: ASD P200
slower and smaller than TD to
neutral. ASD N300 amplitude
and latency for
fear = neutral. TD faster and
larger N300 for fear versus
neutral. ASD N300 latency to
neutral in right
hemisphere = left
hemisphere. TD faster N300
to neutral in right hemisphere
versus left hemisphere. ASD
NSW amplitude for
neutral = fear. TD NSW
amplitude for
fear > neutral. P300, Nc
and P500 in ASD = TD.
MA matched: ASD P200
amplitude in right and
midline region > TD. ASD
N300 amplitude for
fear = neutral. TD N300
amplitude for
fear > neutral. ASD N300
latency in left
hemisphere > TD. ASD
P300 amplitude for
neutral > fear. TD P300

High risk posterior N290
amplitude and latency and
P400 and Nc
amplitude = low risk. High
risk had shorter P400 to small
smiles than low risk. High
risk siblings showed shorter
latencies to small smiles
versus Duchenne smiles, low
risk did not discriminate.
High risk Nc amplitude to
small smiles = neutral. Low
risk Nc amplitude to small
smiles > neutral.

disgust > neutral. Similar
results for TD. ASD ﬁxation
time to eyes of neutral
faces > FXS. ASD ﬁxation
time on mouth = FXS for
neutral faces.

Key Findings

(continued on next page)

96% (23/24). Stimuli
pseudo-randomized.

92% (22/24). Sample size
small. Stimuli counterbalanced.

small. Stimuli pseudorandomized.
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et al.
(2012)

Batty et al.
(2011)
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ASD

Yeung et al.
(2014)
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Autism

Wong et al.
(2008)

10.55(3.31)
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9.61 (3.13)

8.5 (1.5)

1; TD VE 2;
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TD

TD

TD
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22

ASD

Vlamings
et al.
(2010)

4 (0.1)

Diagnosis
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Diagnosis
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Clinical
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1;
15,
2; 15

12

18

12

17

N

1; 7.70 (3.8),
2;10.51 (3.2)

9.7

10.72 (3.61)

8.5 (1.4)

4.3 (0.2)

Mean age
(SD)

CA (1), PPVT
(French),
RPM, WISC III

N/A

CA, Gender,
WISC IV
(Hong Kong)
CVT

CA, RPM

CA, Gender,
SON-R,
WPPSI-R,
MSEL, PEP,
Reynell Test
for Language

Matching
procedure

Implicit

Implicit

Labelling

Implicit and
Labelling
(neutral/
emotion)

Implicit

Task Format

Happy, Fear,
Anger,
Disgust,
Surprise, Sad,
Neural

Happy, Fear,
Neutral

Happy,
Anger,
Disgust, Sad,
Surprise, Fear

Static, photographs, Stimuli
exposure time 850 ms.

Static, photographs, 500 ms
exposure time.

Happy, Sad,
Anger, Fear,
Neutral

Static, photographs, stimuli
exposure time 750 ms

Static, photographs, stimuli
presented until participant
response.

Neutral, Fear

Emotions

Static, photographs, High
and low spatial frequencies,
500 ms exposure time.

Stimuli

CA matched. ASD P100
amplitude < TD. ASD P100
slower than TD. ASD delayed
N170. VE matched: ASD
P100 amplitude < TD. ASD

ASD ppN170 = TD.

ASD lower right frontal theta
coherence for sadness,
disgust and surprise. TD
higher theta coherence when
viewing emotions (except
anger) compared to neutral
faces. ASD Theta not higher
for emotional faces versus
neutral. ASD: increase in
right frontal theta coherence
in emotion modulation
associated with lower autistic
symptomology.

ASD P100, N170 amplitude
and latency = TD. ASD P200
amplitude to happy in right
hemisphere > fear and
neutral in right hemisphere.
Dipole source at occipital,
temporal, frontal and parietal
regions in ASD found cortical
regions in ASD weaker or
delayed at sub-second
latencies.

ASD P100 amplitude to
fear > neutral in high
spatial frequency condition.
TD P100 amplitude to
fear < neutral in low spatial
frequency condition.

amplitude for
neutral < fear. TD NSW
amplitude to fear > neutral.
ASD NSW to fear = neutral.
ASD Nc and P500 = TD.

Key Findings

(continued on next page)

92% (22/24). Sample size
small. Limited discussion of
study limitations.

71% (17/24). Sample size
small. Limited discussion of
participant characteristics
or participant source.
Participant matching
procedure unclear. Results
in partial detail. Limited
discussion of limitations.

96% (23/24). Stimuli preset randomized.

92% (22/24). Sample size
small. Stimuli pseudorandomized.

92% (22/24). Analytic
method partially described.
Limited discussion of study
limitations.
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1;11.69,2;10.53

N

30

15

1; 19,
2; 29

Diagnosis

Autism,
ASD

AS

1;ASD,
autism, 2;
ASD,
autism
+ ADHD

De Jong
et al.
(2008)

O’Connor
et al.
(2005)

Tye et al.
(2014)

495

1;
26,
2; 18

15

30

N

Labelling

Implicit

CA, IQ

1; 10.56
(1.79), 2;
10.48(1.91)

Implicit

CA, Gender

CA Gender
WISC III

Task Format

11.2 (1.8)

10.6 (1.6)

Mean age
(SD)

Matching
procedure

Fear, Neutral

Happy, Sad,
Anger, Fear
Disgust, Fear,
Anger, Joy,
Neutral

Static, photographs, Stimuli
1 s exposure time.
Static, photographs,
exposure time 1.3s

Emotions

Static and Dynamic,
(morphing) High and low
spatial frequency, direct and
averted gaze. Stimuli with
direct and averted gaze
exposure time = 373 ms,
morphing stimuli = 440 ms
(40 ms, 11 frames)

Stimuli

ASD/ASD + ADHD N170
amplitude < TD. ASD/ASD
+ ADHD N170 amplitude to
fear < neutral. TD and
ADHD only N170 amplitude
for fear = neutral. ASD
+ ADHD N170 shorter to
angry compared to neutral.
ASD shorter N170 to neutral
compared to angry. ASD
+ ADHD longer N170 to
happy compared to fear and
ASD longer N170 latency to
fear compared to happy.
N400 latency shorter in ASD
compared to TD and AS
+ ADHD.

ASD N170, P100 and P200
amplitude and latency = TD.

ASD N170 amplitude for
fear = neutral. TD N170
amplitude for
fear > neutral. ASD N170
amplitude to fear < TD. Low
spatial frequency versus high
spatial frequency eﬀect
smaller in ASD group.

P100 latency = TD.

Key Findings

92% (22/24). Participants
matched only on CA and
verbal IQ. Stimuli not
randomized but randomized
inter-stimuli period.

92% (22/24). Sample size
small. Participants matched
on CA.

100% (24/24)

Methodology Quality

Abbreviations: ASD; Autism Spectrum Disorder, TD; Typically developing, CA; Chronological age, PDD-NOS; Pervasive Developmental Disorder Not Otherwise Speciﬁed, AS; Asperger Syndrome, K-BIT; Kauﬀman Brief Intelligence Test, WSI;
Wechsler Scale of Intelligence FXS; Fragile X Syndrome, VABS; Vineland Adaptive Behavior Scales SES; Socio-economic Status, MSEL; Mullen Scales of Early Learning, MA; Mental age, SON-R;, Snijders-Oomen Nonverbal Intelligence Test – Revised
WPPSI-R; Wechsler Preschool and Primary Scale of Intelligence – Revised, PEP; Psychoeducational Proﬁle, RPM; Ravens Progressive Matrices, WISC; Wechsler Intelligence Scale for Children, CVT; Chinese Vocabulary Test, PPVT; Peabody Picture
Vocabulary Test, VE; Verbal Equivalent, ADHD; Attention Deﬁcit Hyperactivity Disorder. N/A denotes areas where suﬃcient information was not provided by study.

1; TD, 2;
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TD
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Clinical
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ASD

Autism, AS

Autism, AS

Dalton et al.
(2005)

Dalton et al.
(2008)

14

11

15

15.9
(4.71)

15.9
(4.7)

14.88
(1.55)

14.71
(2.87)

14

Autism,
AS, PDDNOS

McCabe
et al.
(2013)

White et al.
(2015)

14.7
(1.1)

14.7
(1.1)

10

10

ASD

ASD

1; FXS, 2;
TD

TD

TD

1; TD, 2;
22q11DS

TD

TD

Diagnosis

Mean
age
(SD)

Diagnosis

N

Comparison

Clinical

Sample

Bekele et al.
(2014)

Eye tracking
Bekele et al.
(2013)

Citation

Table 2
Adolescent Eye Tracking and Electrophysiological Studies.

1;9,
2; 15

12

18

1;
31,
2; 20

10

10

N

1; 20.7 (2.77)
2; 16.8 (2.57)

17.1 (2.78)

WRIT
(ASD = FXS
only)

CA

CA, Gender

CA

1;16.55(3.3), 2;
16.75 (3.71)

14.33 (1.52)

CA, DAS, SB,
WISC (ASD),
WASI (TD)

CA

14.6 (1.2)

14.6 (1.2)

Mean age (SD)

Matching
procedure

Labelling
(neutral/
emotion)

Labelling
(neutral/
emotion)

Implicit

Happy, Fear, Anger

Neutral, Happy, Fear,
Anger

Static, photographs.
Direct and Averted Gaze.
3 s exposure time.

As above.

Face pairs: Disgust,
Anger, happy, calm
(instead of neutral),
Single face: Happy,
Sad, Surprise, Anger,
Disgust, fear. Analysis
undertaken on Disgust,
angry and happy only.

Happy, Sad, Surprised,
Disgust, Fear, Anger,
Neutral

Static, Photographs, 6 s
exposure time.

Static, photographs of
single faces and face
pairs. Both presented for
4s

Joy, Surprise,
Contempt, Sad, Fear,
Disgust, Anger

Dynamic, VR avatar,
10–15 s exposure time of
neutral face lip syncing
followed by expression
of varying intensity for
5s

Labelling

Labelling

Enjoyment, Surprise,
Contempt, Sad, Fear,
Disgust, Anger

Emotions

Dynamic, VR avatar,
25–40 s exposure time of
neutral face lip syncing
followed by expression
presented for 5s.

Stimuli

Labelling

Task Format

92% (22/24). Small
sample size. Participants
only matched on CA

92% (22/24). Sample size
small. Outcome measure
partially described.

88% (21/24). ASD sample
small. Participants
matched only on CA but IQ
controlled forStimuli not
randomized.
88% (21/24). Sample size
small. Participants
matched on CA.

75% (18/24). Sample size
small. Participants
matched on CA. Analytic
method partially
described. Stimuli not
randomized. Partial
discussion of limitations
and confounders.
75% (18/24). Sample size
small. IQ of TD group not
assessed, although FXS and
ASD group did not diﬀer in
IQ. Stimuli not
randomized. ET results not
(continued on next page)

ASD ﬁxation time to face eyes, nose
and other = TD. ASD ﬁxation time on
mouth < TD. ASD ﬁxation time on
forehead > TD.

ASD and 22q11DS # of ﬁxations to
face < TD. When IQ controlled for
this eﬀect was not signiﬁcant. ASD
ﬁxation time on core features = TD.
ASD ﬁxation time on face and
eyes = TD. After controlling for
negative evaluation, ASD ﬁxation time
on eyes and face < TD. In ASD, Fear
of negative evaluation in ASD
predicted ﬁxation duration to face for
anger and disgust When stimulus
presentation divided into 500 ms
epochs, ASD ﬁxation time on angry in
1st 500ms < TD. Progressive
disengagement to disgust more
apparent in ASD versus TD. ASD
attention to disgust in 1st, 7th and 8th
500 ms epoch < TD.
ASD ﬁxation time on eyes < TD. ASD
ﬁxation time on mouth and face = TD.

ASD ﬁxation pattern on eyes and
mouth = FXS.

Methodology Quality

ASD ﬁxation time on forehead > TD
and ﬁxation time on mouth < TD.
ASD ﬁxation time outside of
face > TD. ASD ﬁxation time on
face < TD. Similar results for correct/
incorrect trials.
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Autism,
AS, PDDNOS

ASD

ASD

Gross et al.
(2012)

Wagner et al.
(2013)

ASD

Akechi et al.
(2010)

EEG
Lerner et al.
(2013)

AS

Hanley et al.
(2012)

17

17
(2.2)

14.1
(2.7)

13.7
(2.3)

14

10

13.07
(2.07)

34

20.5

17 (7)

26

Autism,
AS, PDDNOS

Tottenham
et al.
(2014)

14

17.0
(2.2)

17

ASD

TD

1; TD, 2;
ADHD

TD

Age group
Norms

TD

TD

TD

Diagnosis

Mean
age
(SD)

Diagnosis

N

Comparison

Clinical

Sample

Wagner et al.
(2013)
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16

1;
11,
2; 9

14

14

39

19

N

CA, KBIT-2

CA

1; 14.8 (4.5) 2;
14.2 (3.9)

17.9 (2.5)

CA, Gender,
WISC III
(Japanese)

CA Gender,
WASI

WASI, PPVT 3

CA, KBIT-2

12.32 (2.1)

20.4

17 (9)

17.9 (2.5)

Mean age (SD)

Matching
procedure

Anger, Disgust, Fear,
Sad

Anger, Fear, Neutral

Static, photographs,
300 ms exposure time.

Static, photographs, 5 s
exposure time.
Implicit

Implicit and
Labelling
(anger,
disgust)

Anger, Fear

Static, direct and
averted gaze, Stimuli
exposure time 1.2s

Labelling

Happy, Fear, Sad,
Excited, Disgusted,
Angry Romantic,
Thinking, Bored, sorry

Static, photographs, 5
conditions: isolated
posed faces, isolated
acted faces, isolated
naturalistic faces, acted
social scenes and
naturalistic social scenes.
5 s exposure time.
Happy, Sad, Anger,
Fear

Anger, Neutral, Happy

Static, photographs,
300 ms exposure time.

Static, photographs of
child and adult faces
with high and low
intensity, stimuli
presented until
participant response,
maximum 3s.

Anger, Fear, Neutral

Emotions

Static, photographs, 5 s
exposure time.

Stimuli

Labelling

Implicit

Labelling and
Implicit (ET
behavior
obtained only
during
Implicit task)

Implicit

Task Format

ASD P100 amplitude = TD. ASD no
diﬀerence of N170 between fearful,

ASD had a lower induced gamma in
emotion recognition task versus gender
recognition. ADHD higher induced
gamma in emotion recognition versus
gender recognition. ADHD higher
induced gamma than ASD in emotion
recognition.

ASD P100 amplitude = TD and VPP
amplitude and latency = TD. ASD
N170 latency = TD. ASD N170
amplitude to congruent (fearful with
averted gaze, anger with direct)
= incongruent stimuli. TD N170
amplitude to
congruent > incongruent stimuli.

N170 latency associated with decrease
accuracy, after controlling for IQ and
age no longer signiﬁcant. Larger N170
amplitudes had faster responses.
Shorter N300 latencies associated with
faster response times for adult faces.

ASD Fixation time on posed and acted
faces = TD. For naturalistic isolated
faces, ASD ﬁxation time on hair > TD.
For acted social scenes, ASD ﬁxation
time on eyes < TD and ﬁxation time
on body > TD. For naturalistic scenes,
ASD ﬁxation time on eyes and
face < TD.

ASD gaze towards eyes < TD for
neutral. ASD gaze towards eyes of
angry = TD. ASD participants who
gave higher threat ratings to neutral
faces produced less eye movements
towards eyes. This was not seen for
angry faces or in TD.

ASD ﬁxation time on face, eyes and
mouth = TD.

Key Findings

(continued on next page)

100% (24/24)

83% (20/24). Sample size
small. Limited discussion
of study limitations.
Stimuli randomly selected.
IQ measured however
matching procedure
unclear.

92% (23/24). Sample size
small.

100% (24/24)

88% (21/24). Sample size
small. Participant
characteristics limited in
description. Partial
description of limitations.

100% (24/24).

100% (24/24)

reported in suﬃcient
detail. Conclusions
partially supported by
results.

Methodology Quality
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Abbreviations;: ASD; Autism Spectrum Disorder, TD; Typically Developing, CA; Chronological age, VR; Virtual reality, DAS; Diﬀerential Ability Scales SB; Stanford Binet, WISC; Wechsler Intelligence Scale for Children, WASI; Wechsler Abbreviated
Scales of Intelligence, AS; Asperger Syndrome, PDD-NOS; Pervasive Developmental Disorder Not Otherwise Speciﬁed FXS; Fragile X Syndrome, WRIT; Wide Range Intelligence Test, KBIT-2; Kauﬀman Brief Intelligence Test PPVT; Peabody Picture
Vocabulary Test ADHD; Attention Deﬁcit Hyperactivity Disorder. N/A denotes areas where suﬃcient information were not provided by study.
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N

Mean
age
(SD)

Comparison

N

Mean age (SD)

Matching
procedure

Task Format

Stimuli

Emotions

Key Findings

angry, neutral. TD N170 amplitude to
fear > angry.

Methodology Quality
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studies on 14 criteria relating to the research hypothesis, methods,
study samples, reporting of results, and conclusions. Two criteria of the
Kmet form did not apply to the studies included in this review (intervention blinding of assessor and subject), so the form used for the
current systematic review included only 12 criteria (Appendix B). For
each of the 12 criteria, the study is allocated a score of 2 (yes/addressed), 1 (partially addressed) or 0 (not addressed) according to the
degree to which the criterion was met, therefore the maximum score
that any study could achieve was 24 (e.g., 2*12) Studies achieving a
score of 80% or greater are rated as strong, 70–80% are good, 50–69%
are adequate and scores of 50% or lower are considered limited.
3. Results
3.1. Search results
The search resulted in a total of 744 articles with the following
distribution: Cinahl (40), Embase (189), Medline (171), ProQuest (15),
Psycinfo (118), and Scopus (211). Duplicate removal resulted in a total
of 484 eligible articles. The titles and abstracts of these articles were
reviewed by the ﬁrst author (MB), resulting in 70 articles being forwarded to full text review. The secondary review excluded an additional 15 articles and included an additional four (two EEG and two ET)
from the reference lists of the included articles, one article was also
included following inter-rater review (described in Section 3.2). In
total, 54 articles were included in this review (31 ET, 22 EEG, 1 ET and
EEG).
3.2. Inter-Rater reliability
A random selection of ﬁfty articles identiﬁed from the electronic
database search were reviewed by two researchers with a background
in ASD and FER according to the inclusion and exclusion criteria in
order to assess the inter-rater reliability of article assessment. The two
reviewers reached consensus on 48 of the 50 articles (96%) and following discussion the reviewers reached agreement on all 50 articles
(100%) with one additional article being included in the review
(Fig. 1).
3.3. Study type
Fifty–two studies were case-control in nature whereby a sample of
individuals with ASD was compared to a comparison group. Two studies did not have a comparison sample (Gayle et al., 2012; Lerner et al.,
2013).
3.4. Methodological quality
The majority of included studies (k = 48) were of strong methodological quality (score of 80% or greater) and six were of good
methodological quality (70–80%) as assessed by the Kmet form for
quantitative analysis. Tables 1–3 outline the assessed methodical
quality of the studies. Limitations primarily existed in the description of
participant characteristics, process of matching or sample size (Tables
1–3).
3.5. Participant characteristics
As shown in Tables 1–3, Autism, HFA, AS and ASD were the most
common clinical samples in this review. Some studies reported including participants with a PDD-NOS diagnosis (Akechi et al., 2010; Bal
et al., 2010; Crawford et al., 2015; Dawson et al., 2004; de Wit et al.,
2008; Falck-Ytter et al., 2010; Fujita et al., 2013; Magnée et al., 2008;
McCabe et al., 2013; Tottenham et al., 2014; Van der Geest et al.,
2002). Primarily, ASD participants were high functioning (at least
average IQ) however, one study reported including a sample of
498

499

Autism

Autism

Autism

Sasson et al.
(2007)

Spezio et al.
(2007a)

AS

LFAS

9 (8
ET)

10

10

29

12

23
(6.75)

23
(5.27)

23 (2)

21.6
(9.8)

19.5
(3.1)

TD

1;TD,2;
Schizophrenia

TD

TD

1; TD child, 2;
TD adolescent

Diagnosis

Mean
age (SD)

Diagnosis

N

Comparison

Clinical

Sample

Neumann
et al.
(2006)

Sawyer et al.
(2012)

Eye Tracking
Han et al.
(2015)

Citation
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10 (5
whole
face)

1;10.2;
10

10

24

1; 12, 2;
12

N

CA, WASI

28 (8.15)

Labelling

Labelling

CA, WASI

1; 22.4
(6.3) 2;
28.1
(5.07)

Implicit and
Labelling (ET
obtained only
during full
face and
passive
viewing)

Matching

Labelling

CA, WASI

RCPM

Task Format

CA, WASI,
Gender

28 (3)

24 (9.2)

1; 7.0
(2.2), 2;
13.4
(0.9)

Mean
age (SD)

Matching
Procedure

Happy, Disgust, Fear,
Surprise

Happy, Sad,
Surprised, Fear,
Anger, Disgust,
Scheming, Guilt,
Thoughtful,
Admiring, Quizzical,
Flirting, Bored
Interested, Arrogant,
Embarrassed
Fear, Happy
(Gaussian bubbles),
happy, sad, anger,
fear, disgust,
surprise, neutral
(whole face)

Happy, Surprise,
Fear, Anger, Sad,
Disgust, Neutral

Fear, Happy
(Gaussian Bubbles),
Happy, Fear, Anger,
Surprise, Disgust
(whole face)

Static, photographs, 5 s
exposure time.

Static, Whole Face and
Gaussian Bubbles
Upright and Inverted
Faces. Whole face
stimuli exposure time 1s.
Bubbled stimuli
presented until
participant response or a
maximum of 10s.
Static, faces and
digitally erased faces,
exposure time 3s.

Static Whole Face and
Gaussian Bubbles.
Stimuli displayed until
participant response
with maximum of 10s.

Emotions

Dynamic, (morphing)
Human Face and
mechanical Face). 4 s
exposure time.

Stimuli

87% (21/24). Sample size
small. Partial discussion of
limitations

In bubbled condition, ASD ﬁxation
time and # of ﬁxations to
mouth > TD and ASD ﬁxation
time to right eye < TD. ASD
ﬁxation time for whole face

(continued on next page)

83% (20/24). Sample size
small. Stimuli not
randomized. Partial
discussion of limitations.
In face present condition: ASD
ﬁxation time on face < TD. ASD
oriented to faces at the same speed
regardless of face condition. ASD
showed negative correlation
between ﬁxation time on face and
recognition accuracy in face
present condition. TD oriented
faster to face in face present
condition compared to face-absent.

92% (22/24). Sample size
small. Whole face stimuli
viewed by 11 participants.
Limited discussion of
limitations.

96% (23/24). Partial
discussion of limitations.

ASD ﬁxations on eyes and
mouth = TD. ASD% of time ﬁrst
ﬁxations to eyes = TD.

ASD viewing of upright whole
faces = TD. When faces whole and
inverted, ASD ﬁxation time on
mouth > TD. In bubbled
condition, ASD ﬁxation time on
mouth > TD and ASD ﬁxation
time on eyes < TD.

88% (21/24). Stimuli not
randomized. Limitations
partially discussed.

Methodological Quality

ASD ﬁxation time < TD. ASD
ﬁxation time on core
features > non-core features. ASD
ﬁxation time on core
features < TD for mechanical
display. ASD ﬁxation time on core
features of mechanical
face < human face. ASD ﬁxation
time to mechanical motion > TD.
ASD ﬁxation time on core
features = mechanical motion. TD
ﬁxation time on core
features > mechanical motion.
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5

11

24

HFA

autism, AS

AS

Rutherford
et al.
(2008)

Falkmer
et al.
(2011)

11

Autism

Hernandez
et al.
(2009)

Pelphrey
et al.
(2002)

8

Autism

29
(10.8)

25.8
(6.09)

25.2

24.09
(8.31)

23
(7.11)

TD

TD

TD

TD

TD

Diagnosis

Mean
age (SD)

Diagnosis

N

Comparison

Clinical

Sample

Spezio et al.
(2007b)

Citation
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24

11

5

23

10

N

28.9
(10.6)

25.7
(8.87)

28.2

22.2
(3.6)

28 (8.15)

Mean
age (SD)

CA, gender

CA, Gender,
WAIS,
Education

N/A

N/A

CA, WASI

Matching
Procedure

Matching

Static, Whole Face and
Puzzled. Puzzled stimuli
exposure time 10s,
whole face stimuli
displayed until
participant response.

88% (21/24). Participant
IQ not accounted for.
Stimuli not randomized.

Puzzled stimuli: ASD # of ﬁxations
on eyes < TD. ASD # ﬁxations on
mouth > TD. ASD # ﬁxations on
non-core/outside face = TD. ASD
ﬁxation time on mouth < TD.
ASD ﬁxation time to eyes and noncore/outside of face = TD. Whole
face stimuli: ASD # ﬁxations on
eyes < TD. ASD # ﬁxations on
Happy, Anger,
Surprise

(continued on next page)

83% (20/24). Sample size
small. Stimuli not
randomized. Partial
discussion of limitations.

ASD ﬁxation time to eyes and
mouth = TD. ASD ﬁxation time on
features of complex
emotion < basic emotion. TD
ﬁxation time on features of
complex emotion > basic
emotion.
Static, photographs,
stimuli exposure time
2.5s

Labelling

Happy, Surprise,
Anger, Disgust, Sad,
Distress, Scheming,
Thoughtful, Flirting,
Admiring, Quizzical,
Bored, Interested,
Guilty, Arrogant.

Happy, Fear, Anger,
Disgust, Surprise, Sad

Static, photographs, 2 s
exposure time

71% (17/24). Sample size
small. Matching procedure
unclear. Results not
reported in suﬃcient detail.
Stimuli not randomized.

79% (19/24). Sample size
small. Participant matching
procedure unclear.
Participant source not
described. Participant
characteristics partially
described Limitations
partially discussed.

ASD ﬁxation time on core
features = ﬁxation time on noncore/outside features. TD ﬁxation
time on core features > ﬁxation
time on non-core/outside features.
ASD ﬁxation time on eyes < TD
for netural, happy, sad, neutral
with averted gaze and avatar
stimuli. ASD ﬁxation on
nose < TD for neutral, happy, sad
and neutral with averted gaze
stimuli. ASD ﬁxation time on
mouth = TD. ASD ﬁxation time on
outside regions/oﬀ screen > TD
for all stimuli. ASD started
exploration of face on eyes < TD
and started exploration on
mouth > TD.
Happy, Sad, Neutral

Static, photographs,
neutral faces with direct
and averted gaze,
emotional faces and
avatar faces.4 s exposure
time.

ASD ﬁxation time and # of
ﬁxations on core regions < TD.
ASD ﬁxation time on eyes and
nose < TD, ASD ﬁxation time on
mouth = TD. ASD # ﬁxations and
ﬁxation time on face = TD

83% (20/24) Sample size
small. Results not reported
in suﬃcient detail. Partial
discussion of limitations

When bubbles revealed more
information in the left eye, ASD
ﬁxation time on mouth > TD.
When bubbles revealed more
information at the mouth, ASD
ﬁxation time on mouth < TD.

Fear, Happy

Methodological Quality

Static, Gaussian
Bubbles. Stimuli
displayed until
participant response
with maximum of 10s.

Key Findings

condition = TD.

Emotions

Whole face stimuli
displayed for 1s.

Stimuli

Implicit and
Labelling

Implicit

Labelling

Task Format
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501

12

ASD

AS

Kliemann
et al.
(2010)

Corden et al.
(2008)

18

20

autism

32.9
(13.35)

35.4
(8.1)

31.9
(7.6)

TD

TD

TD

TD

16

Autism AS

30.44
(6.34)

Diagnosis

N

Diagnosis

Mean
age (SD)

Comparison

Clinical

Sample

Kirchner
et al.
(2011)

Kliemann
et al.
(2012)
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17

11

21

17

N

31.9
(11.30)

27.1
(2.6)

31.8
(7.4)

30.47
(6.23)

Mean
age (SD)

CA, Gender,
WASI, DTVP

Gender, MWT

CA, gender,
education,
Wortschatztest

CA, MWT Nonverbal
strategic
thinking (Leistungspru
fsystem)

Matching
Procedure

Implicit and
Labelling

Labelling

Labelling

Labelling

Task Format

Complex Negative
emotion from MET
(e.g., Sad, Anger)

Happy, Fear, Neutral

Happy, Sad, Fear,
Surprise, Anger,

Static, photographs,
150 ms exposure time.

Static, photographs.
2.5 s stimuli exposure

Happy, Fear, Neutral

Emotions

Static, photographs,
naturalistic. 4.5 s
Exposure time.

Static, photographs,
150 ms exposure time.

Stimuli

100% (24/24).

ASD ﬁxations on eyes < TD. ASD
ﬁxations on face = TD. Fixation

(continued on next page)

96% (23/24). ET sample
size small.

92% (22/24). Stimuli
counterbalanced.

96% (23/24). Partial
discussion of limitations.
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ASD preference for eyes < TD.
ASD tendency to gaze away from
eyes downward to mouth when
initially ﬁxating on eyes > TD. TD
tendency to gaze upward to eyes
than downward to mouth for
neutral and fear. ASD eye
preference index positively
correlated with performance, not
seen in TD. Eye preference index
negatively correlated with ADI-R
social score. No correlation of ADIR communication score, AQ or
verbal IQ and gaze patterns.

ASD ﬁxation time on eyes and
mouth = TD. ASD ﬁxation time on
face < TD. Fixation time on eye
predictor of performance in ASD
group and ﬁxation time on mouth
negative predictor of performance
in ASD.

Emotion eﬀect on eye preference in
TD but not ASD. Across emotions
TD higher preference index for
eyes, while ASD lower preference
index for eyes – most pronounced
in neutral faces. Eye movements
away from eyes correlated with
reduced recognition performance
in ASD in mouth condition.

non-core/other parts of
face > TD. ASD # ﬁxations on
mouth = TD. ASD ﬁxation time on
non-core/other parts of
face > TD. ASD ﬁxation time on
eyes and mouth = TD. ASD with
highest recognition accuracy made
more ﬁxations on the eyes of
puzzled stimuli, made fewer
ﬁxations on non-core/outside
regions of whole face stimuli, had
shorter ﬁxation times on the eyes of
puzzled stimuli and shorter ﬁxation
times to the mouth of whole faces
compared to ASD participants with
lowest recognition accuracy.
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AS

AQ traits

High AQ

Gayle et al.
(2012)

Lassalle et al.
(2015)

AS

25

37

10

5

20.44
(2.27)

19.8
(1.67)

19.6
(1.96)

19.2

Low AQ

TD

TD

TD

11

Autism,
ASD,AS

34.6
(9.01)

Diagnosis

N

Diagnosis

Mean
age (SD)

Comparison

Clinical

Sample

Tseng et al.
(2015)

EEG
Yang et al.
(2011)

Boraston
et al.
(2008)

Citation

Table 3 (continued)

25

10

7

11

N

21.28
(2.54)

24.4
(3.24)

N/A

39.6
(11.1)

Mean
age (SD)

N/A

Gender, WAIS
III

N/A

CA, WASI

Matching
Procedure

Implicit

Implicit

Labelling
(sliding scale
angry to
happy)

Labelling
(sliding scale
angry to
happy)

Labelling

Task Format

Neutral, Happy,
Anger

Neutral, Sad, Happy

Fear, Happy

Static, Photograph and
line drawing of face.
Exposure time 1s

Static, photographs
exposure time 150 ms.

Static, Direct and
averted gaze and upright
and inverted. Neutral
face with direct gaze
exposure time 500 ms,
neutral face with averted
gaze exposure time
200 ms, emotion face
with averted gaze
exposure time 300 ms.

Anger, Happy,
Neutral

Neutral, Genuine
Smile, Posed Smile

Static, photographs,
2.5 s exposure time.

Static, photograph, 4 s
exposure time.

Disgust

Emotions

time.

Stimuli

Eﬀect of congruency on P100
signiﬁcant in low but not high AQ
group. EDAN in high AQ = EDAN
in low AQ. Laterality eﬀect of
ADAN present in low AQ group
only.

vMMN amplitudes to happy
positively correlated with AQ score
(smaller/more positive amplitude
associated with higher AQ score).

ASD N170 amplitude and
latency = TD. In line drawing task
ASD N400 amplitude = TD. In
photograph task N400 amplitude in
ASD < TD.
ASD weaker delta/theta
synchronization than TD in early
and late stages of emotion
recognition. ASD fewer distant
inter-hemispheric connections than
TD in photograph task but similar
to TD in line drawing task.

Theta synchronization weaker in
ASD. Beta2 and alpha
desynchronization strong in ASD

ASD gaze time on eye
region < TD ASD ﬁxations to the
eye region < TD No correlations
found between gaze time or %
ﬁxations and performance.

time not associated with ASD
symptom severity. Reduced
recognition of fear in ASD
associated with fewer ﬁxations on
eyes. High social anxiety in ASD
associated with reduced ﬁxations
on eyes.

Key Findings

(continued on next page)

92% (22/24). Participant
matching procedure
unclear, however, anxiety
measured for all
participants. Limited
discussion of limitations.

92%(22/24) Limited
discussion of participant
characteristics. Stimuli
pseudo-randomized.

95% (23/24). Sample size
small.

71% (17/24). Sample size
small. Limited discussion of
participant source or
participant characteristics
and matching procedures.
Control population not
described. Limited estimate
of variance.

92% (22/24). Sample size
small. Partial discussion of
limitations.
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AS

High AQ

Autism,
AS, PDDNOS

Cooper et al.
(2013)

Fujita et al.
(2013)

25.4 (for
both
groups)

31.5

9

24.6
(8.8)

23.5
(5.2)

22.7
(3.8)

21.5
(4.0)

10

15

15

AS

O’Connor
et al.
(2007)

O’Connor
et al.
(2005)

23

HFA

Magnee et al.
(2011)

12

PDD

TD

Low AQ

TD

TD

TD

TD

Diagnosis

Mean
age (SD)

Diagnosis

N

Comparison

Clinical

Sample

Magnee et al.
(2008)

Citation

Table 3 (continued)

10

10

15

15

24

13

N

26.8

25.4 (for
both
groups)

: 23.8
(8.7)

23.8
(4.4)

22.7
(1.9)

23.0
(2.9)

Mean
age (SD)

CA

N/A

CA, Gender

CA

CA, WAIS III
(Dutch)
Gender

CA, WAIS III

Matching
Procedure

Implicit

Implicit

Labelling

Happy, Sad, Anger,
Fear

Happy, Anger,
Neutral

Fear, Neutral

Dynamic, video of faces
with hand movement.
Stimuli exposure time
3 s.

Static, photographs,
upright and inverted.
20 ms exposure time.

Neutral, Sad

Static, photographs,
stimuli exposure time
600 ms.

Static, photographs,
Stimuli 1 s exposure
time.

Fear, Happy

Static, Congruent and
Incongruent Visual and
Auditory Pairs. Face
stimuli exposure time
100 ms, auditory stimuli
presented for 500 ms.

Implicit

Labelling

Fear, Happy

Emotions

Static, photographs with
congruent and
incongruent auditory
pairs. Face stimuli
presented for 900 ms
before auditory stimuli.
Face stimuli remained
until end of auditory
presentation.

Stimuli

Implicit

Task Format

ASD N100 amplitude for upright
and inverted faces = upright and
inverted objects. TD N100
amplitude to fear in
upright > objects in upright. No
subliminal face eﬀect in ASD
(object – fear or neutral). TD
subliminal face eﬀect with N100
amplitude for upright
fear > inverted fear. ASD N100
amplitude subliminal face

High AQ greater low beta event
related desynchronization to angry
compared to happy. No group
diﬀerences in alpha. Low AQ
greater low beta event related
desynchronization to happy
compared to angry and neutral;
low AQ had greater low beta event
related desynchronization to happy
compared to high AQ.

ASD P100 amplitude = TD. ASD
P100 and N170 latencies > than
TD. ASD N170 amplitude < than
TD. ASD P200 = TD.

ASD N170 amplitude = TD. ASD
N170 latency to eyes and
mouth > than TD. ASD latency to
faces > TD. ASD N170 latency to
faces = objects. TD N170 latency
to faces shorter than to objects.
ASD P100 = TD.

No diﬀerences in N170 to visual
stimuli. TD had signiﬁcant
congruency eﬀects for N170
amplitude for divided attention
condition (both auditory and visual
input) in left hemisphere but not
ASD group.

ASD N170 and P100 = TD. ASD
N200 amplitude to fear
voice < happy voice when
presented with fear face. TD N200
amplitude to fear voice > happy
voice when presented with fear
faces.

Key Findings

(continued on next page)

88% (21/24). Sample size
small. Participants matched
on CA.

83% (20/24). Sample size
small. Limited discussion of
participant source or
participant characteristics.
Group matching procedure
unclear.

92% (22/24). Sample size
small. Participants matched
on CA.

92% (22/24). Sample size
small. Participants matched
on CA.

88% (21/24). Limited
discussion of participant
source. Analytic method
partially described.
Limitations partially
described.

83% (20/24). Sample size
small. Analytic method
partially described. Limited
discussion of source of
participant and discussion
of limitations.
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N

Mean
age (SD)

Comparison

N

Mean
age (SD)

Matching
Procedure

Task Format

Stimuli

Emotions

Key Findings

eﬀect < TD for upright condition.
ASD P300 = TD.
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individuals with LFA (Han et al., 2015).
In the majority of studies, comparison groups consisted of TD individuals. A subset of studies compared the ASD sample to groups of
participants with other disabilities or conditions such as ADHD (Gross
et al., 2012; Tye et al., 2014), developmental delay (Vlamings et al.,
2010), Fragile X syndrome (FXS) (Crawford et al., 2015; Dalton et al.,
2008), 22q11 Deletion Syndrome (22q11DS) (McCabe et al., 2013) and
Schizophrenia (Sasson et al., 2007) while two studies included in this
review did not include a comparison sample (Gayle et al., 2012; Lerner
et al., 2013). Participant groups were primarily matched on chronological age and verbal or non-verbal intelligence (Tables 1–3).
3.6. Task format
Procedures requiring participants to overtly determine the presented emotion via labelling or matching tasks were employed in 31
studies. Implicit tasks, that is, those that did not require the explicit
recognition of emotion or required only the passive viewing of stimuli,
were used in 32 EEG and ET studies, with a number of studies employing both.
Stimuli consisted primarily of static photographs. Eight studies
presented dynamic stimuli of facially expressed emotions (Bal et al.,
2010; Bekele et al., 2014; Bekele et al., 2013; Cooper et al., 2013; de
Jong et al., 2008; Falck-Ytter et al., 2010; Han et al., 2015; Nuske et al.,
2014a). While whole face stimuli were presented in the majority of
studies, some studies utilised experimentally manipulated stimuli including; revealing only certain features of the face via bubbles (Spezio
et al., 2007a; Spezio et al., 2007b) or puzzle pieces (Falkmer et al.,
2011; Leung et al., 2013), presenting upright and inverted stimulus
orientation (Falck-Ytter et al., 2010; Fujita et al., 2013; Lassalle and
Itier, 2015; Neumann et al., 2006), manipulating spatial frequencies (de
Jong et al., 2008; Vlamings et al., 2010) or line drawings (Tseng et al.,
2015), direct and averted gaze (Akechi et al., 2010; Hernandez et al.,
2009; Lassalle and Itier, 2015; Van der Geest et al., 2002), familiar and
unfamiliar faces (Nuske et al., 2014a), and digitally erased faces (Sasson
et al., 2007).
The six basic emotions (happiness, anger, sadness, disgust, fear,
surprise) or a subset of these six were presented in the vast majority of
studies. For the purposes of this review ‘neutral’ was also considered a
basic expression due to its potential in controlling for eﬀect of emotional content on the outcomes. Complex emotions such as calm (de Wit
et al., 2008), contempt (Bekele et al., 2014; Bekele et al., 2013), ﬂirting,
admiring, quizzical (Rutherford and Towns, 2008; Sawyer et al., 2012)
and others were presented in a limited number of studies (Bekele et al.,
2014; Bekele et al., 2013; Kirchner et al., 2011; Rutherford and Towns,
2008; Sawyer et al., 2012). Two studies used stimuli that consisted of
posed and Duchenne smiles to determine diﬀerences in the eye gaze
patterns when diﬀerentiating genuine and posed smiles in ASD
(Boraston et al., 2008; Key et al., 2015).
4. Eye tracking
4.1. Children
4.1.1. Static basic emotions (k = 6)
Findings of studies comparing children with ASD to TD samples
were mixed in regard to eye gaze patterns to the core facial features.
Van der Geest et al. (2002) not only reported a similar number of
ﬁxations to the eyes and mouth, but also found that children with ASD
made the majority of their ﬁrst ﬁxations to the eyes, similar to TD
populations, when completing a free viewing task of angry, happy,
neutral and surprised expressions. de Wit et al. (2008) also failed to ﬁnd
reduced gaze to eyes in children with ASD during the viewing of happy,
anger and fearful expressions. Similar ﬁndings were reported by FalckYtter et al. (2010) when examining the ratio of looking time to happy,
angry, disgusted, fearful, neutral and unlabelled grimace emotions,
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have been found, most notably in relation to gaze time towards the
mouth. In Nuske et al. (2014a), TD children ﬁxated more to the mouths
of neutral expressions than children with ASD when viewing familiar
and unfamiliar faces. However, Falck-Ytter et al. (2010) reported no
group diﬀerences in time spent ﬁxating on the mouth.
Children with ASD have also been found to spend less time looking
at faces overall in comparison to their TD counterparts in two studies
when viewing dynamic stimuli (Bal et al., 2010; Nuske et al., 2014a).
Children with ASD had greater ﬁxation duration percentages to regions
other than the face when presented with fearful faces, but not other
emotions (Bal et al., 2010). Nuske et al. (2014a) found a reduction in
the number of ﬁxations to neutral faces but not fearful faces in children
with ASD. Correlations between the ADI-R and gaze behaviour to faces
were reported in one study (Falck-Ytter et al., 2010). Similar to the
ﬁndings with static faces, children with ASD showing high social impairment scores spent more time ﬁxating on the mouth and less on the
eyes when viewing dynamic stimuli compared to those with low social
impairments. Higher communication impairment scores were associated with less looking time to the mouth, however, there were no
correlations between gaze to the eyes and communication impairment.
When using the Social Communication Questionnaire (SCQ), a measure
of autism symptoms derived from the ADI-R, these ﬁndings relating to
social impairment and the mouth were replicated. When examining
dynamic stimuli presenting an action, those children with ASD who had
increased looking time to the face as opposed to the action, had lower
social impairment scores but higher communication impairment scores.

with children with ASD having similar looking times to both the eyes
and mouth. Leung et al. (2013) reported comparable results in response
to angry, happy, and surprised emotions. They presented children with
ASD with whole face stimuli and puzzle pieces with eyes either bisected
or whole. They postulated that the eyes bisected condition would not
aﬀect the recognition accuracy of children with ASD due to their purported lower reliance on the eyes in face and emotion processing.
However, not only did the children with ASD make a similar number of
ﬁxations to the eyes as their TD counterparts, their accuracy in recognition was also impaired in the eyes bisected condition to a similar
extent as in the control sample (Leung et al., 2013).
Nuske et al. (2014b) hypothesised that children with ASD would
display diﬀerences in gaze behaviour in response to emotional faces,
presented for either 30msec, 300msec, or 2 s. Consistent with this,
children with ASD had shorter ﬁxation durations to the eyes of fearful
expressions and neutral faces across all stimuli exposure conditions
(30 msec, 300 msec, 2 s) driven by diﬀerences in the longest exposure
time (2 s). Children with ASD also made shorter ﬁxations not only to
neutral faces when presented for the longest exposure period (2 s), but
also to fearful expressions when presented for 30 msec and 2 s (Nuske
et al., 2014b). Furthermore, children with ASD made shorter ﬁxations
to the mouths of neutral, but not fearful faces across display conditions
(driven by diﬀerences in the 2 s conditions). Van der Geest et al. (2002),
reported no diﬀerences between children with ASD and TD children in
either the number of ﬁxations or the time spent on the face or non-core
face areas. Nevertheless, de Wit et al. (2008) found that children with
ASD had a shorter overall looking time compared to TD children. Similar to the ﬁndings in regard to the core features of the face, Leung
et al. (2013) reported no diﬀerences in the number of ﬁxations but
reported longer ﬁxation durations for children with ASD regardless of
stimuli type, emotion or area of interest.
When examining correlations between social and communication
abilities as measured by the Autism Diagnostic Interview-Revised (ADIR), de Wit et al. (2008) found a negative correlation between these
scores and looking time to the screen and percentage of looking time to
the mouth. Similarly, when examining children with and without ASD,
Falck-Ytter et al. (2010) found a positive correlation between social
impairment and looking time to the mouth and a negative correlation
between social impairment and looking time to the eyes, while the
inverse was true for communication impairment.
When compared to children with FXS, children with ASD looked
signiﬁcantly more to the eyes of neutral expressions. However, dwell
time on faces with happy, disgusted, and neutral expressions was similar in both groups, suggesting that attention to emotional faces is
allocated similarly in these groups (Crawford et al., 2015).

4.2. Adolescents
4.2.1. Static basic emotions (k = 6)
Adolescents with ASD were found to spend less time looking at faces
expressing emotion compared to the TD counterparts (McCabe et al.,
2013; White et al., 2015). McCabe et al. (2013) reported a lower
number of ﬁxations in adolescents with ASD across the six basic emotions compared to TD adolescents. However, when controlling for IQ,
this diﬀerence was no longer signiﬁcant. White et al. (2015) found no
diﬀerences between their sample of adolescents with ASD and matched
controls to disgust and angry expressions, however, when accounting
for self-reported ratings on the fear of negative evaluation, the adolescents with ASD had shorter ﬁxation durations on the face. When
ﬁxation durations were assessed in 500msec bins, adolescents with ASD
reduced their ﬁxation durations to disgust expressions more so than TD
adolescents and had reduced ﬁxation durations to angry expressions
compared to TD adolescents during the ﬁrst 500msec, suggesting differences in disengagement from disgust and angry expressions in ASD
populations. In contrast however, Wagner (2013) reported no diﬀerences in the time adolescents with ASD spent viewing emotionally expressive faces.
In addition to a decrease in time spent ﬁxating on the face, adolescents with ASD were also reported to spend less time ﬁxating on the
eyes of emotionally expressive faces (Dalton et al., 2005; Tottenham
et al., 2014; White et al., 2015) with two studies reporting similar ET
patterns to the eye region in adolescents with and without ASD
(McCabe et al., 2013; Wagner et al., 2013). Tottenham et al. (2014)
reported that adolescents with ASD made fewer eye movements towards the eyes of neutral but not angry expressions. Dalton et al. (2005)
reported fewer ﬁxations to the eyes for happy, fear, angry and neutral
expressions. White et al. (2015) reported no diﬀerences in ﬁxations to
the eyes, however, when accounting for self-report scores of fear of
negative evaluation, adolescents with ASD presented with shorter
ﬁxation durations to the eye region. In a similar vein, Tottenham et al.
(2014) examined the correlations between how threatening adolescents
perceived an emotion to be and their gaze patterns. Adolescents with
ASD who perceived neutral faces as more threatening had a higher
tendency to look away from the eyes, however, this was not seen in
response to angry faces or in the TD adolescents.

4.1.2. Static complex emotions (k = 1)
The complex emotion of calm was included in one free viewing task
(de Wit et al., 2008). While this study did not conduct separate eye gaze
analysis comparing basic and complex emotions, it was found that
children with ASD had a shorter overall looking time to emotional faces
compared to TD children, however no diﬀerences were reported in
regard to ﬁxation time on the eyes.
4.1.3. Dynamic basic emotions (k = 3)
Reduced ﬁxations to the eyes were reported for children with ASD
in one study (Nuske et al., 2014a) that explored the eﬀect of face familiarity on emotion perception. While children with ASD had divergent gaze to the eyes, these diﬀerences were present only in response
to neutral, but not to fearful faces, with children with ASD making
fewer ﬁxations to the eyes regardless of familiarity of the face. In
contrast to these ﬁndings, Falck-Ytter et al. (2010) reported no diﬀerences in the number of ﬁxations children with ASD made to the eye
regions of angry, happy, disgusted, fearful, neutral, and grimace facial
expressions.
In regard to the other core facial features, ASD-linked diﬀerences
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Kliemann et al., 2010). Adults with ASD looked downward to the mouth
from the eyes more often than TD adults (Kliemann et al., 2010),
showing a decreased preference for the eyes of fearful and neutral expressions. This was consistent with Kliemann et al. (2012) who found
that adults with ASD made more saccades away from the eye region
than TD controls. Hernandez et al. (2009) found that when beginning
the exploration of emotional faces, TD adults began their search in the
eyes more often than adults with ASD.
Three studies found that individuals with ASD who made more
ﬁxations to the eyes had higher proﬁciency at emotion recognition than
those who did not or looked more at other areas of the face (Falkmer
et al., 2011; Kliemann et al., 2012; Kliemann et al., 2010). Corden et al.
(2008) found that those with ASD who looked less at the eyes had
poorer recognition of fear and those who had higher scores of social
anxiety ﬁxated less on the eyes.
In regard to looking time to other core facial features ﬁndings are
more mixed. Studies reporting on ﬁxations to the nose, found that
participants with ASD spent less time on the nose that TD adults
(Hernandez et al., 2009; Pelphrey et al., 2002).
Falkmer et al. (2011) found that adults with ASD made a similar
number of ﬁxations and had similar duration of ﬁxations on the mouth
as TD adults when viewing whole faces. Similarly, despite adults with
ASD having a smaller percentage of ﬁxation time to the core features,
Pelphrey et al. (2002) found no diﬀerences between groups in the
proportion of time spent on the mouth. Hernandez et al. (2009) found
similar results in their free-viewing task of happy, sad, neutral, neutral
faces with averted gaze and avatars with no diﬀerences in looking time
between groups. However, Hernandez et al. (2009) reported that adults
with ASD were more likely to begin their exploration of emotional faces
on the mouth compared to TD adults.
While some studies reported that adults with ASD ﬁxated less to
whole faces than their TD counterparts (Hernandez et al., 2009), others
reported no diﬀerences between groups (Corden et al., 2008; Neumann
et al., 2006; Pelphrey et al., 2002). Hernandez et al. (2009) found that
adults with ASD spent more time on regions peripheral to the face than
TD adults and while TD spent more time on the core facial features than
peripheral regions.
A number of studies used other experimental paradigms involving
the manipulation of facial stimuli in order to investigate the diﬀerential
eﬀect of top down and bottom up visual processing strategies (Falkmer
et al., 2011; Neumann et al., 2006; Sasson et al., 2007; Spezio et al.,
2007a, 2007b). Manipulations included examining the eﬀect of Gaussian bubbles (Neumann et al., 2006; Spezio et al., 2007a, 2007b) or
puzzle pieces (Falkmer et al., 2011), inverted faces (Neumann et al.,
2006) and digitally erased faces (Sasson et al., 2007). When viewing
inverted stimuli, Neumann et al. (2006) found that adults with ASD had
longer ﬁxation times to the mouth compared to the TD group. When
examining bubbled or puzzled stimuli, adults with ASD looked more at
the mouth and less at the eyes than TD adults in four studies (Falkmer
et al., 2011; Neumann et al., 2006; Spezio et al., 2007a, 2007b). Spezio
et al. (2007b) found that when information was available in the eyes
that could assist in the recognition of emotion, adults with ASD looked
more towards the mouth than TD adults. Sasson et al. (2007) presented
adults with and without ASD and schizophrenia with static images of
social scenes with the faces present or digitally erased, hypothesising
that the performance of the clinical populations would be more impacted by the face-present condition. The adults with ASD had a shorter
ﬁxation duration to faces in the face present condition in comparison to
TD adults with TD adults orientating to the face faster when the face
was present versus absent while ASD did not diﬀerentiate in orientation
speed (Sasson et al., 2007). In contrast to the ﬁndings of increased eye
ﬁxations and performance (Falkmer et al., 2011; Kliemann et al., 2012;
Kliemann et al., 2010), Sasson et al. (2007) found the opposite eﬀect,
with adults with ASD having a negative correlation between recognition accuracy and ﬁxation duration to the face.

None of the static simple emotion recognition studies in adolescents
reported diﬀerences in the eye gaze patterns to the mouth between
adolescents with and without ASD, a ﬁnding apparent across task formats, participant matching procedures and emotions (Dalton et al.,
2008; Dalton et al., 2005; McCabe et al., 2013; Wagner et al., 2013).
4.2.2. Static complex emotions (k = 1)
Hanley et al. (2012) sought to understand how adolescents process
static stimuli with varying levels of social content, presenting adolescents with and without ASD with static images of posed, acted and
naturalistic expressions as well as images taken from acted and naturalist social scenes. Hanley et al. (2012) found no diﬀerences for posed
or acted isolated expressions, however, adolescents with ASD spent
signiﬁcantly more gaze time viewing the hair of naturalistic isolated
faces. When viewing items taken from social scenes, adolescents with
ASD spent less time ﬁxating on the eyes and more time on the body in
acted social scenes and less time on the eyes and face in naturalistic
social scenes (Hanley et al., 2012).
4.2.3. Dynamic complex emotions (k = 2)
Dynamic complex emotions were used by two studies presented by
the same authors (Bekele et al., 2014; Bekele et al., 2013). These studies
attempted to evaluate the eﬀect of immersive stimuli on emotion recognition in ASD using animated avatar faces expressing facial emotions. Both studies, examined emotion recognition as well as eye gaze
patterns while the avatar was telling a story or talking with a neutral
expression. Adolescents with ASD had a greater proportion of gaze time
to the forehead and less to the mouth than TD adolescents in both
studies (Bekele et al., 2014; Bekele et al., 2013). While there was
agreement between the two studies in gaze time to the mouth and
forehead, diﬀerences arose in other features. In Bekele et al. (2013)
adolescents with ASD had a smaller gaze time on the face and a greater
gaze time on non-face areas when both groups correctly identiﬁed the
emotion along with shorter gaze time towards the mouth and longer
gaze time towards the forehead. When adolescents with ASD were incorrect, only the diﬀerence in gaze time towards the forehead and
mouth was signiﬁcant (Bekele et al., 2013).
4.3. Adults
4.3.1. Static basic emotions (k = 11)
In regard to ET patterns to the core facial features, the most apparent diﬀerence between adults with ASD and TD controls related to
ﬁxations to the eyes. The majority of studies found that adults with ASD
allocated a smaller proportion of time to the eyes, ﬁxated less to the
eyes or gazed away from the eyes of emotionally expressive faces more
often compared to their TD counterparts (Boraston et al., 2008; Corden
et al., 2008; Falkmer et al., 2011; Hernandez et al., 2009; Kliemann
et al., 2012; Kliemann et al., 2010; Pelphrey et al., 2002). This diﬀerence was apparent regardless of emotion (Boraston et al., 2008; Corden
et al., 2008; Hernandez et al., 2009; Pelphrey et al., 2002) or whether
the task was free viewing (Corden et al., 2008; Hernandez et al., 2009;
Pelphrey et al., 2002) or required active recognition (Boraston et al.,
2008; Corden et al., 2008; Falkmer et al., 2011; Kliemann et al., 2012;
Kliemann et al., 2010; Pelphrey et al., 2002).
When considering the relationship between gaze to facial features
and FER, Boraston et al. (2008) aimed to examine whether adults with
ASD were able to diﬀerentiate natural from posed smiles, ﬁnding that
adults with ASD had both a reduced gaze time and made fewer ﬁxations
to the eyes of the expressive faces. Corden et al. (2008) found that in
both free viewing and active recognition of the six basic emotions,
adults with ASD had a smaller proportion of ﬁxations to the eyes, despite both ASD and TD scanning diﬀerent emotions in a similar manner.
Adults with ASD demonstrated no diﬀerentiation in eye gaze in
relation to emotional expression, unlike TD adults who altered their eye
gaze in response to the emotion presented (Kliemann et al., 2012;
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children with ASD and ASD/ADHD comorbidity had decreased N170
amplitude across happy, angry, fearful and disgusted expressions in
comparison to TD controls. In contrast to the ﬁndings of de Jong et al.
(2008), the amplitude of the N170 was modulated by emotion in the
ASD group with fear eliciting larger amplitudes compared to neutral.
This same modulation eﬀect was not seen in TD children or children
with ADHD.

4.3.2. Static complex emotions (k = 3)
When viewing static complex emotions, a single study reported that
adults with ASD made fewer ﬁxations to faces expressing complex
emotions (Kirchner et al., 2011). However, a decrease in looking time
to the eyes (Kirchner et al., 2011; Rutherford and Towns, 2008; Sawyer
et al., 2012) or divergent eye gaze patterns to other core features of the
face, including the mouth (Kirchner et al., 2011; Rutherford and Towns,
2008; Sawyer et al., 2012) was not found. Similar to the ﬁndings with
static basic emotions (Falkmer et al., 2011; Kliemann et al., 2012;
Kliemann et al., 2010), Kirchner et al. (2011) found a positive association with looking time to the eyes and a negative association with
looking time to the mouth for recognition performance of complex
negative stimuli in their ASD populations.
Two studies compared the time spent viewing the features of complex emotions in comparison with basic emotions (Rutherford and
Towns, 2008; Sawyer et al., 2012). One study reported no diﬀerences in
time spent examining the eyes and mouth of complex compared to basic
emotions in their ASD and TD groups (Sawyer et al., 2012), while
Rutherford and Towns (2008) found that adults with ASD spent more
time on the eyes and mouth of faces expressing basic emotions compared to complex emotions, while the opposite was true for TD adults.

5.1.2. P100 (k = 4)
Two child studies reported that children with ASD and TD matched
controls had similar P100 ERPs in response to emotional faces
(O’Connor et al., 2005; Wong et al., 2008). In contrast, two free-viewing
studies reported diﬀerences in both latency and amplitude of the P100
ERP (Batty et al., 2011; Vlamings et al., 2010). Batty et al. (2011)
compared children with ASD to two groups of TD children, one matched for chronological age and one matched on verbal equivalent age,
and compared to both, children with ASD had smaller P100 amplitudes
in response to the six basic emotions, but slower latencies only in
comparison to chronologically age matched controls.
The eﬀect of spatial processing bias in ASD was examined in one
study using neutral and fearful faces presented in high and low spatial
frequencies. Vlamings et al. (2010) postulated that high spatial frequencies represented more detail supporting local orientated processing
and low spatial frequency related to global pattern processing. Fear
faces presented in high spatial frequency elicited larger P100 amplitudes compared to neutral faces in children with ASD aged 3–4 years.
Conversely, IQ matched TD control children were found to show larger
P100 amplitudes to neutral faces compared to fear faces presented in
low spatial frequency (Vlamings et al., 2010).

4.3.3. Dynamic basic emotions (k = 1)
Dynamic representations of simple emotions were presented to
adults in one study. Han et al. (2015) examined a sample of adults with
ASD who presented with a comorbid intellectual disability. This study
used morphing facial expressions as well as mechanical displays representing emotional expressions with the aim of determining whether
motion processing was more enhanced in ASD as opposed to the processing of emotion. Adults with ASD had a lower percentage of ﬁxation
time; however ﬁxations to the eyes and mouth of human emotional
stimuli were similar to that of their TD control groups. To the mechanical display, adults with ASD made fewer ﬁxations to the core
features of the face, diﬀerentiating their gaze to the robotic setup from
that to the emotional display, a diﬀerence not seen in the TD control
groups. This suggests that adults with ASD may process motion rather
than emotion when viewing dynamic facial expressions.

5.1.3. Other ERPs
The P200 ERP was examined in three child studies (Dawson et al.,
2004; O’Connor et al., 2005; Wong et al., 2008). Of these, one reported
diﬀerences with children with ASD having smaller and slower P200
responses to neutral faces during an implicit recognition task compared
to chronologically age matched children (Dawson et al., 2004). When
matched on verbal equivalent age, however, children with ASD had
larger P200 amplitudes than TD children in the midline and central
regions only (Dawson et al., 2004).
Within the child ERP studies, other not as commonly explored
components included the N300 (Dawson et al., 2004), P300 and P500
(Dawson et al., 2004), N400 (Key et al., 2015), P400 (Key et al., 2015),
Negative Slow Wave (NSW) (Dawson et al., 2004), N290 (Key et al.,
2015) and Nc (Dawson et al., 2004; Key et al., 2015).
Children with ASD were found to have no diﬀerentiation in the
amplitude of the N300 and NSW while TD children showed larger
amplitudes to fear compared to neutral faces (Dawson et al., 2004).
Diﬀerences in P300 emerged with ASD children having larger amplitudes to neutral compared to fear expressions while verbally equivalent
aged children showed the opposite (Dawson et al., 2004). Infants at a
high risk of developing ASD showed altered diﬀerentiation of P400 and
Nc ERPs in response to neutral, small and large smiles compared to low
risk infants (Key et al., 2015).

5. EEG evoked potentials
EEG evoked potentials were examined by 18 of the studies included.
Of these studies, the most reported components were N170 and P100.
5.1. Children
5.1.1. N170 (k = 6)
Children with ASD were found to be atypical in both the latency and
amplitude of the N170 component in three studies (Batty et al., 2011;
de Jong et al., 2008; Tye et al., 2014). Delayed N170 latencies in
children with ASD were found in one study (Batty et al., 2011) with
another study ﬁnding diﬀerences in the latencies between children with
ASD and ASD with comorbid ADHD (Tye et al., 2014). Batty et al.
(2011) found that across basic emotions, children with ASD had slower
N170 latencies compared to children matched for chronological age. In
regard to the amplitude of the N170, de Jong et al. (2008) reported
reduced amplitude of the N170 in children with ASD compared to TD
children in response to fearful expressions. Furthermore, fearful expressions elicited larger N170 responses in TD children when compared
to neutral with no modulation eﬀect seen in children with ASD (de Jong
et al., 2008).
ADHD comorbidity has also been associated with divergent N170
latencies and amplitudes in ASD populations. Tye et al. (2014) found
that children with ASD had shorter N170 latencies to neutral faces
compared to angry faces and longer latencies to fearful expressions in
comparison to happy faces while children with co-occurring ASD and
ADHD had the opposite response to these emotions. In addition,

5.2. Adolescents
5.2.1. N170 (k = 3)
The amplitude and latency of the N170 component may not be
modulated by emotion in adolescents with ASD. Adolescents with ASD
were found to show no modulation of the N170 amplitude in response
to fear and angry faces while TD adolescents showed diﬀerent N170
amplitudes as a function of emotion (Wagner et al., 2013). A similar
eﬀect was seen when Akechi et al. (2010) examined the eﬀect of eye
gaze on emotion processing. It was proposed that the processing of gaze
and emotion are not independent and gaze direction may facilitate the
processing of emotion whereby approach orientated emotions such as
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emotional faces compared to objects (Fujita et al., 2013). Similarly, the
N400 ERP was similar in TD and ASD adults when shown line drawings
of expressions, however the N400 was not apparent in adults with ASD
when shown photographs of expressions (Tseng et al., 2015). In regard
to vMMN, TD adults with high autistic traits showed smaller vMMN
amplitudes to happy faces compared to TD adults with low autistic
traits (Gayle et al., 2012). Lassalle and Itier (2015) examined both
EDAN and ADAN, EDAN occurring 200ms–300 ms after stimulus presentation and ADAN, occurring 300–500 ms after stimulus presentation
have previously been associated with the orientation of attention and
the maintenance of attention, respectively. These authors examined the
eﬀect of stimulus inversion and gaze direction on the processing of
emotional stimuli, ﬁnding an eﬀect of gaze direction on ADAN in individuals with low but not high autistic traits on the Autism Spectrum
Quotient (AQ).

happiness are processed faster with direct gaze while avoidant orientated emotions are processed faster with indirect gaze. It was found
that TD adolescents displayed larger N170 amplitudes to stimuli
showing congruent emotions and gaze direction (fear faces with indirect gaze, angry with direct gaze) compared to incongruent emotions
and gaze direction while the adolescents with ASD did not show this
diﬀerence, indicating that adolescents with ASD may experience diﬃculty integrating gaze and expression cues.
A single group experimental study examined the correlation between N170 and the accuracy of adolescents with ASD at recognising
emotions (Lerner et al., 2013). This study found that adolescents diagnosed with ASD who had longer latencies and smaller amplitudes of
the N170 were less likely to correctly identify emotion accurately and
had longer response times (Lerner et al., 2013).
5.2.2. P100 (k = 2)
Two studies examined the P100 component in adolescents with ASD
(Akechi et al., 2010; Wagner et al., 2013). One of these studies reported
negligible diﬀerences in both the latency and the amplitude of the P100
in adolescents with and without ASD in response to the six basic
emotions (Wagner et al., 2013). The sole diﬀerence between ASD and
TD adolescents was found in response to angry and fear expressions.
The P100 latency diﬀered between O1 and O2 electrodes in TD participants but not ASD participants (Akechi et al., 2010).

5.4. Quantitative EEG (k = 6)
Quantitative methods of examining EEG were used in six studies.
Alpha, theta and beta frequencies were the most explored followed by
delta and gamma. The particular methods used varied across studies
and included dipole source analysis, phase synchronization, desynchronization, coherence, mu suppression and oscillations. All studies
reported atypical cortical activation in ASD populations with diﬀerences being reported across the frequency spectrum.
The theta wave occurring between 4 and 7.5 Hz has been previously
associated with the processing of aﬀect, and was examined in three
studies (Tseng et al., 2015; Yang et al., 2011; Yeung et al., 2014).
Children with ASD were found to have lower right frontal theta coherence compared to TD children and did not show the same increase in
theta coherence observed in TD children in response to emotional faces
compared to neutral faces (Yeung et al., 2014). In addition, children
with higher theta coherence appeared to have lower autistic symptomology (Yeung et al., 2014). Tseng et al. (2015) found similar results
with adolescents and adults with ASD displaying weaker delta/theta
synchronization than typically developing controls in both early and
late stages of emotion recognition. Weaker theta synchronization in
ASD was also reported by Yang et al. (2011).
ASD populations were found to have greater beta 2 synchronization
and alpha desynchronization in posterior regions compared to TD populations (Yang et al., 2011), however, these ﬁndings were not consistent across studies (Tseng et al., 2015)
Mu rhythm activity, the suppression of which is believed to be associated with mirror neuron function (Pineda, 2005), was investigated
in one study. Cooper et al. (2013) examined event related desynchronization in the low beta and alpha bands, postulated to reﬂect mirror
neuron activity in the motor cortex and somatosensory cortex respectively. TD adults with low autistic traits presented with greater low beta
desynchronization compared to adults with high autistic traits when
examining happy faces, reﬂecting reduced activation of the mirror
neuron system to happy faces in individuals with high autistic traits on
the AQ. Furthermore, while low trait autism individuals showed greater
low beta desynchronization to happy as compared to angry faces, the
inverse was true for the high autism trait group, also suggesting divergent mirror neuron activity. No group diﬀerences emerged in the
alpha mu component, indicating divergent mu rhythm activity may
arise in the motor cortex (Cooper et al., 2013).
Gamma oscillations were explored in one study of adolescents with
ASD compared to a group of adolescents with ADHD and a group of TD
adolescents in emotion and gender recognition tasks. Adolescents with
ASD were shown to have lower gamma power to anger and disgust
emotions when compared to gender recognition tasks while TD adolescents showed a smaller diﬀerentiation of gamma power between
these two tasks (Gross et al., 2012).

5.3. Adults
5.3.1. N170 (k = 5)
Three studies reported diﬀerences between adults with ASD and
controls (Magnée et al., 2011; O’Connor et al., 2007; O’Connor et al.,
2005) while two studies did not ﬁnd between group diﬀerences
(Magnée et al., 2008; Tseng et al., 2015). O’Connor et al. (2005) found
that adults with ASD had smaller and delayed N170 ERPs to happy, sad,
angry and scared expressions compared to controls. In a later study,
O’Connor et al. (2007) found that when examining emotional faces in
comparison to objects, N170 in adults with ASD did not diﬀerentiate
face from object processing while TD controls had earlier N170 responses to faces when compared to objects. Furthermore, TD individuals had earlier N170 responses to faces and the eye and mouth
regions of emotionally expressive faces compared to adults with ASD.
Diﬃculty with the integration of multisensory information was
evident in two studies (Magnée et al., 2011, 2008). When presented
with only visual input, the ASD groups did not diﬀer from TD adults in
regard to the N170 (Magnée et al., 2011, 2008), however, when required to divide attention, adults with ASD did not show diﬀerentiation
based on the congruency of auditory and visual stimuli as seen in TD
adults (Magnée et al., 2011).
5.3.2. P100 (k = 4)
The P100 component was examined in four ERP studies in adults
(Lassalle and Itier, 2015; Magnée et al., 2008; O’Connor et al., 2007,
2005). Adults with ASD were found to have longer latencies to happy,
sad and angry expressions in one study (O'Connor et al., 2005). TD
individuals with high autistic traits were also found to diﬀer in P100
with gaze and emotion having a congruency eﬀect on the P100 of TD
adults with low autistic symptomology, but not in adults with high
autistic symptomology (Lassalle and Itier, 2015).
5.3.3. Other ERPs
Other ERPs examined in adult populations were the N100 (Fujita
et al., 2013), P300 (Fujita et al., 2013), N200 (Magnée et al., 2008),
N400 (Tseng et al., 2015), Visual Mismatch Negativity (vMMN) (Gayle
et al., 2012), Early Directing Attention Negativity (EDAN) and Anterior
Directing Attention Negativity (ADAN) (Lassalle and Itier, 2015). N100
amplitudes were not modulated by emotional faces or objects in adults
with ASD while TD adults showed larger N100 ERPs in response to
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6. General discussion

Langton et al., 2000). A lack of orientation or focus on the eyes in ASD
populations may therefore suggest that individuals with ASD do not
perceive the eyes as being socially salient or meaningful (Baron-Cohen
et al., 1997; Baron-Cohen et al., 2001). As a result, individuals with
ASD may select to look at more physically salient features, such as the
mouth which has greater variability and motion than the eye region,
perhaps capturing the attention of individuals with ASD to a greater
degree. Reduced saliency of social information for individuals with
ASD, may be indicative of possible altered function of a number of
structures within the social brain such as the fusiform face area (FFA)
(Kanwisher et al., 1997), amygdala (Rudrauf et al., 2008; Santos et al.,
2011), orbitofrontal cortex and temporal poles (Rudrauf et al., 2008).
These structures have been shown to engage in feedback processes with
visual processing streams, inﬂuencing visual attention during emotion
processing (Rudrauf et al., 2008). Atypical eye gaze in ASD individuals,
particularly to the eye regions may suggest that the pathways involved
in the rapid evaluation and processing of emotional stimuli are altered
in ASD. The eye avoidance hypothesis (Tanaka and Sung, 2016) postulates that individuals with ASD may present with over-arousal of the
amygdala and hyper-physiological arousal in response to social stimuli.
As a result, reduced gaze to the eyes in individuals with ASD may be an
attempt to self-regulate and mediate the level of threat perceived from
the eyes (Dalton et al., 2005; Tanaka and Sung, 2016).
On a related note, anxiety or fear of negative evaluation appeared to
have an eﬀect on gaze towards the eyes in a number of ET studies included in this review. Comorbid anxiety is common within ASD populations (Maddox and White, 2015) and atypical gaze to faces, particularly resulting in a reduction in ﬁxation towards the eyes has been
reported in anxiety disorders (Daly, 1978; Wang et al., 2012). Moreover, anxiety disorders when combined with ASD, have been shown to
exacerbate ASD symptoms (Farrugia and Hudson, 2006). Few studies
have examined the impact of co-occurring anxiety in ASD populations
and most have failed to control for anxiety in their clinical and control
populations. Those that have included a measure of social anxiety or
threat rating found that those with ASD who had higher anxiety scores,
or who rated emotions as more threatening, looked at the eyes signiﬁcantly less than their TD counterparts (Corden et al., 2008;
Tottenham et al., 2014; White et al., 2015).
Atypical gaze to other core facial features such as the mouth, was
also observed in some studies (Bal et al., 2010; Bekele et al., 2014;
Corden et al., 2008; Leung et al., 2013; Nuske et al., 2014a; Nuske et al.,
2014b). As a result, atypical gaze to faces during FER may also indicate
atypical processing of information from the mouth region, however,
ﬁndings overall remain inconclusive.
There was also a clear tendency in the ET literature towards the
report of non-signiﬁcant trends, with the majority of these trends reporting results consistent with the signiﬁcant ﬁndings (Bal et al., 2010;
Bekele et al., 2013; Boraston et al., 2008; Corden et al., 2008; de Wit
et al., 2008; Kliemann et al., 2012; Kliemann et al., 2010; Rutherford
and Towns, 2008; Tottenham et al., 2014). This tendency for reports of
trends to corroborate signiﬁcant ﬁndings may be seen to provide additional, although weak, support for the notion of reduced gaze towards
the eyes during FER. While it is noted that these ﬁndings are not statistically signiﬁcant, the tendency for these trends to be reported and
for conclusions to be based on them can make the interpretation and
integration of the results reported in the literature problematic. It is, for
instance, not clear whether the report of trends is selective, i.e., whether trends are reported only if they are seen to be consistent with an
expected pattern of results. Such a bias may help to strengthen a presumed pattern of results that has a less solid empirical base as originally
thought. Methodological issues associated with some studies, such as
small sample size, may have contributed to this tendency to ﬁnd and
report statistical trends. Future research may beneﬁt from larger scale
studies to more accurately determine the gaze behaviour of individuals
with ASD.
It should also be noted that across ET studies a number of diﬀerent

Evidence from both ET and EEG studies included in this review
suggests that the attentional and cognitive processes involved in FER
are atypical in ASD populations. Eye tracking studies reported atypical
gaze to the emotional faces and core facial features in individuals with
ASD during FER while EEG studies most consistently reported atypical
modulation of the N170 ERP. In addition, while less examined, ﬁndings
in the frequency domain also indicate atypical cortical activity during
FER in ASD samples.
It seems somewhat surprising that the pattern of ET results was not
more consistent across studies. Reduced gaze to the eyes is frequently
cited as observed in ASD and is generally considered a key characteristic of the diagnosis (American Psychiatric Association, 2013; BaronCohen et al., 2000). However, a number of studies in this review failed
to ﬁnd any signiﬁcant diﬀerence in the gaze behaviour of individuals
with ASD in comparison to TD controls and there appeared to be a clear
eﬀect of age on between group diﬀerences in gaze behaviour. Only two
of the nine child studies that compared children with ASD to TD children, reported a reduced number of ﬁxations or duration of time spent
looking at the eyes (Nuske et al., 2014a; Nuske et al., 2014b). Similarly,
of the eight adolescent studies, only half reported reduced gaze to the
eyes in individuals with ASD (Dalton et al., 2005; Hanley., 2012;
Tottenham et al., 2014; White et al., 2015). When examining the adult
studies, results were more consistent with 11 of the 16 studies reporting
reduced use of information presented in the eyes by persons with ASD
(Boraston et al., 2008; Corden et al., 2008; Falkmer et al., 2011; Han
et al., 2015; Hernandez et al., 2009; Kliemann et al., 2010; Neumann
et al., 2006; Pelphrey et al., 2002; Spezio et al., 2007a, 2007b). This
apparent change of gaze behaviour across the developmental trajectory
may have several potential origins. The failure to ﬁnd stable, signiﬁcant
diﬀerences between ASD and TD children, may in part be explained by
the stimuli or tasks used and their inability to adequately capture attention in either group. It is possible that the stimuli presented do not
engage children suﬃciently, and thus were not capable of eliciting divergent gaze behaviour. Those child studies which did ﬁnd reduced
gaze in children with ASD varied exposure time (30 ms, 300 ms, 2secs)
(Nuske et al., 2014b) or used familiar and unfamiliar faces (Nuske et al.,
2014a) whereas the study reporting increased gaze to the eyes in ASD
children used very unusual puzzle piece stimuli (Leung et al., 2013).
The remaining child studies typically examined gaze to stimuli that
were presented for longer durations (4–10 s) and utilised prototypical
static and dynamic faces. It is possible that the additional complexity
oﬀered by the varied exposure times, face familiarity or puzzled stimuli
required greater cognitive processing, resulting in altered eye gaze.
Adult studies reported reduced gaze in response to basic emotions
(Corden et al., 2008; Falkmer et al., 2011; Han et al., 2015; Hernandez
et al., 2009; Kliemann et al., 2010; Neumann et al., 2006; Pelphrey
et al., 2002; Spezio et al., 2007a, 2007b), with signiﬁcantly reduced
gaze to the eyes being found with prototypical static faces (Corden
et al., 2008; Kliemann et al., 2010; Pelphrey et al., 2002), dynamic faces
(Han et al., 2015) and experimentally manipulated stimuli (Hernandez
et al., 2009; Neumann et al., 2006; Spezio et al., 2007a, 2007b). Given
that the development of basic emotion recognition typically reaches
maturity in late childhood (Tonks et al., 2006), it appears unlikely that
the increased consistency to document reduced eye gaze in adults with
ASD was due to the increased complexity of the stimuli used in adult
populations. It is possible that this diﬀerence in gaze behaviour becomes more apparent in adult populations as a result of divergent development of facial emotion processing in late childhood or adolescence.
Two accounts have been oﬀered to explain divergent eye gaze
patters in ASD, the social salience and the eye avoidance accounts. The
social salience account proposes that the eye region may provide particularly salient information assisting in the decoding of facial information and emotional expressions (Baron-Cohen et al., 1997;
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movement and imitation (Rizzolatti and Craighero, 2004). For this
reason, the function of this system in understanding the movement of
others has been proposed to be linked to the understanding of social
situations, theory of mind (Gallese, 2007; Schulte-Rüther et al., 2007;
Williams et al., 2001) and facial expressions (Enticott et al., 2008).
Suppression of mu rhythm has been suggested to reﬂect mirror neuron
activity (Pineda, 2005; Rizzolatti and Craighero, 2004). Atypical patterns of mu activity found in individuals with high autistic symptomology (Cooper et al., 2013) suggest that the mirror neuron system
involved in the understanding of actions may contribute to an FER
impairment in ASD and warrants further investigation (Hickok, 2009).
The eﬀect of emotion per se as well as of speciﬁc emotions on the
diﬀerences reported between groups was diﬃcult to elucidate from the
extant literature. A number of studies reported diﬀerences in ET and
ERP responses to neutral faces in addition to diﬀerences in response to
emotional expressions. Therefore, it is unknown whether impairments
in face recognition in general result in a FER deﬁcit, or whether there
are additional impairments in ASD related speciﬁcally to the processing
of facially expressed emotion. Previous reviews have suggested that
individuals with ASD have a deﬁcit in face processing (Tang et al.,
2015; Weigelt et al., 2012), and diminished ﬁxations to the eyes during
tasks such as face recognition have been identiﬁed in ASD (Harms et al.,
2010; Senju and Johnson, 2009; Tanaka and Sung, 2016). Certainly,
atypical gaze to faces would also manifest in FER tasks. A number of
studies across the developmental trajectory reported that while ERPs
were modulated by emotion in TD samples, this modulation was absent
in ASD samples. This suggests that whereas TD display diﬀerentiated
neural activity based on the emotional content of faces, persons with
ASD may not display this same diﬀerentiation, suggesting that while
general face processing in ASD is impaired, there may be an additional
or compounding impairment in the processing of emotion.

outcome measures are reported. For example, studies may examine the
duration of the ﬁrst ﬁxation, the total ﬁxation time, number of ﬁxations, scan paths or location of ﬁrst ﬁxations and the rationale for
choosing one over the other is not always clear. The range of outcome
measures examined may impact the resultant ﬁndings. For example, it
was found that adults with ASD may diﬀerentiate their gaze depending
on the location of their ﬁrst ﬁxation, indicating a reduced preference for
the eyes compared to TD adults (Kliemann et al., 2012; Kliemann et al.,
2010).
Across studies reporting ERPs, the N170 was consistently smaller,
delayed and slower in ASD populations. The N170 ERP has been shown
to be largest in response to faces (Blau et al., 2007), suggesting its involvement in the processing of facial information. While the face-speciﬁc nature of the N170 ERP is well accepted (Eimer, 2011, 2000; Eimer
et al., 2011), the precise function of the N170 ERP continues to be
debated. The N170 ERP has been suggested to reﬂect the early encoding
of facial stimuli (Eimer, 2000), whereas other studies have indicated
that the N170 can also be modulated by the emotional content of the
faces (Batty and Taylor, 2003; Blau et al., 2007). Given the debate in
the current literature regarding the processes reﬂected in the N170
ERP, it is unclear whether FER impairment in ASD reﬂects altered encoding of facial information, resulting in diﬃculty processing facial
conﬁgurations (O'Connor et al., 2007) or altered function in a possible
parallel system speciﬁc for emotion processing (Blau et al., 2007).
Nevertheless, consistently smaller and slower N170 ERPs in the ASD
populations indicate altered function of early visual processing during
FER.
An important caveat is that diﬀerences in ERPs in ASD populations
may also be indicative of heterogeneity in the ASD population. It could
be the case that only a subset of individuals with ASD are impacted by
FER deﬁcits (Nuske et al., 2013) or that there is more universal disorganisation and variability in neural pathways involved in FER in ASD.
Studies of frequency domain measures of EEG provide further evidence for atypical activation of cortical regions during FER in ASD.
Increased theta synchronization has been demonstrated to reﬂect information encoding and episodic memory (Klimesch, 1999), and a reduction in theta synchronization and reduced right frontal theta coherence in ASD populations (Tseng et al., 2015; Yang et al., 2011) may
reﬂect poor encoding of facial emotion. The hippocampus and amygdala have been shown to be involved in the encoding of emotional
memory (Richardson et al., 2004) and the amygdala has been found to
have atypical structure and function in ASD (Baron-Cohen et al., 2000;
B & lte et al., 2015; Dalton et al., 2005). Reduced theta synchronization
may be indicative of atypical connectivity between neural networks
involving the amygdala and hippocampus resulting in less eﬃcient
encoding and memory retrieval of facial expression. A phasic suppression of alpha during task performance has been shown to reﬂect increasing attention demands (Klimesch, 1999; Klimesch et al., 1998),
thus, greater alpha de-synchronization in ASD may suggest increased
concentration or attention to the task, possibly reﬂecting decreased
eﬃciency of structures involved in FER (Yang et al., 2011). Changes in
the frequency domain can be reﬂective of a number of diﬀerent cognitive processes (Başar et al., 2001), therefore, caution must be observed when inferring the particular cognitive processes involved in
FER.
Yang et al. (2011) and Tseng et al. (2015) both postulated that the
observed reduction in the lower frequency bands in people with ASD
may be indicative of impaired automatic processing of emotion while
increased alpha desynchronization and beta may be reﬂective of increased conscious control of visual processing. This is possibly indicative of the use of compensatory strategies accounting for weaknesses in the typical automatic processes involved in emotion
recognition (Tseng et al., 2015).
While only examined in one study, the role of the mirror neuron
system in FER is important to note (Cooper et al., 2013). The mirror
neuron network is postulated to be involved in the understanding of

7. Future directions and challenges
Facial emotion recognition is a complex task drawing on a number
of neural networks (Adolphs, 2002). Given the complexity of these
processes, a signiﬁcant body of research has emerged across diverse
areas to elucidate the nature of FER impairment in ASD. However, the
large degree of heterogeneity in the studies included in this review
owing to diﬀerences in experimental paradigms and tasks makes synthesising results diﬃcult. The methodological diﬀerences across studies
may aﬀect the ﬁndings. Participant factors, for example sample size,
ASD population characteristics or matching procedure may also result
in diﬀering outcomes. ERPs have been shown to be inﬂuenced by the
experimental paradigm selected. For example, a P100 elicited by a
target following an emotional face (Lassalle and Itier, 2015) may reﬂect
a diﬀerent process as does a P100 elicited by the emotional face
(O'Connor et al., 2005). Thus, caution must be used when interpreting
the available results. The complexity of this ﬁeld renders the synthesis
of results across studies diﬃcult and will continue to challenge researchers.
One option to generate more clarity to the pattern of FER results in
ASD might be subgroup analyses. While attempts have been made to
determine subtypes of ASD (Beglinger and Smith, 2001; Georgiades
et al., 2013; Ousley and Cermak, 2015), the phenotype of ASD remains
heterogeneous (Georgiades et al., 2013) changing across the developmental trajectory and in response to intervention or treatment. Comparison of diﬀerent samples and diﬀerent individuals with ASD may not
provide an accurate representation of FER in ASD. Falck-Ytter et al.
(2010) found diﬀerences in the way in which social impairment and
communication impairment scores on the ADI-R correlated with gaze
behaviour, possibly providing some evidence to suggest that the individual proﬁles of individuals with ASD may inform the gaze behaviour elicited by FER. Future research may take into account the individual developmental proﬁle of ASD participants and conduct
longitudinal studies to determine how the attentional and neurological
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moderated by speciﬁc gaze behaviours.
The ﬁndings of this review also have potential clinical utility. ET
patterns and speciﬁc electrocortical activity related to the processing of
emotionally expressive faces may prove valuable as markers from both
a diagnostic or predictive standpoint as well as a potential target for
treatment. ET and EEG markers when used in combination may prove
clinically signiﬁcant as markers for diagnosing ASD, treatment outcome
or predicting emotion recognition or social skills.
These EEG and ET markers may also lead to eﬀective intervention
methods in themselves. The ﬁndings that ﬁxations to the eyes was associated with greater proﬁciency in FER in ASD populations may indicate that if these patterns are modiﬁed, proﬁciency in these tasks may
improve. Biofeedback is an intervention which involves the training of
the self-regulation of certain physiological processes with the aim of
modifying behaviour. EEG and ET biofeedback has proved eﬀective in
increasing attention in children with ADHD and ASD, therefore, if
biomarkers exist for FER, biofeedback may assist individuals with ASD
to enhance their ability to detect and recognize facially expressed
emotion (B & lte et al., 2015; Holtmann et al., 2011; Kouijzer et al.,
2013).

processes involved in FER may develop across the lifespan.
In addition to the variable diagnosis of ASD itself, ASD often presents with co-occurring diagnoses (Joshi et al., 2010). Social anxiety
and ASD can present with similar symptomology, particularly in high
functioning individuals (Tyson and Cruess, 2012) and anxiety may
present with atypical gaze to faces (Daly, 1978; Wang et al., 2012).
Approximately 30 percent of the ASD population have an ADHD diagnosis (Simonoﬀ et al., 2008). Behavioural studies have shown that ASD
with comorbid ADHD results in reduced recognition of facial emotion
(Sinzig et al., 2008). A recent study suggests that variability in FER
performance may be explained in part by the attentional distractibility
proﬁle of the individuals with ASD (Berggren et al., 2016). To date, few
studies have accounted for comorbid diagnoses when examining FER
performance in ASD. Subsequently, it is diﬃcult to conclude if FER
impairment is resultant of ASD itself, or can be explained by co-occurring conditions, such as social anxiety or ADHD. Future research
may be able to extricate to what extent atypical gaze and brain activity
are due to co-occurring diagnoses or cognitive proﬁles.
A number of outcome related questions arose from this review.
Firstly, the P100 and N170 were the most commonly explored ERPs in
both child and adult studies with the majority of studies reporting both
slower latencies and smaller amplitudes of the N170 in ASD populations. The P100 and N170 represent both the early processing of visual
information and the intermediate stages whereby conﬁgural and emotional encoding of faces occurs (Zhu et al., 2015). There was limited
research investigating later components including N300 (Dawson et al.,
2004), N400 (Tseng et al., 2015), P400 (Key et al., 2015), N250 and
Late Stage Positive Potential (LPP). As these later occurring components
are reﬂective of more cognitive processing (Sur and Sinha, 2009), future research may beneﬁt from examining these later components in
ASD to determine the extent and nature of the emotion processing
diﬀerences.
Secondly, while the EEG and ET studies in isolation provide valuable insights into the neurophysiological and attentional processes
underlying emotional face processing in ASD only one study examined
them together (Wagner et al., 2013). However, this study only examined the two measures in parallel and did not integrate them. The
integration of ET with other neuroimaging measures such as fMRI is
more common, and contributes to advances in knowledge, such as the
ﬁnding that the amygdala activity is moderated by ﬁxations to the eyes
(Dalton et al., 2005). EEG provides superior temporal resolution to
fMRI, therefore combining EEG and ET may provide greater insights in
to the very precise electrophysiological mechanisms which may be

8. Conclusion
The ET and EEG results summarized in this review suggest that the
attentional and cognitive processing of emotional faces is atypical in
ASD across the developmental trajectory. Atypicalities in eye gaze,
while not conclusive, indicate altered visual attention to facial emotions
in individuals with ASD. A clear developmental eﬀect was evident in
the ET ﬁndings, indicating altered gaze to the eyes during FER is more
apparent in adult populations. Atypical activation of cortical areas associated with the processing of facially expressed emotion is supported
by the ﬁndings of EEG studies reporting diﬀerences in the elicitation of
ERPs across the developmental trajectory.
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Appendix A. Search Terms Used for Each Database

Database

Date of Search

Results returned

MeSH Terms or key words*

ProQuest

27 January2016

15

“Autistic Disorder”
‘Child Development Disorders, Pervasive’
“Autism Spectrum Disorder”
“Evoked Potentials”
“Electroencephalography”
“eye movements”
“ﬁxation, ocular”
“Emotions”
“expressed emotion”
“aﬀect”

Medline

27 January 2016

171

“Autistic Disorder”
“Child Development Disorders, Pervasive”
“Autism Spectrum Disorder”
“Asperger Syndrome”
“Electroencephalography”
“evoked potentials”
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“evoked potentials, visual”
“eye movements”
“eye movements, measurements”
“ﬁxation, ocular”
“Emotions”
“facial expression”
“social perception”
“Aﬀect”
PsychInfo

20 January 2016

118

“autism”
“pervasive developmental disorder”
“Aspergers syndrome”
“Evoked Potentials”
“Electroencephalography”
“eye movements”
“eye ﬁxation”
“visual perception”
“visual tracking”
“visual search”
“emotions”
“emotional states”
“expressed emotion”
“social perception”

Scopus

27 January 2016

211

“autistic disorder”
“child development disorders pervasive”
“autism spectrum disorder”
“Asperger”
“evoked potential”
“EEG”
“Electroencephalography”
“eye tracking”
“eye movement”
“ﬁxation, ocular”
“eye ﬁxation”
“visual tracking”
“emotion”
“expressed emotion”
“social perception”

CINAHL

27 January 2016

40

“Autistic Disorder”
“Child Development Disorders, Pervasive”
“Electroencephalography”
“Evoked Potentials, Visual”
“Evoked Potentials”
“Eye movements”, Eye Movement Measurements”
“Emotions”
“Aﬀect”
“Facial Expression”

Embase

27 January 2016

189

“autism”
“Asperger syndrome”
“childhood disintegrative disorder”
“pervasive developmental disorder not otherwise speciﬁed”
“electroencephalography”
“eye movement”
“eye tracking”
“eye ﬁxation”
“emotion”
“facial expression”
“aﬀect”
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Appendix B. Criteria from the Kmet Form for Quantitative Analysis Used to Assess Methodological Quality of Included Studies

Criteria

Yes
(2)

Partial
(1)

No
(0)

1
2
3
4
5
6

Question/objective suﬃciently described?
Study design evident and appropriate?
Method of subject/comparison group selection or source of Information/input variables described and appropriate?
Subject (and comparison group, if applicable) characteristics suﬃciently described?
If interventional and random allocation was possible, was it described
Outcome and (if applicable) exposure measure(s) well deﬁned and robust to measurement/misclassiﬁcation bias?
Means of assessment reported?
7 Sample size appropriate?
8 Analytic methods described/justiﬁed and appropriate?
9 Some estimate of variance is reported for the main results?
10 Controlled for confounding?
11 Results reported in suﬃcient detail?
12 Conclusions supported by the results?
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