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Abstract
Autism spectrum disorder (ASD) is characterized by significant social functioning
impairments, including (but not limited to) emotion recognition, mentalizing, and
joint attention. Despite extensive investigation into the correlates of social func-
tioning in ASD, only recently has there been focus on the role of low-level sensory
input, particularly visual processing. Extensive gaze deficits have been described
in ASD, from basic saccadic function through to social attention and the
processing of complex biological motion. Given that social functioning often
relies on accurately processing visual information, inefficient visual processing
may contribute to the emergence and sustainment of social functioning difficulties
in ASD. To explore the association between measures of gaze and social function-
ing in ASD, a systematic review and meta-analysis was conducted. A total of
95 studies were identified from a search of CINAHL Plus, Embase, OVID
Medline, and psycINFO databases in July 2021. Findings support associations
between increased gaze to the face/head and eye regions with improved social
functioning and reduced autism symptom severity. However, gaze allocation to
the mouth appears dependent on social and emotional content of scenes and the
cognitive profile of participants. This review supports the investigation of gaze
variables as potential biomarkers of ASD, although future longitudinal studies
are required to investigate the developmental progression of this relationship and
to explore the influence of heterogeneity in ASD clinical characteristics.

Lay Summary
This review explored how eye gaze (e.g., where a person looks when watching a
movie) is associated with social functioning in autism spectrum disorder (ASD).
We found evidence that better social functioning in ASD was associated with
increased eye gaze toward faces/head and eye regions. Individual characteristics
(e.g., intelligence) and the complexity of the social scene also influenced eye gaze.
Future research including large longitudinal studies and studies investigating the
influence of differing presentations of ASD are recommended.
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Autism spectrum disorder (ASD) is a neurodevelop-
mental disorder that involves lifelong difficulties, span-
ning cognitive, behavioral, and emotional domains.
Social cognitive and social communicative difficulties are
core features of ASD, and broadly encompass the skills

required to engage with the social world (Pallathra et al.,
2018; Pallathra et al., 2019). Social difficulties have been
extensively mapped across the autism spectrum, resulting
in a set of common, albeit not universal, impairments in
the following areas: the ability to infer the mental states
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and intentions of others (i.e., theory of mind [ToM];
Leppanen et al., 2018), the direction of attention to
shared social experiences (i.e., joint attention; Franchini
et al., 2019; Mundy, 2018), face and emotion recognition
(Tang et al., 2015; Uljarevic & Hamilton, 2013), empathy
(Song et al., 2019), language (Eigsti et al., 2011), and the
“global” processing of visual stimuli (Van der Hallen
et al., 2015). Collectively, these features can result in dif-
ficulties engaging in one’s social environment.

These social functioning difficulties cannot be
ascribed to an isolated deficit in a specific neural region.
Rather, such widespread difficulties are often characteris-
tic of disruptions within the “social brain”, referring to a
network of interconnected neural structures involved in
social information processing. Relevant nodes include the
medial prefrontal cortex (mentalizing ability; Schurz
et al., 2014), temporoparietal junction (prosocial
decision-making; Zanon et al., 2014), posterior superior
temporal sulcus (biological motion processing; Deen
et al., 2015; Pelphrey & Carter, 2008), and fusiform gyrus
(face processing; Furl et al., 2011).

Despite extensive examination of social brain regions
and their associated behavioral, cognitive, and emotional
disturbances in ASD, these studies often fail to examine
the sensory inputs required to initially examine and pro-
cess social information. Of particular interest is visual
information processing, given that adequate processing
of social information requires that relevant environmen-
tal social stimuli are attended to, perceived, and
processed in an accurate manner (Griffin & Scherf,
2020). The disruption of visual processing early in devel-
opment may lead to differences in how socio-
communicative interactions are perceived and acted
upon, resulting in potentially inaccurate perceptions and
interactions with the social environment (Hellendoorn
et al., 2013; Thye et al., 2018).

Dysfunction across multiple levels of the visual
processing pathway has been reported in ASD, from
basic saccadic eye movements (Mosconi et al., 2013;
Schmitt et al., 2014; Stanley-Cary et al., 2011) to biologi-
cal motion processing (part of the aforementioned
“social brain” network; Annaz et al., 2010; Klin et al.,
2009). Additionally, differences in the way in which
social gaze is allocated has been demonstrated in ASD.
For example, two meta-analyses conducted by Chita-
Tegmark found that participants with ASD look less at
the eyes, mouth, face, and the entire screen on which
stimuli are presented, and more time toward the body
and nonsocial regions (Chita-Tegmark, 2016a), and that
greater group differences in attending to social stimuli
between ASD and neurotypical groups is seen with social
stimuli containing more than one person (Chita-
Tegmark, 2016b). However, Frazier et al. (2017) con-
ducted a more comprehensive meta-analysis, exploring
the contributions of stimulus and methodological factors
(including participant characteristics, eyetracking
parameters, and stimulus features) on the gaze

difficulties experienced in ASD. Although results were
consistent with previous findings in that those with ASD
had reductions in gaze toward eye and mouth regions
and greater gaze allocation toward nonsocial regions,
meta-regression analyses revealed the influence of stimu-
lus and methodological factors (e.g., points of calibra-
tion, number of stimuli presented). The analysis further
revealed ASD-specific gaze differences in comparison to
other developmental delay conditions, indicating the
potential clinical utility of assessing gaze toward social
and nonsocial stimuli to aid differential diagnosis. Over-
all, ASD is associated with a pattern of visual explora-
tion in which attending to aspects of the social
environment critical to social understanding is affected.
This is likely also underpinned, at least in part, by
disrupted saccadic functioning given the role it plays in
driving the allocation of gaze toward environmental
regions of interest (Ibbotson & Krekelberg, 2011;
Wollenberg et al., 2020).

The above findings suggest that it is crucial to con-
sider gaze and visual attention when attempting to under-
stand social difficulties in ASD. To date, empirical
studies and meta-analyses have focused on profiling the
gaze differences toward social and nonsocial stimuli
between ASD and neurotypical controls. These differ-
ences, however, may not necessarily translate into diffi-
culties with social functioning. For example, although
increased gaze toward the mouth has been associated
with declines in social functioning in ASD (e.g., Hanley
et al., 2015), Klin et al. (2002) found that gaze toward the
mouth was instead associated with improvements in
social functioning in ASD. This was considered to be a
possible compensatory strategy whereby focusing on the
mouth facilitated a literal understanding of speech, and
in turn, social situations. Examining how the allocation
of gaze across social and nonsocial scenes is associated
with social functioning would provide a novel under-
standing of how gaze is used by individuals with ASD to
engage in their social world.

Therefore, the primary purpose of this systematic
review was to clarify the nature of social dysfunction in
ASD by examining the relationships between gaze alloca-
tion and measures of social functioning in ASD, and to
identify the factors that contribute to variation in this
relationship. This is important to consider as the develop-
ment of targeted interventions training the allocation of
gaze in the social environment may need to be tailored to
specific ASD profiles.

METHOD

Search strategy

Selected databases (CINAHL Plus, Embase, OVID
Medline, and psycINFO) were searched for articles in
July 2021 using the following search terms: [(autis* OR
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ASD OR Asperger*) AND (eyetracking OR eye-tracking
OR eye tracking OR gaze OR sacc*) AND (social* OR
theory of mind OR ToM OR mentali* OR empath* OR
imitati* OR face recog* OR emotion recog*)], where “*”
represented truncations.

Study selection and eligibility

In order to be eligible, articles needed to (a) contain an
ASD group with or without a comparison control group,
(b) use either standardized clinical measures or clinical
assessment for the ASD diagnosis, (c) examine the link
between gaze and social function, (d) include at least one
eyetracking measure or coded measure of gaze and one
objective/validated measure of social functioning,
(e) contain peer reviewed, empirical data, (f) include a
sample size of at least 10 in each group, and (g) be writ-
ten in English. No limits were placed on the age or gen-
der of the participants. Additionally, results were
included that also incorporated other participant groups
within analyses (e.g., neurotypical). Cross-sectional and
longitudinal designs were included, in addition to studies
that included a baseline measure of the relationship
between gaze and social functioning in the context of
intervention research.

Studies were initially screened by JR for inclusion
based on review of titles and abstracts. Selected studies
then proceeded to full-text review for final inclusion. Ref-
erence lists were further reviewed for the inclusion of
additional studies. Any uncertainties were resolved via
consultation with CG and PE.

Quantitative analysis

To provide a quantitative estimate of the correlation
between gaze and social functioning/autism symptom
severity, separate meta-analyses were performed for three
core gaze regions (i.e., face, eyes, and mouth). Subgroup
analyses and, for eligible regions, meta regressions were
performed to identify potential modifiers of the overall
combined correlation effect estimate. All analyses were
performed in R 4.1.0 (R Core Team, 2017) using rma.mv
and metafor functionalities.

Study inclusion/exclusion criteria

A combination approach was employed for all meta-
analyses to (1) minimize and (2) accommodate heteroge-
neity among studies (e.g., different measures of broad
social functioning/autism symptom severity, subgroup
versus global measurement of ASD, operationalizations
of gaze measure, type of reported summary effect esti-
mate, task conditions, such as emotional images vs. non-
emotional images) and dependence of effect estimates

within studies (e.g., one study contributing > 1 estimate to
the meta-analysis).

To minimize heterogeneity, inclusion/exclusion criteria
were further applied to studies included in the systematic
review. In terms of exclusion for gaze measure, studies
were retained that examined fixation duration/looking
time (both percentages and absolute values), given that this
remains the most commonly reported gaze index consis-
tent with Chita-Tegmark (2016a). Additionally, studies
were limited to those that reported a global autism symp-
tom severity score (e.g., Autism Diagnostic Observation
Schedule [ADOS] Global score, Social Responsiveness
Scale [SRS] Total score). In the case that a study reported
a global estimate and subgroup estimate(s), only the global
estimate was used in the meta-analysis. As there were no
studies that included global measures of social functioning
(i.e., not including restricted/repetitive behavior as part of
the total score), analysis was limited to measures of global
autism symptom severity. To minimize dependence among
effect estimates, for studies that reported > 1 effect esti-
mate of the association between gaze and autism symptom
severity due to the use of > 1 different global measure of
autism symptom severity (but the same fixation duration/
looking time gaze index), only one estimate was retained.
Notably, each of the applicable studies included the ADOS
Global score, and therefore, given its status as a gold stan-
dard approach in the assessment and diagnosis of ASD
(Harstad et al., 2015; Kamp-Becker et al., 2018), this was
selected for the meta-analysis. With respect to inclusion/
exclusion criteria associated with the type of effect esti-
mate, statistics listed in Supplementary Materials 1 in
Data S1 were retained, with the understanding that some
summary statistic types would require conversion into a
correlational form (i.e., point biserial correlation or Pear-
son r) prior to meta-analysis. Additionally, studies were
retained if they examined the relationship between gaze
and global measures of autism symptom severity in an
ASD only group, in line with the overarching study goal
of exploring this association within an ASD population.
Remaining inclusion/exclusion criteria and further detail
can be seen in Supplementary Materials 1 in Data S1.

The application of inclusion/exclusion criteria meant
that studies only contributed more than one effect esti-
mate of interest as a result of differing task conditions
(e.g., White et al., 2015 examined the association sepa-
rately for happy, disgust, and angry faces). After study
level inclusion/exclusion criteria were applied, regions
were deemed eligible for meta-analysis if they had at least
10 estimates (not studies) available. This resulted in three
eligible regions: face, eyes, and mouth.

Meta-analysis: Data preparation and model
specification

Prior to performing the meta-analysis, correlations
reported in studies (i.e., partial, Spearman, Pearson,
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bivariate standardized beta coefficient) were directly
converted to Fisher z scores and corresponding sampling
variances (escalc function in R). Cohen’s d associated
with between subjects t tests were converted to point
biserial correlation prior to conversion to Fisher
z (sampling variance uniquely computed in such case).
When studies failed to report group size, equal size was
assumed. A square root transformation for partial R2 or
R2 reported in studies was applied to obtain Pearson
r before conversion to Fisher z.

To accommodate dependence of study effect esti-
mates, a multivariate/multilevel, random effects meta-
analysis was performed for each region, with a random
effect for each level of the study variable (i.e., for each
study). Models were fit using restricted maximum likeli-
hood. A single study reporting R2 failed to report indica-
tion of r directionality (Murias et al., 2018) across the
three regions. In lieu of excluding the study, meta-
analyses were conducted for both a positive and negative
direction for this study’s Pearson r value for each region.
Additionally for the face region, given the lack of indica-
tion of whether samples used in the two Riby and
Hancock studies were the same, our analyses assumed,
and thus modeled them, as different samples (Riby &
Hancock, 2009a; Riby & Hancock, 2009b). The final
combined Fisher z correlation effect estimate and confi-
dence interval produced for each meta-analysis was then
converted to a Pearson correlation coefficient estimate
using the following formula:

exp 2� zð Þ�1
exp 2� zð Þþ1

Cochran’s Q test based on the chi-square distribution was
used to evaluate the presence of heterogeneity. Funnel
plots provide a means of assessing the presence of publi-
cation bias by modeling effect size estimates relative to
precision of the estimate. The present study did not
employ this method of evaluation given plots do not take
into account dependence among multiple effects from the
same study and thus papers that provide multiple effects
would unduly impact symmetry, negating the value of
interpreting symmetry.

Meta-regression: Participant and task
characteristics

If significant heterogeneity was detected for a region in
the meta-analysis model (Cochran’s Q test p < 0.05),
bivariate meta-regressions were performed for that region
to identify study characteristics that explain heterogeneity
in the overall effect size estimate. A total of 10 continuous
(*) and categorical (**) explanatory variables (autism
symptom severity measure rater**, % females in the sam-
ple*, emotional vs. non-emotional task condition**,

number of people in the scene**, points of calibration**,
whether the task was static or dynamic**, eyetracker
sampling rate**, unique regions of interest in stimuli**,
total number of trials**, and age* [in years]) were meta-
regressed for eligible regions, provided that there were
10 or more non-missing values in the region-specific pre-
dictor (Cochrane Training, n.d.). These counts can be
found in Supplementary Table 1 in Data S1. Definitions
and region-level summary statistics for predictors can
be found in Supplementary Materials 2 and Supple-
mentary Table 1 in Data S1, respectively. Multiple
predictors could not be investigated simultaneously in
a model (i.e., multiple meta-regression) due to an inad-
equate number of estimates per region (Cochrane
Training, n.d.). For bivariate meta-regression models, a
single explanatory variable was added to the basic inter-
cept model with no fixed effect predictors used to perform
the meta-analysis. Only statistics linked to significant
predictors are reported (p < 0.05) in main body results.

Sensitivity and subgroup analyses

A risk of bias assessment was conducted using the
Newcastle-Ottawa Scale, adapted for cross-sectional
studies (Modesti et al., 2016). A detailed overview of the
risk of bias assessment tailored for the current analysis is
in Supplementary Table 2 in Data S1, and an estimate-
level summary of risk of bias levels per region of interest
(ROI) is included in Supplementary Table 1 in Data S1.
Effect statistics from studies evaluated as possessing dif-
ferent levels of risk of bias were all included in the calcu-
lation of the combined effect estimate for each region.
Additionally, combined estimates were derived based on
a range of different correlation types, in place of
restricting to Pearson correlation coefficient. These deci-
sions were made in the interest of maximizing sample size
of the meta-analysis. Analysis results may be impacted
by the assumption of comparability among correlation
type. Partial correlations which control for covariate(s)
are often attenuated relative to Pearson correlations and
Spearman correlations are considered a good approxima-
tion of Pearson under specific conditions (e.g., large sam-
ple size; de Winter et al., 2016). In turn, sensitivity
analyses were performed to investigate how conclusions
may be impacted when only considering Pearson correla-
tion coefficients. Subgroup analyses were performed to
compare the overall effect estimate derived from studies
with unsatisfactory levels of bias to studies with satisfac-
tory levels of bias.

RESULTS

From a total of 2991 articles initially identified, 95 met
inclusion criteria and were included (refer to Figure 1 for
PRISMA flowchart; Page et al., 2021). To achieve our
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aim of understanding how gaze allocation is related to
social functioning in ASD, results were initially grouped
and examined by gaze measure. Gaze measures were
coded by the type of eyetracking paradigm employed:
free viewing (where participants were not instructed to
allocate gaze toward predetermined regions of interest),
visual search (where participants were instructed to locate
a predetermined target of interest), and saccadic para-
digms (where participants were required to shift their
gaze in response to visual stimuli). An overview of gaze
measures used across studies can be seen in Table 1. For
free viewing measures, results were further classified by
the ROI in which gaze was allocated (see Table 2),
including single ROIs (face, eyes, mouth, nose, hand,
head, body, people, object, background, overall stimulus)
and multiple ROIs (dual social/nonsocial stimuli, face
vs. non-face, eyes vs. mouth). Studies were further
defined by the type of visual stimulus used to assess visual
processing function (i.e., dynamic vs. static, social
vs. nonsocial). Dynamic stimuli involved a moving
sequence of events, while static stimuli involved still
images. Social stimuli reflected the presence of at least
one human, while nonsocial stimuli involved the presence
of nonhuman related activities and images.

Social functioning measures included clinical autism
measures (social domain and total scores), behavioral
functioning (social subscales), social impairment, and
performance on social functioning tasks (including emo-
tion recognition, face recognition, gender identification,
joint attention, and ToM). Additionally, three studies

created composite measures of social functioning from
individual tasks/scales. An overview of these can be
found in Table 3.

Results are presented by the type of eyetracking para-
digm employed, with the free viewing studies further clas-
sified by ROI.

Free viewing studies

Individual interest areas

Biological interest areas
Face/head. A total of 33 studies examined the face/head
ROI, with 20 identifying significant relationships between
gaze toward the face and social functioning/autism symp-
tom severity. Of these, 13 demonstrated significant rela-
tionships where reductions in looking time toward the face
ROI was associated with decreased social functioning/
increased autism symptom severity (refer to Table 4).
Three studies found the opposite relationship. Sasson et al.
(2007) found that increased gaze duration to the face was
associated with reductions in emotion accuracy in ASD.
Results indicated that the level of engagement with the
face/head stimuli was also relevant to the association
between gaze and social functioning/autism symptom
severity. Chawarska and Shic (2009) found that increased
gaze allocation to the face was associated with poorer face
recognition performance (on the Visual Paired Compari-
son paradigm; Fantz, 1964) in participants with ASD,

Records identified from: 
Databases (n = 2991) 
    CINAHL Plus (n = 220) 
    Embase (n = 1158) 
    Ovid MEDLINE (n = 633) 
    psycINFO (n = 980) 

Records removed before 
screening:

Duplicate records removed 
(n = 1409) 
Records marked as ineligible 
by automation tools (n = 0) 
Records removed for other 
reasons (n = 0) 

Records screened 
(n = 1582) 

Records excluded 
(n = 1425) 

Reports sought for retrieval 
(n = 157) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n = 157) 

Reports excluded: 
Gaze/social functioning not 
examined (n = 40) 
Intervention study, no 
baseline (n = 2) 
Not an empirical/peer 
reviewed study, review paper 
(n = 2) 
No ASD sample (n = 3) 
Less than 10 participants (n = 
2)
No objective measure of 
social functioning (n = 18) 

Records identified from: 
Websites (n = 0) 
Organisations (n = 0) 
Citation searching (n = 5) 

Reports assessed for eligibility 
(n = 5) 

Reports excluded (n = 0) 

Studies included in review 
(n = 95) 
Reports of included studies 
(n = 0) 

Identification of studies via databases and registers Identification of studies via other methods 
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Reports sought for retrieval 
(n = 5) 
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F I GURE 1 PRISMA flow diagram
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TABLE 1 List of gaze measures employed across studies by task

Gaze measure Studies

Free viewing

Eye contact

Duration Jones et al. (2017).

Frequency Jones et al. (2017).

Dwell/looking time Bacon et al. (2020), Campbell et al. (2014), Chawarska and Shic (2009), Chawarska
et al. (2012), Chawarska et al. (2016), Crawford et al. (2015), Crehan and
Althoff (2021), Crehan et al. (2020), Cuve et al. (2021), Frazier et al. (2016),
Frazier et al. (2018), Groen et al. (2012), Kaliukhovich et al. (2020), Macari
et al. (2021), Murias et al. (2018), Nadig et al. (2010), Plesa-Skwerer
et al. (2019), Sasson et al. (2007), Sawyer et al. (2012), Shic et al. (2011), Shic
et al. (2020).

Dynamic scanning index Wilson et al. (2012).

Entropy

Gaze transition entropy Cuve et al. (2021).

Stationary gaze entropy Cuve et al. (2021).

Eye fixation points Ohya et al. (2014).

Gaze allocation Amso et al. (2014).

Gaze following Sumner et al. (2018).

Gaze shifts (no. correct) Franchini et al. (2017).

Gaze similarity Avni et al. (2020), Tenenbaum et al. (2021), Wang et al. (2018).

Fixation

Change Kliemann et al. (2010).

Count/number/percentage/proportion Bast et al. (2021), Corden et al. (2008), Crehan and Althoff (2021), Cuve
et al. (2021), Fedor et al. (2018), Hanley et al. (2015), Kou et al. (2019),
McPartland et al. (2011), Rigby et al. (2016), Snow et al. (2011), Unruh et al.
(2016), Vivanti et al. (2014).

Duration/time Amestoy et al. (2015), Asberg Johnels et al. (2017), Avni et al. (2020), Bast
et al. (2021), Bird et al. (2011), Bradshaw et al. (2019), Chawarska and
Shic (2009), Cole et al. (2017), Crehan and Althoff (2021), Crehan et al. (2020),
Cuve et al. (2021), Del Valle Rubido et al. (2018), Fedor et al. (2018), Franchini
et al. (2016), Frost-Karlsson et al. (2019), Fujioka et al. (2016), Fujioka
et al. (2020), Gillespie-Smith, Doherty-Sneddon, et al. (2014), Gillespie-Smith,
Riby, et al. (2014), Greene et al. (2020), Griffin and Scherf (2020), Grynszpan
and Nadel (2014), Hanley et al. (2014), Jones et al. (2008), Jones and
Klin (2013), Kirchner et al. (2011), Klin et al. (2002), Kou et al. (2019), Moore
et al. (2018), Muller et al. (2016), Norbury et al. (2009), Parish-Morris et al.
(2013), Pierce et al. (2011), Pierce et al. (2016), Riby and Hancock (2009a), Riby
and Hancock (2009b), Riby et al. (2013), Rice et al. (2012), Rigby et al. (2016),
Sasson et al. (2016), Shaffer et al. (2017), Speer et al. (2007), Sumner et al.
(2018), Swanson and Siller (2013), Thorup et al. (2017), Unruh et al. (2016),
White et al. (2015), Wieckowski and White (2016), Xavier et al. (2015), Zamzow
et al. (2014), Zantinge et al. (2017).

Latency Crawford et al. (2015), Frost-Karlsson et al. (2019), Gillespie-Smith, Doherty-
Sneddon, et al. (2014), Gillespie-Smith, Riby, et al. (2014), Hanley et al. (2014),
Sumner et al. (2018), Unruh et al. (2016).

Likelihood Del Bianco et al. (2021).

Responsive search score Ohya et al. (2014).

Saccadic indices

Amplitude Cuve et al. (2021).

Amplitude, duration, peak velocity,
velocity main sequence

Bast et al. (2021).

Number Xavier et al. (2015).

Total eye scanning length Ohya et al. (2014).

Visual exploration Sasson et al. (2008).

(Continues)
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reflective of restricted scanning of internal facial features,
while Del Valle Rubido et al. (2018) found that increased
gaze toward the face during a gender discrimination task
was associated with higher scores on the ADOS Recipro-
cal and Social Interaction and ADOS Communication
and Social Interaction domains.

Three studies used joint attention paradigms explor-
ing congruent/expected (where a model’s gaze is directed
toward a target) and incongruent/unexpected (where a
model’s gaze is directed away from a target) gaze. Across
a combined sample of participants with ASD and neuro-
typical controls, Swanson and Siller (2013) found a sig-
nificant moderating effect of social functioning ability.
Specifically, differences in fixation duration toward the
face between congruent and incongruent conditions were
only evident in participants with high levels of social
awareness (using the Social Awareness subscale of the
SRS). In participants with ASD, Plesa-Skwerer et al.
(2019) found that reduced looking time to the face was
associated with higher scores on the Autism Diagnostic
Interview-Revised (ADI-R) Reciprocal Social Interaction
subscale during the expected gaze shift condition, with no
relationship identified for the unexpected gaze shift con-
dition. No significant relationships with the ADOS Over-
all and Social Affect calibrated severity scores were

identified. In participants with ASD, Kaliukhovich et al.
(2020) demonstrated that increased looking time to the
heads of actors was associated with increased social func-
tioning (ADOS-2 Social Affect) and reduced autism
symptom severity (ADOS-2 Total) only when actors were
gazing at each other, but not when actors’ gaze was
focused on a shared activity. However, no associations
were identified for social domains of the Autism Behav-
ior Inventory or Aberrant Behavior Checklist, and the
authors urged caution in interpretation of the results
given the number of multiple comparisons performed.

Further evidence linking difficulties prioritizing atten-
tion to socially pertinent information with ToM was
demonstrated by Hanley et al. (2014). Across participants
with ASD, specific language impairment and neuro-
typical controls, there was an association between longer
anticipatory gaze (defined as the delay in gaze toward a
social actor to determine their awareness of an unex-
pected event occurring) and reduced ToM performance
(a composite of four false-belief tasks).

There is also evidence to suggest that gaze allocation
to the face in ASD is associated with autism symptom
severity in tasks requiring higher levels of social exchange.
Nadig et al. (2010) examined gaze duration to the face of
the researcher while they engaged in a brief face-to-face

TABLE 1 (Continued)

Gaze measure Studies

Visual search

Fixation duration Wang et al. (2020).

Latency Glennon et al. (2020).

Looking time (target) Bavin et al. (2014).

Saccadic error Keehn and Joseph (2016).

Search asymmetry Keehn and Joseph (2016).

Search intercept Joseph et al. (2009).

Search slope Joseph et al. (2009).

Saccadic paradigms

Antisaccade

Error rate DiCriscio et al. (2016).

Latency DiCriscio et al. (2016).

Distractor task

Accuracy Lindor et al. (2019).

Predictive saccades

Visit count (violation trials) Greene et al. (2019).

Prosaccade

Accuracy Zalla et al. (2016).

Disengagement, gap effect Keehn et al. (2019), McLaughlin et al. (2021).

Facilitation (gap-baseline) Glennon et al. (2020).

Gaze cueing Kuhn et al. (2010).

Latency DiCriscio et al. (2016), Zalla et al. (2016).

Variability Zalla et al. (2016).

Velocity Zalla et al. (2016).
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conversation with participants with ASD relating to either
a pre-identified specific circumscribed interest or a more
generic topic (e.g., pets). A significant negative relation-
ship between ADOS Total score (excluding item B1
“unusual eye contact”) and fixations on the face was iden-
tified during conversation about the generic topic,
although a trend level negative relationship was identified
for the circumscribed interest topic.

Overall, there is an indication that the relationship
between gaze toward the face and social functioning/
autism symptom severity is dependent on the social con-
text relating to the face. Research remains limited and

future directions might include further investigation to
determine how allocation of gaze toward the face is used
to support social functioning.

Eyes. A total of 32 studies investigated gaze directed
toward the eyes, with 15 of these identifying significant
positive associations between gaze allocation to the eyes
and social functioning and inverse associations with
autism symptom severity (refer to Table 5). Contrast-
ingly, one study, Chawarska and Shic (2009) found that
increased gaze allocation to the eyes was associated with
poorer face recognition performance (on the Visual

TABLE 2 List of regions of interest employed by free viewing studies

Region of interest Studies

Face/head (N = 33) Avni et al. (2020), Chawarska and Shic (2009), Chawarska et al. (2012), Cole et al. (2017), Del Bianco et al.
(2021), Del Valle Rubido et al. (2018), Gillespie-Smith, Riby, et al. (2014), Greene et al. (2020), Griffin and
Scherf (2020), Grynszpan and Nadel (2014), Hanley et al. (2014), Kaliukhovich et al. (2020), Kirchner et al.
(2011), Macari et al. (2021), Murias et al. (2018), Nadig et al. (2010), Parish-Morris et al. (2013), Plesa-
Skwerer et al. (2019), Riby and Hancock (2009a), Riby and Hancock (2009b), Rigby et al. (2016), Sasson
et al. (2007), Sasson et al. (2016), Shic et al. (2011), Shic et al. (2020), Snow et al. (2011), Sumner et al. (2018),
Swanson and Siller (2013), Vivanti et al. (2014), White et al. (2015), Wilson et al. (2012), Xavier et al. (2015),
Zantinge et al. (2017).

Eyes (N = 32) Amestoy et al. (2015), Asberg Johnels et al. (2017), Avni et al. (2020), Chawarska and Shic (2009), Corden et al.
(2008), Crawford et al. (2015), Crehan and Althoff (2021), Crehan et al. (2020), Cuve et al. (2021), Del Valle
Rubido et al. (2018), Fedor et al. (2018), Fujioka et al. (2016), Fujioka et al. (2020), Gillespie-Smith,
Doherty-Sneddon, et al. (2014), Hanley et al. (2014), Hanley et al. (2015), Jones et al. (2008), Jones and
Klin (2013), Jones et al. (2017), Kirchner et al. (2011), Klin et al. (2002), McPartland et al. (2011), Muller
et al. (2016), Murias et al. (2018), Norbury et al. (2009), Plesa-Skwerer et al. (2019), Rice et al. (2012),
Sawyer et al. (2012), Speer et al. (2007), White et al. (2015), Wieckowski and White (2016), Zamzow
et al. (2014).

Mouth (N = 23) Amestoy et al. (2015), Asberg Johnels et al. (2017), Chawarska and Shic (2009), Chawarska et al. (2012), Corden
et al. (2008), Cuve et al. (2021), Del Valle Rubido et al. (2018), Fedor et al. (2018), Fujioka et al. (2016),
Fujioka et al. (2020), Gillespie-Smith, Doherty-Sneddon, et al. (2014), Hanley et al. (2015), Jones
et al. (2008), Kirchner et al. (2011), Klin et al. (2002), Muller et al. (2016), Murias et al. (2018), Norbury
et al. (2009), Plesa-Skwerer et al. (2019), Rice et al. (2012), Sawyer et al. (2012), Wieckowski and White
(2016), Zamzow et al. (2014).

Nose (N = 4) Chawarska and Shic (2009), Cuve et al. (2021), Del Valle Rubido et al. (2018), Zamzow et al. (2014).

Hand (N = 2) Cole et al. (2017), Vivanti et al. (2014).

Body (N = 7) Del Valle Rubido et al. (2018), Jones et al. (2008), Kaliukhovich et al. (2020), Klin et al. (2002), Muller
et al. (2016), Sasson et al. (2007), Speer et al. (2007).

People (N = 4) Del Valle Rubido et al. (2018), Frost-Karlsson et al. (2019), Murias et al. (2018), Shic et al. (2011).

Global scene (N = 10) Avni et al. (2020), Bast et al. (2021), Chawarska et al. (2012), Chawarska et al. (2016), Cuve et al. (2021), Griffin
and Scherf (2020), Murias et al. (2018), Shic et al. (2011), Tenenbaum et al. (2021), Wang et al. (2018).

Object and nonbiological
targets (N = 22)

Cole et al. (2017), Del Valle Rubido et al. (2018), Franchini et al. (2017), Fujioka et al. (2020), Gillespie-Smith,
Riby, et al. (2014), Greene et al. (2020), Griffin and Scherf (2020), Jones et al. (2008), Kaliukhovich
et al. (2020), Klin et al. (2002), Muller et al. (2016), Murias et al. (2018), Ohya et al. (2014), Plesa-Skwerer
et al. (2019), Riby et al. (2013), Rice et al. (2012), Sasson et al. (2008), Shic et al. (2011), Snow et al. (2011),
Swanson and Siller (2013), Thorup et al. (2017), Vivanti et al. (2014).

Background (N = 3) Del Valle Rubido et al. (2018), Kaliukhovich et al. (2020), Shic et al. (2011).

Face versus non-face (N = 4) Amso et al. (2014), Bird et al. (2011), Chawarska et al. (2016), Greene et al. (2020).

Eyes versus mouth (N = 6) Bird et al. (2011), Bradshaw et al. (2019), Chawarska and Shic (2009), Chawarska et al. (2016), Gillespie-Smith,
Doherty-Sneddon, et al. (2014), Kliemann et al. (2010).

Dual social and nonsocial
stimuli (N = 18)

Bacon et al. (2020), Bradshaw et al. (2019), Campbell et al. (2014), Chawarska and Shic (2009), Chawarska
et al. (2016), Del Valle Rubido et al. (2018), Franchini et al. (2016), Frazier et al. (2016), Frazier et al. (2018),
Fujioka et al. (2016), Fujioka et al. (2020), Groen et al. (2012), Kou et al. (2019), Moore et al. (2018), Pierce
et al. (2011), Pierce et al. (2016), Shaffer et al. (2017), Unruh et al. (2016).

Biological motion
displays (N = 4)

Del Valle Rubido et al. (2018), Fujioka et al. (2016), Fujioka et al. (2020), Kou et al. (2019).
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TABLE 3 List of social functioning and autism symptom severity measures used across studies

Social functioning/autism symptom severity measure Studies

Autism symptom scales

Autism Behavior Checklist (Volkmar et al., 1988)

Total Wang et al. (2020).

Autism Behavior Inventory (Bangerter et al., 2017, 2019)

Social communication Kaliukhovich et al. (2020).

Core ASD symptom scale Kaliukhovich et al. (2020).

Autism Diagnostic Interview—Revised (ADI-R; Lord et al., 1994;
Rutter et al., 2003)

Reciprocal social interaction Amestoy et al. (2015), Grynszpan and Nadel (2014), Plesa-Skwerer
et al. (2019), Tenenbaum et al. (2021), Zalla et al. (2016).

Social affect Bast et al. (2021).

Social interaction Keehn and Joseph (2016).

Social score Kirchner et al. (2011), Kliemann et al. (2010), Speer et al. (2007),
Zamzow et al. (2014), Zantinge et al. (2017).

Total Kliemann et al. (2010).

Autism Diagnostic Observation Schedule (ADOS, ADOS-2,
ADOS-G, ADOS-T; Hus et al., 2011; Lord et al., 1989; Lord
et al., 1999; Lord et al., 2000; Lord et al., 2002; Lord, Luyster,
et al., 2012; Lord, Rutter, et al., 2012; Luyster et al., 2009)

Communication and social interaction Del Valle Rubido et al. (2018).

Comparison score Avni et al. (2020).

Reciprocal social interaction Corden et al. (2008), Del Valle Rubido et al. (2018), DiCriscio
et al. (2016), Groen et al. (2012), Zalla et al. (2016).

Severity score Rice et al. (2012), Zantinge et al. (2017).

Severity score (calibrated) Bast et al. (2021), Fedor et al. (2018), Keehn et al. (2019), Plesa-
Skwerer et al. (2019), Tenenbaum et al. (2021).

Social Joseph et al. (2009), Norbury et al. (2009), Speer et al. (2007).

Social affect Amso et al. (2014), Bast et al. (2021), Frazier et al. (2016), Jones and
Klin (2013), Kaliukhovich et al. (2020), Kou et al. (2019), Macari
et al. (2021), Moore et al. (2018), Pierce et al. (2011), Plesa-
Skwerer et al. (2019), Shic et al. (2011), Wang et al. (2018).

Social affect (calibrated severity score) Bast et al. (2021), Jones et al. (2017).

Social affect/communication Pierce et al. (2016).

Social algorithm Jones et al. (2008), Klin et al. (2002).

Social communication McLaughlin et al. (2021), Unruh et al. (2016), Vivanti et al. (2014).

Social interaction Keehn and Joseph (2016).

Symptom severity Bird et al. (2011), Franchini et al. (2016), Frazier et al. (2016), Frazier
et al. (2018), Murias et al. (2018), Unruh et al. (2016).

Total algorithm score Shic et al. (2020).

Total score (calibrated severity score) Bast et al. (2021), Bradshaw et al. (2019), Griffin and Scherf (2020),
Shic et al. (2020).

Total score (module 1) Campbell et al. (2014).

Global/total score Amestoy et al. (2015), Avni et al. (2020), Bacon et al. (2020),
Chawarska et al. (2012), Chawarska et al. (2016), Corden et al.
(2008), Del Valle Rubido et al. (2018); Kaliukhovich et al. (2020),
Kou et al. (2019), McLaughlin et al. (2021), Moore et al. (2018),
Nadig et al. (2010), Pierce et al. (2011), Pierce et al. (2016),
Thorup et al. (2017).

Autism Spectrum Screening Questionnaire (ASSQ; Ehlers et al., 1999)

Total score (caregiver rated, teacher rated) Ohya et al. (2014).

(Continues)
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TABLE 3 (Continued)

Social functioning/autism symptom severity measure Studies

Autism Spectrum Quotient (AQ, AQ28; Baron-Cohen, Wheelwright,
Skinner, et al., 2001; Baron-Cohen et al., 2006; Hoekstra et al.,
2011)

Total score Asberg Johnels et al. (2017), Corden et al. (2008), Cuve et al. (2021),
Kuhn et al. (2010), Rigby et al. (2016).

Childhood Autism Rating Scale (CARS; Schopler et al., 1998)

Total Gillespie-Smith, Doherty-Sneddon, et al. (2014), Gillespie-Smith,
Riby, et al. (2014), Grynszpan and Nadel (2014), Riby and
Hancock (2009a), Riby and Hancock (2009b), Riby et al. (2013).

Pervasive Developmental Disorder Behavior Inventory (PDD-BI;
Cohen et al., 2003)

Expressive/receptive social communication Murias et al. (2018), Tenenbaum et al. (2021).

Autism composite Murias et al. (2018), Tenenbaum et al. (2021).

Social Communication Questionnaire (SCQ; Rutter et al., 2003)

Social subscale Sasson et al. (2008).

Total score Bavin et al. (2014), Crawford et al. (2015), Gillespie-Smith, Doherty-
Sneddon, et al. (2014), Gillespie-Smith, Riby, et al. (2014), Greene
et al. (2019), Parish-Morris et al. (2013), Shaffer et al. (2017),
Sumner et al. (2018), Vivanti et al. (2014).

Behavioral scales

Aberrant Behavior Checklist (ABC; Aman et al., 1985)

Lethargy/social withdrawal subscale Del Valle Rubido et al. (2018), Kaliukhovich et al. (2020), Shaffer
et al. (2017), Tenenbaum et al. (2021).

Behavior Assessment System for Children, 2nd Edition (BASC-2;
Goldin et al., 2014)

Social skills Murias et al. (2018).

Five to Fifteen (FTF; Kadesjo et al., 2004)

Social competence subscale Frost-Karlsson et al. (2019).

Composite measures

Autism traits

Principal components analysis of Autism Diagnostic Observation
Schedule (ADOS-2; Lord et al., 2000), Social Responsiveness
Scale (SRS; Constantino et al., 2003), The Awareness of Social
Inference Test (TASIT; McDonald et al., 2006), and Autism
Spectrum Quotient (AQ; Baron-Cohen, Wheelwright, Skinner,
et al., 2001).

Cole et al. (2017).

Face processing accuracy

Composite of Let us Face It! Matching Identity Across Expression
and Matchmaker Expression Subtests (Tanaka et al., 2012; Wolf
et al., 2008)

Parish-Morris et al. (2013).

Theory of Mind Battery

Unexpected contents first-order false-belief task (Smarties Task;
Wimmer & Hartl, 1991), unexpected location first-order false
belief task (Sally and Andy Task; Wimmer & Perner, 1983),
belief desire reasoning task (Nice Surprise Task; Harris et al.,
1989), unexpected location second-order false-belief task
(Grandad Story; Perner & Wimmer, 1985)

Hanley et al. (2014).

Emotion Recognition Tasks

Dynamic emotional face paradigm Cuve et al. (2021).

Ekman-Friesen test of facial affect recognition (Ekman & Friesen,
1976)

Happy, sad, angry, surprised, disgusted, fear recognition Corden et al. (2008).

(Continues)
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TABLE 3 (Continued)

Social functioning/autism symptom severity measure Studies

Emotion classification task

Total Kliemann et al. (2010).

Emotions in context task

Accuracy Sasson et al. (2016).

Emotion recognition task/s

Accuracy Wieckowski and White (2016), Xavier et al. (2015).

Accuracy (basic expression, complex expression) Sawyer et al. (2012).

Free choice response expression task

Accuracy Wieckowski and White (2016).

Penn Emotion Recognition Task (ER-40; Gur et al., 2002)

Composite score Greene et al. (2020).

Social scenes task (emotion recognition)

Accuracy Sasson et al. (2007).

Face recognition tasks

Cambridge Face Memory Test (CFMT; Duchaine & Nakayama,
2006)

Immediate recognition, delayed recognition Fedor et al. (2018).

Total Kirchner et al. (2011).

Face-fan memory task

Recognition accuracy Snow et al. (2011).

Face recognition test

Accuracy Wilson et al. (2012).

Visual Paired Comparison paradigm (VPC; Fantz, 1964)

Familiar, novel, novelty preference ratio Chawarska and Shic (2009).

Gender identification

Mind in the Eyes: Gender task (Baron-Cohen, Wheelwright, Scahill,
et al., 2001)

Total correct McPartland et al. (2011).

Joint attention tasks

Early Social Communication Scale (ESCS; Mundy et al., 2003)

Total correct Franchini et al. (2017).

Social functioning scales

Movie for the Assessment of Social Cognition (MASC; Dziobek
et al., 2006)

Total Muller et al. (2016).

Social Skills Improvement System (SSIS; Gresham & Elliott, 2008)

Social skills (parent report) Griffin and Scherf (2020).

Social Responsiveness Scale (SRS, SRS-2; Constantino & Gruber,
2002, 2005, 2012; Constantino et al., 2003)

Parent/caregiver rated Bacon et al. (2020).

Autistic mannerisms subscale Hanley et al. (2015), Shaffer et al. (2017).

Social awareness subscale Hanley et al. (2015), Shaffer et al. (2017), Swanson and Siller (2013).

Social cognition subscale Hanley et al. (2015), Kaliukhovich et al. (2020), Shaffer et al. (2017).

Social communication subscale Hanley et al. (2015), Kaliukhovich et al. (2020), Shaffer et al. (2017).

Social communication and interaction Kaliukhovich et al. (2020).

Social motivation subscale Hanley et al. (2015), Kaliukhovich et al. (2020), Shaffer et al. (2017).

(Continues)
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Paired Comparison paradigm; Fantz, 1964) in partici-
pants with ASD, reflective of limited scanning of internal
facial features.

There was further evidence to suggest that gaze
allocation to the eyes was related to social functioning
and autism symptom severity in situations requiring
greater social engagement and understanding. In par-
ticipants with ASD, Gillespie-Smith, Doherty-
Sneddon, et al. (2014) found that reduced fixation
duration to the eyes was associated with higher scores
on the Social Communication Questionnaire (SCQ)
when viewing self and unfamiliar faces, but not for
familiar faces. No significant relationships were identi-
fied with the Childhood Autism Rating Scale (CARS).
Jones et al. (2017) examined participants with ASD
engaging in both interactive play and conversation
segments with the researcher. A significant relation-
ship only emerged during the conversational segment
(requiring a greater level of reciprocal social interac-
tion), where reductions in eye fixation was associated
with higher ADOS Social Affect domain (calibrated
severity score), and SRS-2 Total scores (the latter
including neurotypical participants in the analysis).
Plesa-Skwerer et al. (2019) found that reduced fixation
duration to the eyes of an actor was associated with
increased ADOS Overall calibrated severity scores in
participants with ASD. However, this was only when
the actors gaze unexpectedly shifted away from the
target of interest, but not when gaze shifted toward
the target of interest. No significant relationships were
identified with the ADI-R or ADOS social subscales.

Limited studies also suggest a potential influence of
participant characteristics on this relationship. Rice
et al. (2012) explored the impact of cognitive ability on
the relationship between fixation duration to the eyes
and ADOS severity scores. In ASD participants with
a higher even full scale IQ profile (i.e., verbal
IQ = nonverbal IQ, full scale IQ ≥ 98), increased per-
centage fixation duration to the eyes was associated with
lower ADOS severity scores; a pattern not identified in
participants with a lower even full scale IQ profile
(i.e., verbal IQ = nonverbal IQ, full scale IQ < 98), a
verbal advantage (i.e., verbal IQ > nonverbal IQ) or
nonverbal advantage (i.e., nonverbal IQ > verbal IQ). In
their longitudinal investigation of infants later diagnosed
with ASD, Jones and Klin (2013) found that in infants
later diagnosed with ASD, a decline in eye fixation from
2 to 24 months of age was associated with increased
ADOS Social Affect subscale scores measured at
24 months. The decline in eye fixation from 2 to
24 months of age was further broken down into subsets
(2–6 months, 2–9 months, 2–12 months, 2–15 months,
2–18 months), with a statistically significant relationship
between eye fixation decline and increased ADOS Social
Affect subscale scores emerging at the 2–12 month band
(which remained significant for 2–15 month and 2–
18 month bands).

The association between eye gaze and social functioning/
autism symptom severity appears to be context-dependent,
similar to gaze allocation toward the face more broadly.
Further investigation of mediating factors, such as IQ and
neurodevelopment of gaze, will be of interest.

TABLE 3 (Continued)

Social functioning/autism symptom severity measure Studies

Total Bast et al. (2021), Crehan and Althoff (2021), Del Bianco et al.
(2021), Frazier et al. (2016), Frazier et al. (2018), Fujioka
et al. (2020), Glennon et al. (2020), Greene et al. (2020), Griffin
and Scherf (2020), Hanley et al. (2015), Jones et al. (2017),
Kaliukhovich et al. (2020), Keehn et al. (2019), Lindor
et al. (2019), McLaughlin et al. (2021), Shaffer et al. (2017),
Speer et al. (2007), Thorup et al. (2017), Unruh et al. (2016),
White et al. (2015).

Self-rated

Total Bast et al. (2021), Fujioka et al. (2016), Greene et al. (2019), Greene
et al. (2020).

Theory of mind tasks

Hinting Task (Corcoran et al., 1995)

Total Greene et al. (2020).

Reading the Mind in the Eyes Test (RMET; Baron-Cohen,
Wheelwright, Hill, et al., 2001)

Total Kirchner et al. (2011).

Theory of Mind Inventory—Second Edition, self-report (ToMI-2-SR;
Hutchins et al., 2014)

Early, basic, advanced Crehan and Althoff (2021), Crehan et al. (2020).

Total Crehan and Althoff (2021).
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Mouth. Of the 23 studies investigating the relationship
between gaze to the mouth and social functioning/autism
symptom severity, 10 studies identified significant find-
ings (refer to Table 6). The direction of these results,
however, were mixed. Some studies found that increased
gaze toward the mouth was associated with improved
social functioning/autism symptom severity (e.g., Fedor
et al., 2018; Klin et al., 2002), while others found that it
was associated with deficits in social functioning/autism
symptom severity (e.g., Amestoy et al., 2015; Hanley
et al., 2015).

Two studies found that gaze allocation to the mouth
was associated with both increased and decreased social
functioning/autism symptom severity with the direction
of findings dependent on cognitive capacity (Rice et al.,
2012) or emotion (Wieckowski & White, 2016). In rela-
tion to cognitive capacity, Rice et al. (2012) found that
participants with ASD and a verbal IQ advantage
(i.e., verbal IQ > nonverbal IQ) demonstrated a negative
association between percentage fixation duration to the
mouth and ADOS severity scores. Conversely, higher
ADOS severity scores were related to increased percent-
age fixation duration to the mouth for participants with
a higher even full scale IQ profile (i.e., verbal
IQ = nonverbal IQ, full scale IQ ≥ 98). In relation to
emotion, Wieckowski and White (2016) identified altered
gaze toward the mouth region, where increased gaze was
associated with increased performance in the identifica-
tion and mirroring of sad expressions and with decreased
performance in mirroring fear expressions.

Nose. Four studies explored gaze allocation to the nose
with social functioning/autism symptom severity (refer to
Table 7), with no significant relationships identified
(Chawarska & Shic, 2009; Cuve et al., 2021; Del Valle
Rubido et al., 2018; Zamzow et al., 2014).

Hand. Two studies explored fixation duration to the hand
region with social functioning/autism symptom severity
(refer to Table 8), with no significant results identified
(Cole et al., 2017; Vivanti et al., 2014).

Body. Seven studies examined the relationship between
fixation duration/looking time to the body and social
functioning/autism symptom severity with the general
pattern of findings indicating a lack of association
between fixation duration to the body and social func-
tioning/autism symptom severity (refer to Table 9). Six
of the seven studies employed stimuli in which two or
more people were interacting (Del Valle Rubido et al.,
2018; Kaliukhovich et al., 2020; Klin et al., 2002; Muller
et al., 2016; Sasson et al., 2007; Speer et al., 2007),
Jones et al. (2008) included a video of a single actor
looking directly into the camera, and Speer et al. (2007)
employed stimuli with single and multiple social
characters.

People. Four studies examined gaze allocation to people
within a social scene, two employing stimuli with single
people (Frost-Karlsson et al., 2019; Murias et al., 2018)
and two studies using stimuli with two people engaged in
a shared activity (Del Valle Rubido et al., 2018; Shic
et al., 2011). Refer to Table 10 for a summary. Overall, a
clear pattern of results was lacking, with findings largely
non-significant.

Global scene/stimulus. Ten studies examined the distribu-
tion of gaze across the entirety of the presented social
scene (refer to Table 11). Of these, six studies explored
fixation duration or dwell time directed to the presented
social scene. Results were mixed, with two indicating that
a reduction in attending to a social scene was associated
with increased social functioning difficulties (ADOS-
Generic Social Affect; Shic et al., 2011) and autism symp-
tom severity (ADOS-Generic Total; Chawarska et al.,
2016), and three failing to identify significant relation-
ships (Bast et al., 2021; Griffin & Scherf, 2020; Murias
et al., 2018). Additionally, although Chawarska et al.
(2012) found a negative correlation between attention to
the scene and ADOS-Generic Total score, ADOS-
Generic Total score was not a significant predictor of
attention to the social scene when entered into a stepwise
regression alongside verbal and nonverbal IQ.

Three studies compared gaze patterns between ASD
and neurotypical participants when viewing movie scenes
with social based activities and interactions (Avni et al.,
2020; Tenenbaum et al., 2021; Wang et al., 2018). Each
study found that ASD participants had significantly more
idiosyncratic/variable gaze patterns and that these were
associated with poorer social functioning (e.g., ADI-R
Reciprocal Social Interaction; Tenenbaum et al., 2021;
ADOS Social Affect; Wang et al., 2018) and increased
autism symptom severity (e.g., ADOS-2 calibrated sever-
ity score; Tenenbaum et al., 2021; ADOS-2 Total; Avni
et al., 2020).

Cuve et al. (2021) investigated predictability of gaze
allocation across presentations of dynamic emotional
facial expressions. This was achieved via the investigation
of indices of entropy, where reduced entropy reflected
structured patterns of gaze behavior. No significant asso-
ciations were identified between measures of entropy and
autism traits (Autism Spectrum Quotient [AQ] 28) or
emotion recognition performance.

Finally, Bast et al. (2021) explored how additional
ocular motor features (fixations per second, saccade
duration, saccade amplitude, peak saccade velocity,
velocity main sequence) were associated with social func-
tioning and autism symptom severity (ADI-R Social
Affect, ADOS Social Affect/Total calibrated severity
scores, parent and self-rated SRS scores) during the
visual exploration of naturalistic (social and nonsocial)
scenes in participants with ASD. No significant associa-
tions were identified.
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Overall, although there is inconsistency as to whether
attention to presented stimuli is associated with social
functioning/autism symptom severity, recent literature
suggests this may instead be driven by how gaze is dis-
tributed across the social scene.

Summary of biological interest areas. Overall, existing lit-
erature supports clear associations between the face, eyes,
and mouth with social functioning/autism symptom
severity in ASD. Although decreased gaze toward the
face and eyes is associated with decreased social function-
ing/higher autism symptom severity, the relationship
between gaze toward the mouth and social functioning/
autism symptom severity is less clear and likely depen-
dent on emotional content of a social scene and cognitive
profile.

Nonbiological interest areas
Objects and nonbiological targets. A total of 22 studies
explored the relationship between gaze toward objects
and nonbiological targets and social functioning/autism
symptom severity (refer to Table 12). Of these studies,
10 employed gaze cued, joint attention, and activity
monitoring paradigms (Del Valle Rubido et al., 2018;
Franchini et al., 2017; Fujioka et al., 2020; Griffin &
Scherf, 2020; Kaliukhovich et al., 2020; Plesa-Skwerer
et al., 2019; Riby et al., 2013; Shic et al., 2011;
Swanson & Siller, 2013; Thorup et al., 2017) and the
general pattern of findings (seven out of these 10 stud-
ies) indicated significant associations between gaze
measures and social functioning/autism symptom
severity.

Of particular interest was the finding of Rice et al.
(2012), who found that the relationship between fixation
duration to objects and social functioning was modulated
by cognitive functioning. Specifically, increased fixation
duration to objects was related to higher ADOS severity
scores only in participants with a higher even full scale
IQ profile (i.e., verbal IQ = nonverbal IQ, full scale IQ
≥ 98), with the relationship becoming nonsignificant in
remaining cognitive profiles (i.e., verbal IQ = nonverbal
IQ and full scale IQ < 98, verbal IQ > nonverbal IQ,
nonverbal IQ > verbal IQ).

Background. Three studies examined fixation duration to
background regions within social scenes in participants
with ASD (refer to Table 13). Shic et al. (2011) found
that increased fixation duration to the background region
of a scene depicting an interaction between an adult and
child was related to greater issues with social affect
(ADOS-Generic, Social Affect subscale). Contrastingly,
two studies failed to identify significant relationships
between gaze and fixation duration to the background of
social scenes with social functioning and autism symptom
severity (Del Valle Rubido et al., 2018; Kaliukhovich
et al., 2020).
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Multiple interest areas

Face versus non-face region
Four studies investigated the distribution of gaze between
broader face and non-face regions, returning mixed
results in participants with ASD (refer to Table 14). Bird
et al. (2011) explored the dispersion of gaze across face
and non-face stimuli while participants viewed four video
clips. Greater preference for the face compared with non-
face regions was associated with decreased autism symp-
tom severity (ADOS symptom severity). As part of their
examination of the influence of low-level visual features
on driving visual attention across a social scene, Amso
et al. (2014) found a relationship, controlling for age and
average fixation counts, between decreases in looking at
the primary face area of interest and more toward sec-
ondary areas of interest with increased Social Affect
severity on the ADOS.

Contrastingly, two studies failed to identify relation-
ships in participants with ASD. Chawarska et al. (2016)
examined the distribution of gaze across a short video of
an actress surrounded by four toys and sandwich ingredi-
ents. Differences in the allocation of gaze between the
face versus activity and in the face versus toys was not
related to autism symptom severity (ADOS-Generic
Total). Greene et al. (2020) explored the utility of a social
skills intervention, using performance on an eyetracking
task (involving joint and parallel play) as a measure of
treatment response. Social prioritization at baseline (the
difference in fixation duration to social [faces] and object
[background] ROIs) was not associated with social cogni-
tion and functioning (Hinting Task, Penn Emotion Rec-
ognition Task, SRS-2).

Eyes versus mouth region
Six studies compared the allocation of gaze between the
eye and mouth regions in participants with ASD, with
mixed findings (refer to Table 15). Three of these identi-
fied significant results. Gillespie-Smith, Doherty-
Sneddon, et al. (2014) found that longer fixation to the
eyes compared with the mouth was associated with
increased social functioning (SCQ) when viewing head
and shoulder photographs of unfamiliar and self-faces,
but not for familiar faces. Kliemann et al. (2010) used an
eye preference index, representing fixation changes
upward from the mouth, and downward from the eyes of
static facial images depicting different emotions. Greater
preference for the eye region was related to improved
social functioning (ADI-R Social), higher emotion recog-
nition performance (emotion classification task), but
unrelated to global autism symptomatology (ADI-R
Total). Contrastingly, Chawarska and Shic (2009) found
that increased gaze duration to the eyes was associated
with poorer facial recognition performance (Visual
Paired Comparison paradigm; Fantz, 1964), reflective of
the limited scanning required to fully encode a face for
later recognition.T
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Three studies, however, failed to find a relationship
between the ratio of eye to mouth fixation duration
with autism symptom severity using dynamic social
stimuli (Bird et al., 2011) and static facial images
(Bradshaw et al., 2019; Chawarska et al., 2016). Over-
all, findings suggest that gaze allocation across the eye
and mouth regions is associated with social functioning
specifically, rather than broader autism symptom
severity.

Combined social and nonsocial regions
A total of 18 studies explored the distribution of gaze
across combinations of social and nonsocial regions of
interest (refer to Table 16). Of particular interest are the
11 studies that used variations of the preferential
looking task initially developed by Pierce et al. (2011),
involving the dual presentation of dynamic or static
social and geometric images, with participants
instructed to view the display naturally. There is evi-
dence to suggest that a preference for viewing social
stimuli is associated with higher social functioning abil-
ity (e.g., Fujioka et al., 2020; Kou et al., 2019; Moore
et al., 2018; Pierce et al., 2016). Moreover, Franchini
et al. (2016) found that fixation duration to biological
motion in toddlers with ASD predicted improvement in
autism symptom severity 1 year later (ADOS-Generic
severity score).

Biological motion displays
Four studies examined gaze to point light displays of bio-
logical motion, with mixed findings (refer to Table 17).
Del Valle Rubido et al. (2018) employed a biological
motion task in participants with ASD, involving the
simultaneous presentation of two dynamic point light
displays—one depicting a human engaging in activities
(e.g., walking, waving), and the other a series of moving
dots. Preference for biological motion was negatively
associated with the Aberrant Behavior Checklist Leth-
argy/Social Withdrawal subscale, but no relationships
were identified for the ADOS social domains or total
score. Fujioka et al. (2020) found that results differed
depending on age, where increased fixation duration to
inverted biological motion was associated with improved
social functioning (SRS-2) across ASD and neurotypical
participants in the 0–18 year and 6–11 year age groups.
No significant relationships were identified for upright
biological motion.

Two failed to identify significant relationships with
social functioning or autism symptom severity. Fujioka
et al. (2016) examined fixation duration to both upright
and inverted representations of human biological
motion, neither of which was related to social function-
ing (SRS). Kou et al. (2019) explored fixation counts
and duration to animate (human, cat) and inanimate
(random dots) point light displays. No significant rela-
tionships were identified with ADOS-2 Total and Social
domain scores.

Visual search

Five studies examined visual search paradigms, although
tasks and measures of visual processing varied (refer to
Table 18). Three studies employed visual search para-
digms where participants were required to identify a tar-
get stimulus presented among distractor stimuli. In a
sample of participants with ASD, Keehn and Joseph
(2016) found a greater number of initial leftward sac-
cades was associated with improved social functioning,
while a greater number of initial rightward saccades was
associated with reduced social functioning. Joseph et al.
(2009) explored the factors underpinning superior visual
search performance in ASD across static/dynamic and
target absent/present arrays of a target presented among
distractor letters. Although search slope (an indicator of
search efficiency reflective of attentional shifting
between array items and the ability to filter irrelevant
items) was not associated with social functioning
(ADOS Social domain), the intercept (reaction time if
the visual search component was removed from the task)
in the static/target present condition was negatively asso-
ciated with the ADOS Social domain score. Participants
in Glennon et al. (2020) were required to identify a red
apple embedded within an array of blue apple and red
rectangle distractor targets. Although faster target detec-
tion was identified in children (both ASD and Down
syndrome) with higher scores on the SRS-2, search
latency did not predict SRS-2 scores in children
with ASD.

Two studies required participants to detect targets
without distractor stimuli. Bavin et al. (2014) employed
a target detection task and reported that reduced
looking time at the target was associated with higher
SCQ scores in a combined group of participants with
ASD and neurotypical controls. Wang et al. (2020)
presented participants with ASD with photographs of
natural scenes (e.g., oceans, trees) in which either a
social (i.e., children) or nonsocial (e.g., bowl) incongru-
ent image was embedded. Participants were required to
search for children in each scene. First fixation duration
and total fixation duration to embedded social stimuli
was negatively associated with scores on the Autism
Behavior Checklist.

Overall, although there is an indication of some visual
processing measures being associated with social func-
tioning/autism symptom severity in ASD, methodological
heterogeneity makes it difficult to draw conclusions.

Saccadic function

Saccadic functioning was examined by eight studies
across multiple paradigms (refer to Table 19). DiCriscio
et al. (2016) explored antisaccade errors and antisaccade/
prosaccade latency, using social (i.e., open-mouth happy
faces), high autism interest (e.g., vehicles, construction
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equipment, books) and low autism interest (e.g., office
supplies, furniture, musical instruments) images as
peripheral stimuli. Although increased antisaccade error
rates were associated with increased social impairment
across all three stimulus categories, no significant rela-
tionships were identified when considering each stimulus
category independently. Saccade latency was not related
to measures of social functioning. Lindor et al. (2019)
explored the influence of distractors and motor profi-
ciency on saccadic functioning. Autism symptomatology
(SRS-2 Total score) significantly predicted final saccade
accuracy, but only in the context of low motor
proficiency.

Four studies used gap-overlap paradigms, involving
the presentation of a central target stimulus that disap-
pears prior to the onset of a peripheral stimulus (gap con-
dition), or remains on the screen with the presentation of
a peripheral stimulus (overlap condition). Additionally, a
baseline (or step) condition was included where the cen-
tral stimulus offset is simultaneous with peripheral stimu-
lus onset. Results were mixed. Glennon et al. (2020)
found that reduced facilitation (the difference in saccadic
reaction time between gap and baseline trials) was associ-
ated with higher scores on the SRS-2 in ASD. However,
using auditory (rather than visual) central and peripheral
stimuli, Keehn et al. (2019) found that disengagement
efficiency (saccadic reaction time divided by the number
of trials in which a gaze shift occurred) across
gap/overlap/baseline conditions was not associated with
scores on the ADOS-2 (calibrated severity score) or
SRS-2 (Total score). Zalla et al. (2016) found that sac-
cadic latency, accuracy, velocity, and variability were not
associated with the social subscales of the ADI-R and
ADOS across gap, overlap, and step conditions. Finally,
McLaughlin et al. (2021) did not identify an association
between the gap effect (difference in latency between the
gap and overlap conditions) and autism symptom sever-
ity (ADOS-2 Total score) or social functioning (ADOS-2
Social Communication score, SRS-2 Total score [parent
report]) across combinations of social and nonsocial cen-
tral and peripheral stimuli.

Finally, two studies examined cued and predictive
gaze paradigms with similarly mixed findings. Partici-
pants in Greene et al. (2019) undertook an eyetracking
task where the presentation of a circle or a square on a
computer screen was indicative of the target (social and
nonsocial images) appearing on the left and right side of
the screen, respectively. Target locations were correctly
cued 80% of the time. During trials in which the target
was incorrectly cued, the number of times in which the
cued location was attended to was negatively related to
both SCQ and SRS scores (although only the SRS sur-
vived corrections for multiple comparisons) across ASD
and neurotypical participants. These, however, were not
significant within the ASD group alone. Kuhn et al.
(2010) required participants to direct their gaze to a
peripheral target with either an eye-gaze distractor

(a centrally positioned face looking at one of the two
peripheral targets) or arrow distractor (directional arrow
pointing toward one of the two peripheral targets) across
both congruent and incongruent trials (distractors
looking/pointing toward or away from the peripheral tar-
get, respectively). An efficiency score incorporating sac-
cadic reaction time was not associated with AQ scores.

Overall, although there is an indication of associa-
tions between oculomotor indices with social functioning/
autism symptom severity, studies are few with further
investigation required.

Quantitative analysis

Sample size and descriptive statistics

A total of 16, 17, and 13 correlation effect estimates gen-
erated from nine, eight, and seven studies were included
in the meta-analysis for the face, eye, and mouth region,
respectively. Names of studies included in the meta-
analysis for each region can be found in Supplementary
Materials 3–8 in Data S1. After exclusion criteria were
applied, no odds ratios or unstandardized beta estimates
were present and studies only contributed more than one
effect size due to different task conditions. Count and
proportion of statistic type included in the meta-analyses
for each region are summarized in Supplementary
Table 1 in Data S1.

Meta-analysis: Overall effect estimate and key
results

According to Cohen’s effect size guidelines of Pearson
correlation (Cohen, 1988), a multilevel, random effects
meta-analysis model revealed a medium sized and nega-
tive combined correlation effect estimate for the face
region, Murias et al. (2018) negative value: Fisher’s
z = �0.49, p < 0.001, 95% CI [�0.74, �0.23]; Pearson
r = �0.45, 95% CI [�0.63, �0.23]. This indicated that
more looking at the face region was associated with
reduced autism symptom severity. The confidence inter-
val was wide, implying that aggregated data support
values for the true unknown population association that
correspond to a negative correlation of either small,
medium or large magnitude.

For the eye region, a small and negative overall corre-
lation effect size estimate was obtained, Murias et al.
(2018) negative value: Fisher’s z = �0.24, p < 0.001, 95%
CI [�0.35, �0.13]; Pearson r = �0.24, 95% CI [�0.33,
�0.13]. This similarly indicated that more looking at the
eye region was associated with reduced autism symptom
severity. The confidence interval was wide and indicates
that aggregated data support values for the true unknown
population association that correspond to a negative cor-
relation of either small or medium magnitude.

RIDDIFORD ET AL. 1431



T
A
B
L
E

1
9

Su
m
m
ar
y
of

fi
nd

in
gs
—
Sa

cc
ad

ic
pa

ra
di
gm

s
(N

=
8)

R
ef
er
en
ce

V
is
ua

l

pr
oc
es
si
ng

in
de
x

V
is
ua

l

st
im

ul
i

So
ci
al

fu
nc
tio

n/

au
tis
m

tr
ai
t

m
ea
su
re

P
ar
tic

ip
an

tc
ha

ra
ct
er
is
tic

s
O
th
er

cl
in
ic
al

gr
ou

ps
in

an
al
ys
is
?

R
es
ul
ts

N
D
ia
gn
os
is

Se
x

A
ge

M
(S
D
)

IQ
/D

Q
/m

en
ta
la

ge
L
an

gu
ag

e

D
iC
ri
sc
io

et
al
.

(2
01

6)

A
nt
is
ac
ca
de

(e
rr
or

ra
te
)

St
at
ic
,s
oc
ia
l/

no
ns
oc
ia
l

(H
A
I,
L
A
I)

A
D
O
S
(R

SI
)

19
A
SD

16
M
al
es
,3

F
em

al
es

13
.3
5
ye
ar
s
(4
.3
8
ye
ar
s)

V
IQ

:1
01

.1
1
(1
8.
78

)

N
V
IQ

:1
03

.8
4
(1
4.
57

)

IQ
C
om

po
si
te
:1

03
.0
5
(1
4.
29

)

-
N
o

P
os
it
iv
e
co
rr
el
at
io
n

(a
cr
os
s
al
ls
ti
m
ul
us

ca
te
go

ri
es
)

ns (w
it
hi
n
st
im

ul
us

ca
te
go

ri
es
)

A
nt
is
ac
ca
de

(l
at
en
cy
),

pr
os
ac
ca
de

(l
at
en
cy
)

ns

G
le
nn

on
et

al
.

( 2
02

0)

F
ac
ili
ta
ti
on

(t
ar
ge
t
ob

je
ct
,

ga
p/
ov

er
la
p
ta
sk
)

St
at
ic
,

no
ns
oc
ia
l

SR
S-
2

16
iA

SD
,7

D
S
+

A
SD

,

8
D
S-
A
SD

iA
SD

iA
S
D

16
M
al
es

D
S
�

A
S
D

4
M
al
es
,3

F
em

al
es

D
S
-A

S
D

4
M
al
es
,4

F
em

al
es

iA
S
D

8.
5
ye
ar
s
(1
.6

ye
ar
s)

D
S
�

A
S
D

8.
7
ye
ar
s
(1
.8

ye
ar
s)

D
S
-A

S
D

9.
1
ye
ar
s
(2
.2

ye
ar
s)

L
ei
te
r-
3

iA
S
D

56
(2
2)

D
S
�

A
S
D

30
(1
8)

D
S
-A

S
D

49
(1
5)

-
Y
es

(i
A
SD

,

D
S
+

A
SD

,

D
S-
A
SD

)

M
ai
n
ef
fe
ct

of
gr
ou

p,
gr
ou

p

x
fa
ci
lit
at
io
n
in
te
ra
ct
io
n

(h
ig
he
r
SR

S-
2
sc
or
es

as
so
ci
at
ed

w
it
h
sm

al
le
r

fa
ci
lit
at
io
n
in

iA
SD

,n
ot

D
S)

iA
SD

on
ly

N
eg
at
iv
e
pr
ed
ic
ti
on

(r
eg
re
ss
io
n
m
od

el
w
it
h
m
ea
n

se
ar
ch

la
te
nc
y
in

ga
p-

ov
er
la
p
ta
sk
)

G
re
en
e
et

al
.

( 2
01

9)

V
is
it
co
un

t
(c
ue

pr
ed
ic
te
d

lo
ca
ti
on

,v
io
la
ti
on

tr
ia
ls
)

St
at
ic
,s
oc
ia
l

SC
Q
,S

R
S

25
A
SD

,1
8
N
T

A
SD

,N
T

A
S
D

22
M
al
es
,3

F
em

al
es

N
T

17
M
al
es
,1

1
F
em

al
es

A
S
D

14
.7
8
ye
ar
s
(1
.6
2
ye
ar
s)

N
T

14
.8
1
ye
ar
s
(2
.0
8
ye
ar
s)

A
S
D

V
IQ

:1
05

.2
4
(1
6.
98

);
P
IQ

:1
01

.8
0

(1
8.
02

);
F
SI
Q
:1

04
.4
0
(1
8.
22

)

N
T

V
IQ

:1
10

.7
8
(1
1.
97

);
P
IQ

:1
04

.8
3

(1
4.
98

);
F
SI
Q
:1

09
.2
8
(1
4.
88

)

-
Y
es

(N
T
)

N
eg
at
iv
e
co
rr
el
at
io
n
(f
ul
l

sa
m
pl
e,
on

ly
SR

S

su
rv
iv
ed

B
on

fe
rr
on

i

co
rr
ec
ti
on

)

ns (A
SD

,N
T
in
di
vi
du

al
ly
)

K
ee
hn

et
al
.

( 2
01

9)

D
is
en
ga

ge
m
en
t

(a
ud

it
or
y

ga
p/
ov

er
la
p)

D
yn

am
ic
,s
oc
ia
l

A
D
O
S-
2
(C

SS
–

A
SD

on
ly
),

SR
S-
2
(T
ot
al
)

21
A
SD

,2
0
N
T

A
SD

,N
T

A
S
D

17
M
al
es
,4

F
em

al
es

N
T

15
M
al
es
,5

F
em

al
es

A
S
D

11
.5

ye
ar
s
(1
.3

ye
ar
s)

N
T

11
.2

ye
ar
s
(1
.5

ye
ar
s)

A
S
D

V
IQ

:1
02

(1
9)
,N

V
IQ

:1
01

(2
0)

N
T

V
IQ

:1
10

(1
1)
,N

V
IQ

:1
11

(1
3)

-
Y
es

(N
T
,

SR
S
on

ly
)

ns

K
uh

n
et

al
.

( 2
01

0)

G
az
e
cu
ei
ng

(d
if
fe
re
nc
e
in

in
te
rf
er
en
ce

be
tw

ee
n
ar
ro
w

an
d
ga

ze
cu
es
)

St
at
ic
,s
oc
ia
l

A
Q

12
A
SD

,1
2
N
T

A
SD

,N
T

-
A
S
D

26
.0

ye
ar
s
(1
0.
5
ye
ar
s)

N
T
:2

2.
4
ye
ar
s
(9
.7

ye
ar
s)

A
S
D

V
IQ

:1
09

(2
4.
9)
;P

IQ
:1

05
(1
7.
6)

F
SI
Q
:1

08
(2
2.
9)

N
T

V
IQ

:1
08

(1
4.
5)
,P

IQ
:1

07
(1
0.
9)

F
SI
Q
:1

09
(1
2.
5)

-
Y
es

(N
T
)

ns

(C
on

ti
nu

es
)

1432 RIDDIFORD ET AL.



T
A
B
L
E

1
9

(C
on

ti
nu

ed
)

R
ef
er
en
ce

V
is
ua

l

pr
oc
es
si
ng

in
de
x

V
is
ua

l

st
im

ul
i

So
ci
al

fu
nc
tio

n/

au
tis
m

tr
ai
t

m
ea
su
re

P
ar
tic

ip
an

tc
ha

ra
ct
er
is
tic

s
O
th
er

cl
in
ic
al

gr
ou

ps
in

an
al
ys
is
?

R
es
ul
ts

N
D
ia
gn
os
is

Se
x

A
ge

M
(S
D
)

IQ
/D

Q
/m

en
ta
la

ge
L
an

gu
ag

e

L
in
do

r
et

al
.

( 2
01

9)

F
in
al

sa
cc
ad

e

ac
cu
ra
cy

(d
is
tr
ac
to
r
ta
sk
)

D
yn

am
ic
,

no
ns
oc
ia
l

SR
S-
2
(T
ot
al
)

19
A
SD

,2
6
N
T

A
SD

,N
T

A
S
D

10
M
al
es
,9

F
em

al
es

N
T

12
M
al
es
,1

4
F
em

al
es

A
S
D

9.
48

ye
ar
s
(1
.9
4
ye
ar
s)

N
T

10
.1
1
ye
ar
s
(2
.4
3
ye
ar
s)

A
S
D

F
SI
Q
:1

04
.8
9
(1
6.
66

)

N
T

F
SI
Q
:1

08
.6
2
(1
3.
25

)

-
Y
es

(N
T
)

Si
gn

if
ic
an

t
In
te
ra
ct
io
n

(S
R
S-
2
x
M
A
B
C
-2
)

ns (S
R
S-
2,

SR
S-
2
x
C
on

ne
rs
-3

G
lo
ba

lT
-s
co
re
;S

R
S-
2,

SR
S-
2
x
C
on

ne
rs
-3

In
at
te
nt
io
n
T
-s
co
re
;

SR
S-
2,

SR
S-
2
x

C
on

ne
rs
-3

H
yp

er
ac
ti
vi
ty
/

Im
pu

ls
iv
it
y
T
-s
co
re
;

SR
S-
2,

SR
S-
2
x
ag

e;

SR
S-
2,

SR
S-
2
x
ge
nd

er

M
cL

au
gh

lin

et
al
.(
20

21
)

G
ap

ef
fe
ct

St
at
ic
,s
oc
ia
l/

no
ns
oc
ia
l

A
D
O
S-
2
So

ci
al

C
om

m
un

ic
at
io
n,

T
ot
al
;S

R
S-
2

pa
re
nt

re
po

rt

35
A
SD

27
M
al
es
,

8
F
em

al
es

10
.9
6
ye
ar
s

(2
.7
2
ye
ar
s)

IQ
:9

0.
82

(2
4.
09

)
-

N
o

ns

Z
al
la

et
al
.(
20

16
)

V
is
ua

lly
gu

id
ed

sa
cc
ad

e
(s
te
p,

ga
p,

ov
er
la
p)
:l
at
en
cy
,

ac
cu
ra
cy
,m

ea
n

ve
lo
ci
ty
,v

ar
ia
bi
lit
y

G
re
en

fi
lle
d

sq
ua

re

A
D
I-
R

(R
SI
);

A
D
O
S
(S
oc
ia
l)

20
A
SD

19
M
al
es
,1

F
em

al
e

31
.5

ye
ar
s

(1
0.
7
ye
ar
s)

F
SI
Q
:1

08
.6

(1
5.
6)
,

V
IQ

:1
11

.7
(1
4.
7)
,

P
IQ

:1
05

.7
(1
6.
8)

-
N
o

ns

A
bb

re
vi
at
io
ns
:A

D
I-
R
,A

ut
is
m

D
ia
gn

os
ti
c
In
ve
nt
or
y,

R
ev
is
ed
;A

D
O
S,

A
ut
is
m

D
ia
gn

os
ti
c
O
bs
er
va

ti
on

Sc
he
du

le
;A

D
O
S-
2,

A
ut
is
m

D
ia
gn

os
ti
c
O
bs
er
va

ti
on

Sc
he
du

le
,S

ec
on

d
E
di
ti
on

;A
SD

,a
ut
is
m

sp
ec
tr
um

di
so
rd
er
;C

SS
,c
al
ib
ra
te
d
se
ve
ri
ty

sc
or
e;
D
S
+

A
SD

,D
ow

n
sy
nd

ro
m
e

w
it
h
au

ti
sm

sp
ec
tr
um

di
so
rd
er
;D

S-
A
SD

,D
ow

n
sy
nd

ro
m
e
w
it
ho

ut
au

ti
sm

sp
ec
tr
um

di
so
rd
er
;F

SI
Q
,f
ul
ls
ca
le
in
te
lli
ge
nc
e
qu

ot
ie
nt
;H

A
I,
hi
gh

au
ti
sm

in
te
re
st
;i
A
SD

,i
di
op

at
hi
c
au

ti
sm

sp
ec
tr
um

di
so
rd
er
;I
Q
,i
nt
el
lig

en
ce

qu
ot
ie
nt
;L

A
I,
lo
w
au

ti
sm

in
te
re
st
;M

A
B
C
-2
,M

ov
em

en
t

A
ss
es
sm

en
t
B
at
te
ry

fo
r
C
hi
ld
re
n,

Se
co
nd

E
di
ti
on

;n
s,
no

t
si
gn

if
ic
an

t;
N
T
,n

eu
ro
ty
pi
ca
l;
N
V
IQ

,n
on

ve
rb
al

in
te
lli
ge
nc
e
qu

ot
ie
nt
;R

SI
,r
ec
ip
ro
ca
ls
oc
ia
li
nt
er
ac
ti
on

;S
C
Q
,S

oc
ia
lC

om
m
un

ic
at
io
n
Q
ue
st
io
nn

ai
re
;S

R
S,

So
ci
al

R
es
po

ns
iv
en
es
s
Sc
al
e;
SR

S-
2,

So
ci
al

R
es
po

ns
iv
en
es
s
Sc
al
e,

Se
co
nd

E
di
ti
on

;V
IQ

,v
er
ba

li
nt
el
lig

en
ce

qu
ot
ie
nt
.

RIDDIFORD ET AL. 1433



For the mouth region, a positive relationship of negli-
gible effect size (i.e., very small) was identified, Murias
et al. (2018) negative value: Fisher’s z = 0.03, p = 0.79,
95% CI [�0.21, 0.27]; Pearson r = 0.03, 95% CI [�0.21,
0.27]. The confidence interval was wide and suggests that
aggregated data support values for the true unknown
population association that correspond to either a posi-
tive or negative correlation of very small to small magni-
tude. Thus, much uncertainty exists around the true
nature of this association (i.e., positive or negative). For
each region, weighted Fisher z transformed units and
Pearson correlation forest plots are in Supplementary
Materials 3–8 in Data S1. Plots reflect an imputed nega-
tive value for the Murias study across regions (face r:
�0.37, eyes r: �0.39, mouth r: �0.39). For Pearson forest
plots, the x-axis was transformed (non-linear x-axis) to
obtain symmetric 95% confidence intervals.

For all regions, minimal change in the overall effect
estimate and precision of the estimate (i.e., width of 95%
CI) was observed by changing the valence of the Murias
et al. (2018) statistic from negative to positive; faces
Murias et al. (2018) positive value: Fisher’s z = �0.42,
95% CI [�0.69, �0.14]; Pearson r = �0.40, 95% CI
[�0.60, �0.14], eyes Murias et al. (2018) positive value:
Fisher’s z = �0.19, 95% CI [�0.33, �0.06]; Pearson
r = �0.19, 95% CI [�0.32, �0.05], mouth Murias et al.
(2018) positive value: Fisher’s z = 0.12, 95% CI [�0.10,
0.35]; Pearson r = 0.12, 95% CI [�0.10, 0.34]. The slight
adjustments to the estimate incurred by changing the
valence made no, or very minor, difference to interpreta-
tion of findings in terms of strength and direction of asso-
ciation. As a result, for subsequent meta-regression and
subgroup analyses, a negative value was assigned to
results from this study for the face, eyes, and mouth
regions.

Meta-regression

Cochran’s Q tests revealed significant heterogeneity in
the meta-analysis for the face and mouth regions
(p < 0.001 and 0.001, respectively). No significant hetero-
geneity was identified for the meta-analysis with respect
to the eye region (p > 0.05). Therefore, for the face and
mouth regions, explanatory variables were assessed to
determine whether they significantly contributed to the
heterogeneity identified in their respective meta-analyses.

For the face and mouth regions, the rater of the autism
symptom severity measure (categories: clinician/researcher
rated, parent/caregiver rated, self-rated [eyes, mouth only],
teacher rated) was found to be a significant predictor of the
effect estimate in both meta-analyses, face: Qm(df = 2)
= 10.69, p = 0.005, mouth: Qm(df = 3) = 19.59, p < 0.001.
Qm is the omnibus test of whether there is a difference in
size of the correlation estimate between at least two levels
of a categorical variable. For the face region, results rev-
ealed that compared to clinician/researcher rated measures,

a stronger negative relationship between looking time at
the face and autism symptom severity was identified for
teacher rated measures (Fisher’s z: b = �0.62, 95% CI
[�1.03, �0.22], p = 0.003). For the mouth region, results
revealed that compared to clinician/researcher rated mea-
sures (in which a negative correlation was estimated), a
more positive relationship between looking time at the face
and autism symptom severity was identified for parent/
caregiver rated measures (Fisher’s z outcome: b = +0.32,
95% CI [0.044, 0.59], p = 0.023), self-rated measures
(Fisher’s z outcome: b = +0.63, 95% CI [0.34, 0.92],
p < 0.001), and teacher rated measures (Fisher’s z outcome:
b = +0.48, 95% CI [0.052, 0.90], p = 0.028). The change in
correlation from reference category, clinician/researcher
rated, to comparator group is represented by b (present
and subsequent paragraph).

Two additional significant predictors of the effect esti-
mate were also identified. For the face region, points of cal-
ibration was a significant predictor, Qm(df = 1) = 42.77,
p < 0.001. In comparison to studies using five points of cal-
ibration during eyetracking, a stronger negative relation-
ship was identified between looking time at the face and
autism symptom severity using more than five points of
calibration during eyetracking (Fisher’s z: b = �0.76, 95%
CI [�0.99, �0.53], p < 0.001). For the mouth region, the
number of unique ROIs was a significant predictor,
Qm(df = 3) = 13.21, p < 0.001. In comparison to studies
with two unique ROIs, a more negative association was
identified between looking time at the face and autism
symptom severity with four unique ROIs (Fisher’s z:
b = �0.44, 95% CI [�0.75, �0.12], p = 0.006).

Full omnibus meta-regression results for all predictors
investigated for the face and mouth regions in addition to
correlational estimates of the association between gaze
and ASD symptom severity for each level of categorical
predictors can be found in Supplementary Materials
9 and 10 in Data S1, respectively.

Sensitivity and subgroup analyses

Correlation type
For each region, we judged that minimal change in the
effect size estimate was observed when a meta-analysis
was conducted only using Pearson’s correlation coeffi-
cients. The overall combined estimate for Pearson’s cor-
relation coefficients were (1) face (Fisher’s z: b = �0.54,
95% CI [�0.82, �0.27]; Pearson’s r = �0.50, 95% CI
[�0.67, �0.27]), (2) eyes (Fisher’s z: b = �0.19, 95% CI
[�0.36, �0.03]; Pearson’s r = �0.19, 95% CI [�0.35,
�0.03]), and (3) mouth (Fisher’s z: b = 0.08, 95% CI
[�0.32, �0.47]; Pearson’s r = 0.08, 95% CI
[�0.44, �0.31]).

Risk of bias
The influence of level of study bias on overall effect size
estimates was only investigated for the eye and mouth

1434 RIDDIFORD ET AL.



regions, as all studies included in the face region were
evaluated as “satisfactory” based on the Newcastle-
Ottawa scale.

For mouth and eye regions, studies were categorized
as either “unsatisfactory” or “satisfactory” and no stud-
ies were classified as “good” or “very good.” For the
eye region, no significant difference in the combined
correlation effect estimate was identified when compar-
ing studies considered “unsatisfactory” and those con-
sidered “satisfactory” (Fisher’s z: b = 0.086, 95% CI
[�0.16, 0.33], p = 0.49). Similarly, for the mouth
region, no significant difference in the combined corre-
lation effect estimate was identified when comparing
studies considered “unsatisfactory” and those consid-
ered “satisfactory” (Fisher’s z: b = �0.188, 95% CI
[�0.712, 0.337], p = 0.48). The magnitude and direction
of change in correlation from reference category,
“unsatisfactory,” to comparator group, “satisfactory,”
is indicated by b.

DISCUSSION

Much research has been dedicated to exploring the rela-
tionship between visual processing and social functioning
in ASD, particularly in recent years. Despite the reviewed
literature supporting some longstanding assertions as to
the gaze correlates of social functioning/autism symptom
severity (e.g., reduced face and eye fixation), findings are
generally negative or inconsistent, and there is evidence
to suggest that relationships are context-dependent and
reflective of the heterogeneous nature of ASD. Moreover,
although increased gaze toward the face/head and eye
regions is largely linked to better social functioning and
reduced autism symptom severity, gaze allocation to the
mouth appears dependent on social and emotional con-
tent of scenes and cognitive profiles of participants. Our
research also highlights that variation in social function-
ing measurements, ASD heterogeneity, a lack of research
design consistency, and the exploratory/underpowered
nature of many studies makes further conclusions diffi-
cult to draw at this stage. Each of these will be considered
in turn.

Social motivation

Individuals with ASD have been described as assigning
less reward value to social situations, reflective of the
social motivation hypothesis of ASD (Chevallier et al.,
2012). This theory posits that less reward value is
assigned to engagement with social stimuli, leading to a
reduction in attending to and engaging with social stim-
uli. Therefore, rather than a consequence of poor social
functioning, reduced social motivation instead leads to
social functioning difficulties. Indeed, there is evidence in
the literature to suggest that social functioning ability of

individuals can only be appraised in relation to visual
processing when social stimuli are used that reduce the
likelihood of an individual with ASD to regress into inde-
pendent, nonsocial activity. Nadig et al. (2010) and Jones
et al. (2017) identified that greater ASD symptomatology
and reductions in social functioning was related to
reduced fixations toward the face and eyes, respectively,
during tasks in which there was a greater need for
engagement with a social partner. The process of dis-
cussing a circumscribed interest for the ASD group in
Nadig et al.’s study was described as a well-rehearsed and
mechanistic process. Therefore, the reciprocal nature of
the conversation is reduced, with the authors suggesting
that face fixation serves to orient the individual toward
their social partner rather than being utilized to share a
social experience. Additionally, although Jones et al.
(2017) suggested that a lack of variability may account
for the nonsignificant findings with respect to the interac-
tive play segment, it may be that this activity was analo-
gous to the circumscribed interest topic, where
individuals with ASD were more likely to regress into
independent activity. Significant results were instead
obtained with conversational (Jones et al., 2017) and
generic (Nadig et al., 2010) topics, both reflective of a
shared social experience in which social functioning can
be more adequately assessed.

This finding could also be extended to Gillespie-Smith,
Doherty-Sneddon, et al. (2014), who explored the influence
of facial familiarity on the allocation of gaze and social
functioning. Increased percentage fixation duration to the
eyes was significantly associated with greater social func-
tioning ability only with respect to unfamiliar and self-
faces, but not familiar faces. It has been proposed that
attending to familiar faces may result in more cognitively
efficient face processing, with less time directed toward
examining specific facial components (i.e., eyes, mouth;
Sterling et al., 2008). It may be that this leads to a similar
regression into nonsocial activity in that there is a lack of
direction of visual attention toward facial components that
convey social meaning. Instead, the use of unfamiliar and
self-faces may require individuals with ASD to interpret
social cues from infrequent sources, requiring the increased
allocation of social attention from which the allocation of
gaze (and in turn, social functioning) can be assessed.

Moreover, disruption to early social learning pro-
cesses may then lead to difficulties in later modulating
gaze in response to unexpected social actions. Across a
combined group of ASD and neurotypical participants,
Swanson and Siller (2013) found that participants with
higher social functioning ability were able to modulate
their gaze between conditions where a model directed
their gaze toward (congruent) or away from (incongru-
ent) a target of interest. Fixation duration to the face was
significantly higher for the incongruent condition,
suggesting an orientation of gaze toward the model’s face
is made in an effort to search for joint attention cues to
explain a violation of the model in acting in a socially
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consistent manner (i.e., looking at the target). Such mod-
ulation was not seen for participants with poorer social
functioning ability, reflecting a lack of understanding the
use of shared social cues to act in a socially consistent
manner. Similarly, Hanley et al. (2014) found that partic-
ipants with ASD took longer to redirect their gaze
toward the face of the magician as a means of inferring
their social awareness when there was overt interference
in their performance.

Overall, there is an indication that direction of visual
attention toward social stimuli in individuals with ASD is
not necessarily reflective of increased motivation to fully
immerse oneself in a shared social experience. In this case,
increased motivation to attend to less threatening and
well-rehearsed social stimuli may instead result in regres-
sion into nonsocial activity, despite outwardly appearing
social. Contrastingly, a lack of motivation to attend to
social stimuli and interactions of increased complexity
and novelty in turn has detrimental effects on social cog-
nitive processing. This may also be bidirectional, with
poor social cognitive processing contributing to the main-
tenance of poor social gaze. The use of eyetracking to
identify gaze allocation across social stimuli and interac-
tions that are spontaneous and novel (increasing the likeli-
hood of actively engaging with a social partner) may not
only be a useful supplementary diagnostic tool in identify-
ing ASD, but also in serving as an indicator of improve-
ment following social motivational interventions.

Cognitive function

The clinical heterogeneity in the cognitive profile of ASD
is well documented, so it is not surprising to see emerging
evidence of its influence on the relationship between allo-
cation of gaze and social functioning. Although increased
allocation of gaze toward the eyes has long been associ-
ated with increased social functioning, there is evidence
to suggest that optimal social functioning in ASD is not
necessarily constrained to looking at this facial region.

This is particularly evident when it comes to allocat-
ing gaze toward the mouth. In participants with a higher
verbal than nonverbal cognitive profile, Rice et al. (2012)
found that increased fixation duration to the mouth was
related to improved social functioning. This result was
ascribed to this population directing gaze toward the
mouth in an effort to achieve social understanding by
way of interpreting literal linguistic cues. This was further
supportive of their previous study (Klin et al., 2002),
although only a verbal IQ in the average range was
reported in this sample. Another two studies similarly
identified improved social functioning with increased fix-
ation of the mouth, however, participants demonstrated
a relatively even verbal versus nonverbal profile (Del
Valle Rubido et al., 2018; Fedor et al., 2018), while
Wieckowski and White (2016) did not provide this cogni-
tive detail.

Contrastingly, Rice et al. (2012) noted that
decreased social functioning was instead identified for
participants with a higher full scale IQ (i.e., ≥ 98) when
gazing at the mouth (with an even verbal/nonverbal
profile). For this group, optimal social functioning was
instead related to increased fixation duration to the
eyes. This is also consistent with Fujioka et al. (2016)
who also identified that increased duration of looking
at the mouth of a blinking human face was associated
with decreased social functioning/increased autism
symptom severity in ASD participants with a mean full
scale IQ ≥ 98 (with an even verbal/nonverbal profile).
The direction of gaze toward specific facial regions may
vary according to the cognitive profile of ASD and the
associated capacity to successfully engage in social
interactions. More research in this field could yield
social training interventions that incorporate cognitive
profiles and are accordingly tailored to increasing
attention to facial regions that will likely lead to
improvements in social function.

Limitations and future research directions

Age

There are a broad range of ages covered across each of
the 95 studies reviewed, including infants later diagnosed
with autism through to adults. Despite this range, only
three studies have examined age-related implications.
Jones and Klin (2013) explored eye fixations in infants
later diagnosed with autism across 2–6 month, 2–
9 month, 2–12 month, 2–15 month, and 2–18 month
developmental periods. Emerging at trend level from the
2–9 month developmental period, a significant decline in
eye fixation was associated with reduced social function-
ing (ADOS Social Affect score) thereafter. Bacon et al.
(2020) found that a preference for geometric figures in
children aged 1–3 years with ASD positively predicted
ADOS total scores at 6–12 years. Contrastingly, Asberg
Johnels et al. (2017) found no relationship between either
fixation duration to the eye and mouth regions across
face depicting different emotions (i.e., happy, fearful,
angry, neutral) or the difference between fixation dura-
tion to the eye and mouth regions with autism traits
(as measured by the AQ) across either adolescent or adult
ASD groups. Although Frazier et al. (2017) and Chita-
Tegmark (2016b) found that age did not moderate group
differences in social/nonsocial attention between ASD
and neurotypical participants in their meta-analysis of
eyetracking studies, Chita-Tegmark (2016b) noted that
the average age of included studies were generated across
a broad age range and at best only offered a cross-
sectional representation of the influence of age. A longi-
tudinal investigation would not only offer a detailed
examination of the natural progression of gaze allocation
in ASD, but also highlight the potential effectiveness of
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remediative programs aiming to train gaze to improve
social functioning and symptom severity.

Biological sex

Males were by far most represented across studies, rang-
ing from 53% males (Lindor et al., 2019; White et al.,
2015) to male only samples (Del Valle Rubido et al.,
2018; Franchini et al., 2016; Fujioka et al., 2016; Jones &
Klin, 2013; Klin et al., 2002; Sasson et al., 2007; Speer
et al., 2007). Not only is this consistent with a greater
incidence of ASD in males (Loomes et al., 2017), but also
with the broader literature that has been biased toward
predominantly male samples (Kirkovski et al., 2013).
None of the reviewed studies, however, have examined
the relationship between gaze and social cognition as a
function of biological sex. This is particularly important
given the suggestion that females with ASD engage in
social camouflaging, being better able to disguise their
social functioning difficulties (Tubio-Fungueirino et al.,
2020). Specifically, as the female social dynamic tends to
reflect more intimate styles of social behavior, ASD-
related symptomatology is easier to conceal compared to
the large group-based activities within which males usu-
ally engage (Dean et al., 2017). Emerging evidence sup-
ports more normative social attention in females with
ASD, with increased attention to faces compared to
males with ASD (Harrop et al., 2019; Harrop et al.,
2020). Accordingly, there is a strong need to consider the
female presentation of ASD when understanding the
complex dynamics between visual processing and social
function in this population.

Social functioning measurement

A wide variety of social functioning measures have been
employed across studies, from specific measures of social
functioning (e.g., SRS subscales), social functioning sub-
scales of global autism measures (e.g., ADOS Social
Algorithm), and global autism measures (e.g., ADI-R
Total score, AQ). Additionally, these have reflected par-
ent, close other, and self-report versions. Although
20 studies included in this review identified relationships
between visual processing and social functioning that
were dependent on the social functioning measure used,
no clear patterns were identified.

This heterogeneity in approach has clear implica-
tions for the assessment of social functioning in ASD.
For example, research has indicated that measurement
tools used to screen for ASD symptomatology may not
adequately assess all presentations across the autism
spectrum (e.g., Cederberg et al., 2018). Global measures
of ASD symptomatology (including the assessment of
other ASD core domains, such as restricted/repetitive
behavior) have also been used as a means of assessing

social functioning in ASD (e.g., SRS; Fujioka et al.,
2016; White et al., 2015), meaning that associations
between these measures and gaze indices would likely
not be different to investigating group differences in
gaze between ASD and neurotypical participants.
Moreover, Pallathra et al. (2018) noted that social func-
tioning can be considered an overarching term
encompassing difficulties in domains such as social
motivation, social anxiety, social cognition, and social
skills. In turn, it was suggested that individuals with
ASD may demonstrate different profiles of deficits
depending on these subcategories of social functioning,
and that tailored social functioning treatments
depending on individual profiles would likely be more
effective than universal treatment approaches in ASD.
Therefore, future research should look to investigate
not only the different domains comprising social func-
tioning, but also the specific social functioning mea-
surements that best correlate with these domains.

Additionally, an issue in formally assessing social
functioning in ASD is the widespread heterogeneity in
presentation. The categorical framework of current diag-
nostic methods (e.g., DSM-5) fail to capture the variabil-
ity in presenting symptoms and the influence of comorbid
conditions which can have significant implications for
treatment approach (Hennessey et al., 2018; Mandy,
2018). Current diagnostic approaches to ASD are also
reliant on self/close-other reports and behavioral observa-
tions (Hennessey et al., 2018), with categorical
approaches neglecting the consideration of neurobiologi-
cal and genomic advances in our understanding of mental
health conditions (Insel et al., 2010).

The limitations associated with categorical
approaches in diagnosing mental health conditions, and
the heterogeneity in ASD presentations identified in the
current review (e.g., age, IQ), supports the continued
investigation into the use of the research domain criteria
(RDoC) in the context of social functioning in ASD. This
approach to the investigation and conceptualization of
mental health disorders assesses psychological function-
ing dimensionally from nonclinical to clinical, with a
focus on identifying underlying pathophysiology
(Cuthbert & Insel, 2013). The RdoC matrix considers a
range of functional domains (e.g., cognitive systems,
arousal and regulatory systems) against multiple units of
analysis (from genes through to self-report). Currently,
ASD symptomatology can be represented across each of
the functional domains of the RdoC (Harrison et al.,
2021). As a functional domain of the RdoC, systems for
social processes explores interpersonal functioning across
four constructs (affiliation and attachment, social com-
munication, perception and understanding of self, per-
ception, and understanding of others). Investigating
social functioning from this perspective acknowledges the
diversity in ASD via a consideration of the complex inter-
action between biological and behavioral determinants,
allowing for the development of targeted treatment
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approaches depending on individual pathophysiological
profiles (Ibrahim & Sukhodolsky, 2018; Mandy, 2018).
Eye gaze detection and scanning patterns have been
included as behavioral units of analysis for the social
communication construct of the systems for social pro-
cesses domain, and their inclusion would not only
account for the heterogeneity identified across the autism
spectrum with respect to gaze, but as potential diagnostic
biomarkers. Indeed, there are recent studies that have
explored the use of eyetracking variables as potential bio-
markers for ASD (Bradshaw et al., 2019; Del Valle
Rubido et al., 2018; McPartland et al., 2020).

Despite RdoC criteria holding promise as a means of
characterizing the diversity in ASD, it is important to rec-
ognize that it is still in its infancy. There are few studies
that have empirically examined the veracity of RdoC
with respect to ASD, with studies continuing to offer
refinements and additions to this framework
(e.g., Harrison et al., 2021; Tschida & Yerys, 2020).
Additionally, RdoC is not intended to fully replace cur-
rent diagnostic criteria, but provides a translational and
transdiagnostic approach to researching and understand-
ing mental health conditions, including ASD (Cuthbert &
Insel, 2013; Mandy, 2018). Nonetheless, this is a promis-
ing area of research in becoming inclusive of the diagnos-
tic variability in ASD.

Eye movement recordings

The majority of studies (N = 70) included indices of how
long participants directed their gaze toward aspects of a
visual scene (e.g., interest areas). While gaze duration to
specific interest areas is important to consider, it may not
necessarily reflect the use of social cues to guide the allo-
cation of gaze to regions of a social scene that are most
conducive to social understanding.

This is particularly the case in the context of goal
directed action, which has been described in the context
of the direct matching hypothesis—where visual features
of an observed action are mapped onto one’s own motor
system to facilitate action understanding (Rizzolatti
et al., 2001). However, this has been found to be depen-
dent on the use of predictive gaze—where gaze is allo-
cated to the goal of an observed motor action prior to the
completion of the observed motor action (Flanagan &
Johansson, 2003). This has also been noted to be consis-
tent with the mirror neuron system (MNS), a group of
frontoparietal neurons that fire during both action obser-
vation and execution (Iacoboni & Mazziotta, 2007) and
are believed to facilitate social understanding (Jeon &
Lee, 2018). There are, in turn, associated implications for
ASD, of which there has been notable debate regarding
the integrity of the MNS. An examination of predictive
rather than reactive gaze would further an understanding
of how social gaze is used, particularly with respect to
goal directed action, in ASD.

Methodological considerations

Many of the reviewed studies explored the relationship
between gaze and social functioning variables in an
exploratory manner (35 of the 95 studies cited the investi-
gation of the social functioning/autism symptom severity
association as a supplementary goal), often employing
small sample sizes, and in a cross-sectional manner.
Additionally, the group composition in which this rela-
tionship was examined differed across studies (e.g., ASD
only, ASD combined with neurotypical and/or other neu-
rodevelopmental disorder groups), which may alter the
strength of the relationship identified. This methodologi-
cal heterogeneity makes it difficult to draw firm conclu-
sions about the nature of the relationship between gaze
and autism symptom severity and more specifically,
whether any there are any distinct associations between
gaze and social functioning in ASD.

This was also supported by the results of the meta-
analysis and meta-regression. The meta-analysis revealed
a stronger effect size estimate for the face ROI compared
with the eyes ROI, with negligible results for the mouth.
This was consistent with Chita-Tegmark (2016a) who
found a larger effect size estimate for the face compared
with the eyes and mouth when examining differences in
gaze allocation to these regions between participants with
ASD and neurotypical controls. The greater strength in
the relationship observed for faces, however, might be
explained by the larger relative size of the face ROI,
which may offer a greater opportunity to capture gaze in
order to assess the relationship with social functioning/
autism symptom severity. Therefore, researchers seeking
to validly investigate the relationship and compare this
relationship dependent on ROI need to keep in mind
equivalence of ROI size, which may act as a confounding
variable. Additionally, the face ROI is comprised of both
the eyes and mouth, with optimal social functioning
dependent on being able to holistically integrate these
features (Vrancken et al., 2017). Global/local processing
difficulties are a longstanding feature of ASD (Happe &
Frith, 2006; Koldewyn et al., 2013; Van Eylen et al.,
2018), suggesting that future research should consider
simultaneously examining local (i.e., mouth, eyes) and
global (i.e., face) ROIs to shed further light as to the
nature of the gaze-social functioning/autism symptom
severity relationship.

Additionally, the results of the meta-regressions con-
ducted for the face and mouth ROIs tentatively suggest
that rater of the autism symptom severity measure may
moderate the magnitude of the meta-analysis effect esti-
mates. For the face ROI, a substantially more negative
correlation was observed in the teacher rating category
relative to clinician/researcher, whereas a significantly
more positive correlation was observed for parent/care-
giver, self, and teacher-rated measures relative to clini-
cian/researcher for the mouth ROI. Notably, there were
directional inconsistencies between region domains, which
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at face value, point to the hard to reason possibility that
rater perception (e.g., clinician/researcher, teacher) is con-
tingent on ROI domain. A factor which may underly
directional differences and limit interpretability of such
findings that requires acknowledgement, however, is that
meta regressions were conducted in a bivariate context.
Therefore, they do not control for other factors that may
confound the relationship if unbalanced across rater
levels. Furthermore, all individual effect estimates in the
teacher rating category were either from the same study/
studies with the same authors (and likely thus the same
teacher raters), in turn reducing generalizability. Overall,
these preliminary findings suggest that future research
should consider the rater of the measurement tool in ana-
lyses as a means of further elucidating the nature
(i.e., strength and magnitude) of the gaze-social function-
ing/autism symptom severity relationship.

The investigation of variables that are postulated to
contribute to this heterogeneity, including best measures
of gaze and social functioning (e.g., reactive vs. predictive
gaze), in addition to the paradigms and task parameters
employed that best capture the nature of this relationship
(e.g., basic vs. increasing social complexity, ROI size)
would strengthen our understanding of this relationship
in ASD. Moreover, large longitudinal studies would
additionally account for any heterogeneity and would be
able to track the developmental progression of this rela-
tionship. Such efforts are currently underway, with the
Autism Biomarkers Consortium for Clinical Trials
(McPartland et al., 2020) investigating potential bio-
markers for ASD (including eyetracking indices).

Recommendations for future studies

Based on the systematic review and quantitative analysis,
the following are recommended for future studies in
assessing the relationship between gaze and social func-
tioning in ASD:

• Given indications that social functioning is comprised
of specific domains (e.g., social cognition, social anxi-
ety), incorporating more than one measure of social
functioning targeting these domains would assist in fur-
ther profiling social functioning difficulties in ASD and
how they relate to social visual engagement.

• Examining the impact of participant characteristics
(including IQ, age, biological sex) on the gaze-social
functioning relationship in large samples of ASD groups.

• Including comparisons to non-ASD neurodevelopmental
disorders to further assist in the specific characterization
of deficits in ASD.

• Inclusion of multiple gaze indices (e.g., predictive
gaze, cued conditions, gaze similarity with neurotypical,
and other non-ASD neurodevelopmental disorders).

• Consideration of the stimuli used to assess the relation-
ship (e.g., complexity of social scenes) and employing

task parameters to ensure quality of measurement
(e.g., eyetracker points of calibration, size of ROI).
This would facilitate the development of protocols that
best capture the nature of the relationship between
gaze and social functioning.

CONCLUSION

Despite a recent increase in studies examining the rela-
tionship between gaze and social functioning in ASD,
ASD heterogeneity, a lack of research design consis-
tency, and the exploratory/underpowered nature of the
studies makes conclusions difficult to draw at this stage.
Findings suggest increased gaze toward the face/head
and eyes are generally associated with better social func-
tioning. Moreover, there is emerging evidence that the
gaze-social functioning/autism symptom severity rela-
tionship in ASD differs depending on individual clinical
characteristics (e.g., social motivation, cognitive ability).
Given the recent interest in the use of eyetracking mea-
sures as a potential biomarker of ASD, further explora-
tion of the associations between eyetracking and gaze
with social functioning/autism symptom severity will
be important. Coupled with appropriately powered
designs, this would allow for the development of early
interventions that would be best positioned to mitigate
the downstream effect of aberrant gaze processing
in disrupting social learning opportunities in those
with ASD.
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