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A B S T R A C T

Objective: Early intervention strategies are recommended for children with autism to improve cognitive and 
social communication skills. However, there is a persistent challenge to identify objective outcome measures of 
intervention efficacy. Eye-tracking (ET) is a safe and well-tolerated technology able to detect differences in visual 
attention through gaze behavior. This systematic review aims to identify, appraise and summarize the existing 
literature using ET to track response to early intervention in autism clinical trials.
Method: A comprehensive literature search was conducted in December 2024 in several bibliographic databases, 
including Medline ALL Ovid, Embase.com, APA PsycInfo Ovid, the Cochrane Library Wiley and PubMed Central. 
Additionally, we searched trial registries and we performed citation tracking strategies. We retained randomized 
controlled trials (RCTs) incorporating an ET outcome measure to evaluate the effect of direct, parent-mediated 
and pharmacological early interventions. Quality was assessed using Risk of Bias 2 and GRADE.
Results: Out of 1’726 reports screened, eleven articles from nine unique RCTs met inclusion criteria, with overall 
low-to-moderate risk of bias. Six out of the nine intervention approaches showed improvements in several indices 
of visual attention measured with different ET paradigms. We also identified 24 RCTs registered with an ET 
outcome measure yet without published results.
Conclusion: ET proved to be a clinically relevant measure sensitive to change in several interventional contexts. 
However, not all ET paradigms measured change over time reliably, compromising interpretability. Further 
research is needed to ensure that ET potentially becomes an accessible and accurate tool for widespread adoption 
in clinical practice.

1. Introduction

Autism is a common and heterogeneous neurodevelopmental con
dition characterized by persistent and significant atypicalities in social 
communication and interaction, as well as the presence of restricted, 
repetitive and sensory behaviors (American Psychiatric Association, 
2022). Recent epidemiological studies estimate that autism currently 
concerns approximately 78 million individuals worldwide (Lord et al., 
2022; Zeidan et al., 2022). A diagnosis of autism is based exclusively on 
combining direct behavioral and clinical observations of the individual 
with indirect measures, such as a comprehensive developmental and 
medical history (Risi et al., 2006). A stable diagnosis is typically 
established around 24 months of age, when trained clinicians can 

reliably differentiate the above set of core diagnostic features from other 
neurodevelopmental trajectories (Ozonoff et al., 2015). There is a broad 
consensus on current international guidelines to advocate for early 
screening and diagnosis of autism, with the aim of enabling timely 
intervention and parental support (NICE, 2021).

Early intervention approaches encompass parent-led and/or 
therapist-administered programs during childhood. Medication may 
also be indicated to manage certain symptoms associated with autism, 
such as severely disruptive behaviors, irritability and co-occurring 
comorbidities like anxiety, rather than autism core symptomatology 
(Accordino et al., 2016; Hirota and King, 2023). In young children, 
intervention strategies are introduced as early as possible in order to 
capitalize on heightened brain plasticity, although more empirical 
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evidence is warranted (Dawson, 2008). Several rigorous systematic re
views evaluating early intensive interventions for children with autism 
have shown moderate improvements in social communication compe
tences, language skills and joint attention, potentially fostering further 
development and the reduction of symptom severity (Crank et al., 2021; 
Sandbank et al., 2020; Zhuang et al., 2024). Nevertheless, response to 
early intervention is variable and assessing its efficacy remains chal
lenging due to the absence of appropriate tools (Kasari, 2002; Lord et al., 
2005). A suitable outcome measure for evaluating response to inter
vention needs to be feasible to implement, blindly administered, 
objectively measured, clinically relevant and sensitive to change. 
Existing instruments are neither optimally designed to measure change 
nor sufficiently sensitive to individual variability, making comparison 
between studies difficult and hindering the development of standardized 
recommendations (Grzadzinski et al., 2020).

The identification of a biomarker –defined as an objective charac
teristic that can indicate abnormal biological processes and/or responses 
to therapeutic intervention (Atkinson Jr et al., 2001)–, would represent 
a breakthrough in autism research, both for refining diagnosis and for 
evaluating intervention outcomes (Califf, 2018; McPartland, 2016). To 
date, no reliable (i.e., appropriate sensitivity and specificity) biomarker 
has yet emerged as an indicator of change that can be integrated into 
clinical practice (Javitt and McPartland, 2024; Jensen et al., 2022). 
Examples of proposed response biomarkers are based on technologies 
that can be used to identify physiologically relevant abnormalities 
associated with autism, such as genetic, metabolomic, neuroimaging, 
neurophysiological and neurobehavioral (e.g., eye-tracking) measures 
(Parellada et al., 2023; Walsh et al., 2011). The latest are receiving 
particular attention due to their potential to provide standardized, 
cost-effective and noninvasive treatment outcome evaluation 
(McPartland et al., 2020; Shic, 2016). Specifically, eye-tracking (ET) is a 
safe, affordable and well-tolerated technology that provides an easily 
detectable signature of early differences in visual attention by the 
quantification of low-level behaviors such as eye movements 
(Chita-Tegmark, 2016). Below we will review key evidence for the po
tential of ET to provide insights into cognitive and attentional aspects of 
information processing, as well as an objective outcome measure to 
evaluate early intervention programs for young children with autism.

1.1. Eye-tracking as a window into cognitive processing

The rationale for using ET to capture intervention effects is grounded 
in well-established theoretical frameworks. The eye-mind hypothesis 
(EMH) (Just and Carpenter, 1980) has been foundational for interpret
ing gaze behavior as an online marker of attention and information 
uptake as they unfold in real time. This principle posits that the eyes 
remain fixated on a stimulus for as long as it is being processed, thereby 
providing a temporally precise index of comprehension, attention and 
behavioral measures of cognition (Liversedge and Findlay, 2000). When 
the eyes pause on a given location (fixation), visual information is 
encoded. EMH therefore assumes that fixation duration is a valid mea
sure of the depth of cognitive processing. While influential and widely 
applied in ET studies, EMH is not absolute; alternative models highlight 
task-dependent modulation of eye–mind coupling (Rayner, 1998), such 
as parafoveal and peripheral processing in which covert attention (i.e., 
processing things not directly looked at) and task complexity could 
disrupt this direct relationship (Posner, 1980). These refinements 
highlight that the eye–mind relationship is probabilistic and 
task-dependent, but they do not undermine the core principle that ET 
provides a faithful window into cognitive processing, supporting its 
utility as a meaningful outcome measure.

ET also affords a rich set of parameters that offer converging, fine- 
grained insights into visual attention and information processing. A 
common approach is the study of eye fixations into pre-defined regions 
within a given stimulus, so-called areas of interest (AOIs), such as the 
eyes, the mouth, or a particular object in a scene (Holmqvist et al., 

2011). Within each AOI, dwell time quantifies the total gaze duration, 
providing an estimate of the share of attention allocated to that partic
ular area. Moreover, the number of discrete fixations (i.e., fixation count 
or rate) and its duration (i.e., the time that gaze remains still) within an 
AOI complements this information by indicating how thoroughly a re
gion was explored (Henderson and Hollingworth, 1998). These periods 
of stable gaze are punctuated by saccades –rapid shifts between 
fixations–, which reveal how attention is dynamically redistributed 
across a scene (Salvucci and Goldberg, 2000). Taken together, these 
measures underscore the versatility of ET as a sensitive and interpretable 
tool for evaluating changes in the underlying mechanisms of informa
tion processing (Hessels et al., 2024; Rahal and Fiedler, 2019).

1.2. Eye-tracking in autism research

From birth, eye contact plays a crucial role in human nonverbal 
communication and interaction, and has been the subject of extensive 
research across multiple disciplines (Jongerius et al., 2020). Typically 
developing (TD) infants normally exhibit very early in their develop
ment a visual preference towards social cues in their environment, such 
as eyes, faces and voices (i.e., social preference) (Jones and Klin, 2013). 
The ability to visually explore an environment and give preferential 
attention to social stimuli shapes infant development and underlies 
many forms of interrelated learning, particularly imitation and joint 
attention (Aslin, 2012; Frank et al., 2009). These prerequisites exert a 
considerable influence on the development of social and language skills, 
and they seem to be affected in young children with autism (Dawson 
et al., 1998). Notably, difficulties when orienting to social cues and 
sharing attention may trigger a cascading developmental effect leading 
to difficulties in social communication (Campbell et al., 2014; Gliga 
et al., 2015; Jones et al., 2008). One way to measure visual attentional 
patterns is using ET, which provides an objective gaze assessment to 
investigate atypical neurodevelopmental trajectories in children with 
autism (Frank et al., 2009). Several studies have provided substantial 
evidence of disparities in how autistic children process visual informa
tion compared to TD children. For example, Shic and colleagues re
ported that autistic children exhibited significantly less sustained 
attention (i.e., mean look duration) to faces during socially engaging 
contexts (Shic et al., 2023). Likewise, a robust meta-analysis showed an 
overall reduction of attention to social stimuli, particularly in scenes 
involving multiple people (Chita-Tegmark, 2016). Converging evidence 
further indicates that autistic children show atypical patterns of face 
scanning (i.e., the distribution of gaze across facial features), specifically 
reduced fixation rates to the eye region (Falck-Ytter et al., 2013; Frazier 
et al., 2017; Klin et al., 2002; Papagiannopoulou et al., 2014), as well as 
a heightened preference for nonsocial (e.g., geometrical) cues (Pierce 
et al., 2016). These differences also extend to attentional flexibility, that 
is, the capacity to alternate between stimuli. While TD infants typically 
become faster at disengaging their gaze from one stimulus to orient 
toward another, infants later diagnosed with autism show prolonged 
latencies and reduced developmental improvements over time. This has 
been demonstrated using the gap-overlap paradigm, in which a pe
ripheral target must be fixated while a central stimulus remains visible, 
revealing specific difficulties in attention disengagement (i.e., the ability 
to shift gaze away from a stimulus) (Elsabbagh et al., 2013).

Furthermore, the convergent validity of ET indices of social attention 
has been corroborated by their robust association with caregiver ratings 
on clinical measures assessing social communication (Murias et al., 
2018). Such findings have supported the use of ET to provide a potential 
diagnostic biomarker for autism (Chita-Tegmark, 2016; Papagianno
poulou et al., 2014). With its ability to capture subtle gaze and atten
tional patterns in young children (Shic et al., 2022), the utility of ET has 
expanded to become an early detection tool, in particular because 
distinctive patterns of eye movements already emerge in toddlers at risk 
of autism long before behavioral symptoms become apparent (Hou et al., 
2024a; Jones and Klin, 2013). Recently, machine-learning (ML) and 
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deep-learning models have garnered significant attention due to their 
high accuracy and efficiency when classifying individuals with and 
without autism based on their gaze patterns measured with ET (Alsharif 
et al., 2024; Asmetha Jeyarani and Senthilkumar, 2023; Kanhir
akadavath and Chandran, 2022). Such advancements pave the way to 
make early detection more accessible, particularly in primary care set
tings where traditional diagnostic resources may be limited.

The extensive study of ET as an early diagnostic and detection in
strument in autism finds no parallel in its use to provide a neuro
behavioral biomarker of response to intervention. There has been a 
remarkable increase in the number and quality of randomized controlled 
trials (RCTs) conducted to assess the efficacy of early intervention 
strategies in autism (Green and Garg, 2018). Nonetheless, ET has been 
scarcely incorporated to elucidate the neurobehavioral mechanisms that 
may circumvent clinically observed developmental changes 
(Anagnostou et al., 2015; Provenzani et al., 2020). Some 
proof-of-concept evidence has already shown that, with the appropriate 
choice of stimuli, ET could make a meaningful contribution to the array 
of outcome measures available to test psychosocial interventions in 
autism (Fletcher-Watson and Hampton, 2018). The use of ET as an 
outcome measure could therefore enhance our understanding of 
neural-to-behavior mechanisms underlying autism core symptoms. For 
instance, Green et al. (2015) conducted an RCT to evaluate the efficacy 
of a parent-mediated intervention (PMI) for infants at high risk of 
autism, incorporating ET as an outcome measure to assess changes in 
attention disengagement. This study exemplifies the type of design 
central to our review: rigorous early intervention trials in young autistic 
or high-risk children that employ ET to capture intervention-related 
changes. However, there has been a paucity of systematic reviews 
appraising the use of neurobehavioral outcome measures in autism 
clinical trials (McGlade et al., 2023). The aim of this systematic review is 
to examine the potential of ET to meaningfully capture the effectiveness 
of early interventions in young children with autism.

2. Method

The present systematic review has been elaborated following the 
guidelines and methodology of the Cochrane Handbook for Systematic 
Reviews of Interventions (Cochrane, 2024). The Preferred Reporting 
Items for Systematic reviews and Meta-Analyses (PRISMA) statement 
was used for the reporting of the findings (Page et al., 2021). The review 
protocol was registered in the Prospective Register of Systematic Re
views (PROSPERO, CRD42025642433).

2.1. Information sources and search strategy

A literature search was conducted in December 2024 in collaboration 
with a medical librarian (JRA). The following bibliographic databases 
were consulted: Medline ALL Ovid, Embase.com, APA PsycInfo Ovid, the 
Cochrane Database of Systematic Reviews Wiley and the Cochrane 
Central Register of Controlled Trials Wiley. Searches combined the 
overarching concepts of “Autism”, “Eye-Tracking” and “Children”. For 
each concept we searched for free-text keywords and controlled vo
cabulary terms (e.g., MeSH). An RCT filter was applied. To capture 
studies where “eye-tracking” and synonyms appeared only in the full 
text, we also searched PubMed Central. The searches were performed 
without language or date restrictions. Deduplication of references 
exported from the databases was performed by Deduklick (Borissov 
et al., 2022). A backward and forward citation search was conducted on 
the retained studies using ResearchRabbit (Sharma et al., 2022); results 
were then exported to Endnote 20 (Clarivate Analytics, USA), and only 
references containing the terms (randomised OR randomized OR 
randomly) in "all fields" of the record, or the term (Trial) in the "title" 
were screened. A search targeting conference proceedings from the last 
three years (2022–2025) was also carried out in Embase.com. Finally, 
trial registry records were searched in the following registers: Cochrane 

Central Register of Controlled Trials Wiley, ClinicalTrials.gov and ICTRP 
(WHO International Clinical Trials Registry Platform). All final strate
gies are documented in the Supplemental Material, detailing the search 
syntax, keywords, index terms and filters used.

2.2. Eligibility criteria

Our inclusion criteria were structured using the PICO framework. 
Population: we included RCTs published between 2005 and 2025 that 
assessed the efficacy of early interventional approaches on children with 
autism or with an increased familial risk, whose age range started below 
4 years and did not exceed 8 years of age. Intervention: we considered 
all early psychosocial and pharmacological interventions. We defined 
psychosocial interventions as “interpersonal or informational activities, 
techniques, or strategies that target biological, behavioral, cognitive, 
emotional, interpersonal, social, or environmental factors with the aim of 
reducing symptoms of these disorders and improving functioning or well- 
being” (England et al., 2015). Examples include naturalistic develop
mental behavioral interventions (e.g., Early Start Denver Model, ESDM), 
PMIs, or cognitive-behavioral strategies adapted for young children with 
autism. Pharmacological interventions referred to any study evaluating 
the administration of medication with the purpose of improving core or 
associated symptoms of autism. Interventional approaches that were 
outside these definitions were excluded. Comparison: Eligible com
parators included alternative interventions, treatment-as-usual (TAU), 
or control group. Outcome: at least one measure obtained with ET, 
either as a primary or secondary outcome, was required.

Exclusion criteria: Studies were excluded if they 1) did not include a 
psychosocial or pharmacological intervention as defined above (Cheuk 
et al., 2011); 2) targeted age groups outside the specified range (Alvares 
et al., 2019); 3) targeted population without or at no risk of autism 
(Fletcher-Watson and Hampton, 2018); 4) lacked ET-based outcome 
measures (Brian et al., 2017); 5) were not RCTs (e.g., single-case studies, 
observational studies, or quasi-experimental designs) (Dawson et al., 
2017; Latrèche et al., 2021); and 6) were not in English (Delrobaee et al., 
2020).

2.3. Study selection

The database searches revealed 1’726 potentially relevant citations 
(Fig. 1). The search results were uploaded to Rayyan (Ouzzani et al., 
2016) for the initial screening. The studies were independently screened 
by two authors (CP and BRH) based on title and abstract, resulting in 99 
studies for which the full text was obtained. Full texts were read to 
ascertain whether the pre-selected studies met full inclusion criteria. 
Reasons for exclusion were reached by consensus between reviewers 
and documented. Where consensus was not reached, a third reviewer 
(MPA) resolved the disagreement. The most frequent reasons for 
exclusion were: 1) Wrong population (e.g., studies including only ado
lescents or adults with autism (van Pelt et al., 2020), or participants 
without a confirmed diagnosis or familial risk for autism) (Peters et al., 
2021); 2) Wrong outcome (e.g., studies without an outcome measure 
obtained with ET) (Soriano et al., 2020); 3) Wrong study design (e.g., 
non-randomized, observational studies) (Murias et al., 2018; Vivanti 
et al., 2022); 4) Wrong publication type (e.g., reviews, commentaries) 
(Dawson et al., 2012; Hustyi et al., 2023). Additional citation tracking 
strategies and trial registries identified 382 supplementary reports. Two 
of these studies met full selection criteria, and we found 24 registered 
RCTs with ET unpublished data. Finally, 11 RCTs were retained.

2.4. Data extraction

Information extracted from each study included 1) general aspects of 
the RCT such as publication year, location and sample size; 2) de
mographic variables of the participants (age, sex, autism diagnosis); 3) 
type of intervention approach and comparator; 4) type of ET 
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experimental paradigm; 5) ET outcome measure; 6) statistical design 
and 7) main findings. Due to the large heterogeneity of the retained 
RCTs, not only with respect to the intervention strategy but also the ET 
outcomes, only an exploratory meta-analysis was performed. A synthesis 
of the extracted data was undertaken narratively according to Cochrane 
guidelines (Higgins et al., 2024).

2.5. Risk of bias and GRADE assessment

The risk of bias of the eleven RCTs included in this review was 
evaluated by three reviewers (CP, MPA and BRH), using version 2 of the 
Cochrane Risk-of-bias tool for randomized trials (RoB-2) (Sterne et al., 
2019). Each assessment was recorded within the Excel table provided by 
the RoB-2 tool with a brief rationale for each decision. The evaluation 
covered risk of bias arising from five key domains when considering the 
ET outcome measure of each study: i) randomization process, ii) devi
ation from the intended intervention, iii) missing outcome data, iv) 
measurement of outcomes, and v) selection of the reported results. The 
overall risk of bias was marked as high if any of these domains was rated 
as high, and it was marked as overall low if all domains were rated as 
low. In cases of uncertainty, the final determination was made through 
consensus among the three reviewers. Performance bias was overlooked 
on the basis that it was generally not possible to blind parents or trainers.

The certainty of evidence for each ET outcome measure was assessed 
using the GRADE (Grading of Recommendations, Assessment, Devel
opment, and Evaluations) approach (Balshem et al., 2011). We identi
fied the main ET-derived outcomes of interest (e.g., attention 
disengagement, mouth-to-eyes ratio, social preference, and total fixa
tion time to the eyes and to the mouth) and summarized the available 
evidence per outcome across the included studies. The certainty of the 
evidence could be labelled as either ‘high,’ ‘moderate,’ ‘low,’ or ‘very 
low.’ In line with GRADE methodology, RCTs were initially rated as 
high-certainty evidence. Certainty ratings were then downgraded based 
on concerns in five domains: risk of bias, inconsistency, indirectness, 
imprecision, and publication bias. Where applicable, ratings could also 
be upgraded (e.g., in cases of large effect sizes or dose–response 

gradients). For each outcome, a final certainty rating was assigned. 
Results were summarized in a GRADE “Summary of Findings” table, 
generated using GRADEpro GDT (GRADEpro, 2024).

2.6. Statistical analysis

Given the heterogeneity of ET metrics across studies, we conducted 
an exploratory meta-analysis restricted to outcomes reported by at least 
two RCTs, yielding the five abovementioned ET-derived measures. 
Standardized mean differences (SMD; Cohen’s d) were calculated for 
each study to allow comparison across different ET metrics, and effect 
estimates were oriented such that positive values indicated beneficial 
intervention effects. Considering the methodological diversities among 
included trials, pooled estimates were computed using a random-effects 
model with restricted maximum likelihood (REML) estimation, which 
provides an unbiased estimate of the between-study variance (τ²). Sta
tistical heterogeneity was assessed in outcomes with more than three 
contributing studies using the Higgins I² statistic (percentage of total 
variation attributable to heterogeneity), and H² (ratio of between-study 
variability) (Higgins and Thompson, 2002). Cochran’s Q statistic was 
also computed as an index of statistical heterogeneity. Where correla
tions between baseline and post-treatment values were unavailable, a 
conservative default of r = 0.5 was imputed (Chandler et al., 2019). For 
each pooled outcome, 95 % confidence intervals (CI) were generated, 
and forest plots were produced to visualize individual and summary 
effects. Overall, estimates were interpreted with caution given the 
limited precision and reliability of heterogeneity statistics under such 
conditions. All analyses were performed using R (v4.4.2) and the metafor 
package (Viechtbauer, 2010). Publication bias was explored through 
Egger’s test and visual inspection of funnel plots (Egger et al., 1997). 
Results were synthesized alongside GRADE certainty ratings to provide a 
combined evaluation of effect sizes and strength of evidence.

Fig. 1. PRISMA Flow Diagram (Page et al., 2021) illustrating study screening and selection process. Reasons for exclusion included wrong population (studies 
including children without autism, or only adolescents or adults with autism); wrong outcome (not obtained using ET); wrong study design (open-label trials, 
observational studies); wrong publication type (reviews, commentaries); protocol papers (without results); languages other than English and ongoing RCTs without 
published data. Examples of each exclusion are provided in the Methods section.
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3. Results

3.1. Study selection

The main characteristics of the eleven studies that met full inclusion 
criteria are summarized in Table 1. Despite the broadening of the search 
scope from 2005 to 2025, the eleven retained reports were all published 
within the last decade, thereby underscoring the contemporary rele
vance of the subject. Notably, only one RCT was not conducted in a 
Western country, with five of the studies being carried out in the United 

States. A higher proportion of young autistic boys compared to girls took 
part in all RCTs except for the three iBASIS-VIPP articles. The eleven 
published studies derived from nine unique RCTs, since the iBASIS-VIPP 
RCT featured two additional follow-up articles with the same partici
pants, one at a later timepoint and another reporting an alternative ET 
outcome measure of social attention. The age of the participants ranged 
from 7 months to 8 years, with a mean age at inclusion in the study that 
varied from 22 to 68 months of age. The three iBASIS-VIPP studies were 
conducted with infants with an elevated familial likelihood for autism, 
whereas older children who had already received a diagnosis 

Table 1 
Overview of included studies.

Author, 
Year

Population Age Intervention & 
Comparator

ET paradigm ET measure Statistical design Main Results

Green et al., 
(2015)

High risk of 
autism N = 54 
(29 M, 25 F)

7–10 
months

iBASIS-VIPP 
vs 
No Intervention

Gap-Overlap Attention 
disengagement: 
saccadic reaction time

Regression analysis 
adjusted for 
baseline variables

Faster disengagement in the Gap- 
overlap task (d= 0⋅48, p = 0.077). 
Favours iBASIS-VIPP

Green et al., 
(2017)

High risk of 
autism N = 54 
(29 M, 25 F)

7–10 
months

iBASIS-VIPP 
vs 
No Intervention

Gap-Overlap Attention 
disengagement: 
saccadic reaction time

Estimates from 
repeated measures 
within correlated 
regressions

No difference between groups at 27 
months follow-up. 
Missing data at 39 months

Bedford 
et al., 
(2024)

High risk of 
autism N = 54 
(29 M, 25 F)

7–10 
months

iBASIS-VIPP 
vs 
No Intervention

Gaze following task Social attention: 
proportion of dwell 
time to the referent

Regressions 
standardized beta 
estimates 
and SEs

Reduced dwell time to referred 
object (β = 0.32, p = 0.03) at 15- 
month treatment endpoint. 
Favours No intervention

Bradshaw 
et al., 
(2019)

ASD 
N = 28 (24 M, 
4 F) 
TD 
N = 23 (14 M, 
9 F)

18–48 
months

PRISM 
vs 
TAU

Face scanning; 
social preference

Mouth-to-Eyes ratio; 
social vs geometric

ANCOVA No significant differences in ET 
changes between the PRISM and 
TAU groups. Favours TAU

Wang et al., 
(2020)

ASD 
N = 35 (31 M, 
4 F) 
TD 
N = 41 (19 M, 
22 F)

34 
months

GCET 
vs 
No Cue condition

Social looking Attention to faces: % 
of face fixations

Linear mixed model Increased fixation duration on faces 
in Cue Condition (p = 0.015). 
Favours intervention

Gepner 
et al., 
(2022)

ASD 
N = 23 (20 M, 
3 F)

3–8 
years

Slowed 
Audiovisual input 
vs 
Standard speech 
therapy

Face scanning Total fixation time on 
AOIs (mouth, eyes, 
face, outside the face)

Linear mixed model Increase in total fixation time on the 
mouth (p = 0.008) and eyes 
(p < 0.001). 
Favours intervention

Potter et al., 
(2019)

ASD 
N = 58 (46 M, 
12 F)

2–6 
years

Sertraline 
vs 
Placebo

Passive viewing 
eye-tracking 
(PVET)

Proportions of fixation 
duration to the target 
and distractor word

ANCOVA No main effect of treatment group 
(p = 0.94), no main effect of time 
point (p = 0.79), and no interaction 
(p = 0.73). 
Favours placebo

Dawson 
et al., 
(2020)

ASD 
N = 180 
(143 M, 37 F)

2–7 
years

Cord Blood 
Infusion 
vs 
Placebo

Social preference 
and sustained 
attention

Time spent looking at 
actress vs toys and 
average look duration

ANCOVA Greater odds of gazing at the toys 6 
months after treatment (OR=1.43): 
no effect of treatment on social 
preference. 
Favours placebo

Le et al., 
(2022)

ASD 
N = 41 (38 M, 
3 F)

3–8 
years

Intranasal 
Oxytocin + social 
interaction 
vs 
Placebo

Social preference 
(GeoPref test)

Time spent viewing 
AOIs of emotional 
faces

ANCOVA More time spent viewing social 
stimuli (p = 0.03); increased time 
viewing eyes of angry, happy and 
neutral faces (p < 0.03); decreased 
for fearful faces (p = 0.02). Favours 
intervention

Haworth 
et al. 
(2018)

ASD 
N = 18 
(12 M,6 F)

24–42 
months

Classroom-Based 
Intervention 
+ caregiver 
training 
vs 
Caregiver training 
only

Gaze to the actor’s 
face and 
anticipatory gaze 
to the goal location

Action anticipation, 
goal extraction, and 
AOI look duration

Paired T-test 
ANOVA

No change in action anticipation 
after intervention (p = 0.517). 
Significant decrease in goal 
extraction in the intervention group 
(p = 0.01). Increase in the ratio of 
AOI look to the face (p = 0.016). 
Favours intervention

Bast et al. 
(2025)

ASD 
N = 60 
(50 M,10 F) 
TD 
N = 52 
(36 M,16 F)

24–66 
months

A-FFIP 
vs 
EIAU

Reactive joint 
attention (RJA)

RJA Likelihood (%) 
RJA duration

Linear mixed model Increase in RJA likelihood at end-of- 
intervention (OR=1.52) and follow- 
up (OR=2.38) 
Favours intervention

M= male, F= female, ASD= autism spectrum disorder, GCET=Gaze-contingent eye-tracking training, iBASIS-VIPP= adapted Video Interaction to Promote Positive 
Parenting, PRISM = Pivotal Response Treatment for Social Motivation, TAU= treatment as usual, AOIs= areas of interest, A-FFIP = Frankfurt Early Intervention 
Program for ASD, EIAU: early intervention as usual
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participated in the remaining studies. Three of the studies also included 
a group of TD children (Bast et al., 2025; Bradshaw et al., 2019; Wang 
et al., 2020). Three different types of early intervention strategies were 
trialed: interventions directly delivered to the child such as behavioral 
therapist-mediated programs and other nonpharmacological approaches 
(5/11), PMIs (3/11) and pharmacological interventions (3/11). Several 
ET paradigms were included as primary or secondary outcome 

measures. Eight studies reported on ET outcomes assessing social do
mains, such as attention to faces, face scanning, social preference and 
sustained attention, amongst others. The remaining three studies re
ported on nonsocial ET outcomes such as attention disengagement or 
passive viewing to measure receptive language.

Fig. 2. Risk of bias summary of the included RCTs. The figure presents the evaluation of the risk of bias using the Cochrane Risk of Bias 2 (RoB-2) tool. Each domain 
is categorized as low risk, some concerns, or high risk of bias. The overall risk of bias is determined based on these domains.
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3.2. Risk of bias assessment

Critical appraisal of the eleven studies is presented in Fig. 2. Two 
studies were judged as having an overall high risk of bias (Bradshaw 
et al., 2019; Haworth et al., 2018), specifically due to serious concerns 
with allocation concealment, differences at baseline that could impact 
the outcome measure, and no explicit mention of an intention-to-treat 
methodology. Six studies showed a moderate risk of bias, with five of 
them presenting some concerns relative to the randomization procedure, 
such as unclear allocation concealment (Gepner et al., 2022; Potter 
et al., 2019; Wang et al., 2020), baseline differences between the 
intervention groups (Dawson et al., 2020), or the lack of a baseline 
assessment of the ET outcome measure (Bedford et al., 2024). Only one 
of these six RCTs was judged to have potential deviations from the 
intended intervention (Gepner et al., 2022). Significant missing data was 
reported in the 27-month follow-up of the iBASIS-VIPP study, with up to 
26 % (14/54) of participants lacking ET measures, and no data pre
sented for the 39-month timepoint (Green et al., 2017). Similarly, the 
RCT evaluating the efficacy of sertraline could only report ET data from 
14/58 participants (7 per group) (Potter et al., 2019). However, none of 
the eleven studies presented concerns regarding the measurement of the 
ET outcome measure. Two of the six studies with moderate risk of bias 
presented low concerns concerning selective reporting, as there was a 
prespecified analysis plan (Dawson et al., 2020; Green et al., 2017). The 
four remaining reports, together with one of the studies judged as having 
an overall high risk of bias, did not provide a pre-specified analysis for 
the ET outcome. Lastly, three studies (Bast et al., 2025; Green et al., 
2015; Le et al., 2022) were categorized with low risk of bias across all 
achievable domains of the RoB-2 tool. All eleven reports stated that the 
funding institutions did not influence study methodology, data analysis 
or results reporting.

3.3. Results summary

In the following subsections, we provide an integrative summary of 
the effects reported on the ET outcome measures of the eleven retained 
studies. The main characteristics and findings for each report are high
lighted according to the type of intervention delivered (PMIs, direct, and 
pharmacological).

Parent-mediated interventions(PMIs). Three interrelated studies 
were conducted to examine the impact of iBASIS-VIPP, a PMI designed 
to improve social communication in infants at elevated familial risk for 
autism. Across these studies, ET outcome measures revealed mixed 
findings. The primary study (Green et al., 2015) incorporated an ET 
outcome to explore changes in attention disengagement, by evaluating 
how quickly infants shifted attention to a peripheral target using the 
gap-overlap paradigm (Elsabbagh et al., 2013). Infants at risk of autism 
receiving the intervention showed marginally faster disengagement 
times compared to those undergoing no PMI. The authors suggest that 
promoting caregiver-infant social interaction enhanced nonsocial 
attentional flexibility. The anticipated moderate-sized positive effect, 
with an average decrease of 50 ms in attention disengagement, was very 
close to statistical significance. Nevertheless, a later follow-up assess
ment (Green et al., 2017) at 27 and 39 months to ascertain long-term 
consolidation effects of the intervention reported a lower difference 
compared to baseline, and no significant difference between groups. The 
absence of ET data at 39 months restricts the possibility of drawing any 
definitive conclusion about potential consolidated effects on nonsocial 
attentional flexibility over time. A third study shifted focus to dwell time 
on objects referenced by an adult (Bedford et al., 2024). Counterintui
tively, infants in the iBASIS-VIPP group displayed significantly reduced 
dwell times compared with the control group. The authors claim that 
this reduction may reflect efficient attention allocation, potentially 
allowing for faster engagement and disengagement with social cues. The 
interpretation of these results is called into question given conventional 
associations between prolonged fixation and superior joint attention. 

Taken together, these findings suggest that PMIs may influence atten
tional mechanisms of infants at elevated risk for autism, particularly 
disengagement, indicating a potential to shape early developmental 
trajectories. However, methodological differences (e.g., paradigms used, 
timing of assessments, analytic choices) likely makes evidence incon
sistent and difficult to reconcile across studies. More broadly, the studies 
illustrate both the promise and the current limitations of ET in capturing 
subtle intervention-related changes in early attentional patterns.

Direct interventions. Five RCTs used ET as an outcome to measure 
the impact of early interventions directly delivered on young autistic 
children. Results were heterogeneous across paradigms. A pilot RCT 
evaluating the Pivotal Response Treatment for Social Motivation 
(PRISM) compared to TAU found no group differences in social prefer
ence or mouth-to-eye ratio. However, the study replicated lower pref
erence for social stimuli in autistic children compared to TD participants 
(Pierce et al., 2011), reinforcing social preference as a potential diag
nostic biomarker but suggesting it may lack sensitivity to detect 
intervention-related changes. By contrast, another RCT examining the 
effects of slowed audiovisual input compared to standard speech therapy 
reported a higher rate of face fixations in both groups, with a selective 
increase in mouth fixations among children receiving 12 months of 
slowness intervention program (Gepner et al., 2022). These findings 
support the view that deliberate deceleration of audiovisual stimuli can 
enhance the exploration of facial communicative features in autistic 
children. A third RCT tested the feasibility and efficacy of a 
gaze-contingent ET training (GCET) as both an intervention and an 
outcome tool for improving attention to faces (Wang et al., 2020). At 
post-training, children receiving GCET showed increased fixation rates 
and durations on faces, suggesting that adaptive gaze training can 
effectively counteract the natural decline in face-directed attention 
typically observed in autistic children. Other interventions yielded 
complementary evidence. An RCT showed that a 5-month 
classroom-based social program combined with caregiver training 
improved children’s attention to faces during dynamic action under
standing tasks relative to caregiver training alone, suggesting that 
structured group-based interventions can enhance social cue processing 
(Haworth et al., 2018). However, this conclusion is hampered by the 
small sample size and high rates of missing ET data. More recently, Bast 
et al. (2025) investigated the effect of the Frankfurt Early Intervention 
Programme for ASD (A-FFIP) on the development of reactive joint 
attention (RJA) in autistic preschoolers, using an ET paradigm combined 
with pupillometry to assess gaze following and arousal regulation. Re
sults showed that A-FFIP increased RJA likelihood (proportion of 
response) with effects persisting for up to two years post-intervention, 
and cascading into improved social responsiveness, partly mediated by 
arousal regulation. Collectively, these trials indicate that direct in
terventions may shape visual attention in autism, though effects are 
inconsistent and context-dependent. Paradigm choice appears critical: 
while tasks assessing spontaneous social preference showed limited 
sensitivity to change, interventions that manipulated stimulus proper
ties (Gepner et al., 2022) or embed social cues in naturalistic contexts 
(Haworth et al., 2018; Bast et al., 2025) seem more promising. Never
theless, methodological constraints—particularly small effective sample 
sizes, heterogeneous designs, and lack of long-term follow-up limit 
interpretation. These studies therefore underscore both the potential of 
direct interventions to influence visual attentional patterns and the need 
for more robust, ecologically valid research to confirm whether such 
gains generalize beyond the laboratory.

Pharmacological interventions. Three RCTs incorporated ET 
outcome measures to determine the efficacy of pharmacological in
terventions in young children with autism. A double-blind, crossover 
study evaluated the effect of intranasal oxytocin administration paired 
with positive social interaction on social attention and autism-related 
symptomatology (Le et al., 2022). Intranasal oxytocin significantly 
increased fixation duration on social versus geometric stimuli compared 
to placebo, and selectively enhanced attention to the eyes of angry, 
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happy, and neutral faces, while reducing attention to fearful faces. These 
results suggest that oxytocin may modulate social attention in an 
emotion-specific manner, potentially enhancing social engagement of 
children with autism. By contrast, a phase II double-blind, placebo-
controlled trial testing the efficacy of umbilical cord blood (CB) in
fusions in 180 preschool children with autism reported no overall 
treatment effects on ET-derived social attention during a dyadic bid task 
(Dawson et al., 2020). Unexpectedly, participants spent more time 
looking at toys during the dyadic bid after intervention. Subgroup an
alyses suggested improved sustained attention to complex social stimuli 
in CB-treated children without intellectual disability. Finally, a third 
trial investigated the effects of sertraline, a selective serotonin reuptake 
inhibitor, on language development and social behavior in 58 young 
children with autism (Potter et al., 2019). Using a passive-viewing 
eye-tracking (PVET) paradigm designed to measure receptive vocabu
lary processing, fixation duration on the correct picture was recorded as 
a measure of word recognition ability. The study found no intervention 
effects on fixation patterns, although usable ET data were available for 
only 14 (7 vs. 7) children, severely limiting interpretability. These re
sults were consistent with previous evidence that sertraline did not 
significantly improve receptive language or social behavior (Williams 
et al., 2010). These trials highlight that no pharmacological approach 
can yet be considered broadly effective. Oxytocin shows the most 

consistent promise, though with nuanced effects. In contrast, umbilical 
CB infusion yielded null findings aside from exploratory subgroup ef
fects, while sertraline showed no evidence of improvement in receptive 
language or social behavior, further constrained by very limited 
analyzable data. Overall, these findings suggest that pharmacological 
approaches may differentially influence ET outcomes depending on 
their proximity to social-attentional mechanisms. Methodological con
straints—including small effective sample sizes, reliance on diverse ET 
paradigms, and exploratory subgroup analyses—limit firm conclusions 
and underscore as well the need to better identify individual response 
profiles before the interventions can be widely recommended.

3.4. Exploratory meta-analysis and certainty of evidence

An exploratory meta-analysis was conducted for the subset of studies 
that reported sufficiently comparable ET outcomes (Fig. 3). Although 
based on a small number of studies, the pooled estimate of two RCTs 
(n = 101) showed a moderate intervention effect (SMD = 0.42, 95 % CI 
[0.02, 0.82]) on attention disengagement, suggesting that early in
terventions might enhance the ability to shift attention away and in
crease attentional flexibility, enabling more efficient allocation of visual 
attention. Evidence for fixation-based measures was less consistent. For 
total fixation time (TFT) to the eyes, pooled results from two RCTs 

Fig. 3. Exploratory meta-analysis of early intervention effects on ET outcome measures in young children with or at risk of autism. Forest plots display standardized 
mean differences (SMD) with 95 % confidence intervals (CI) for five ET outcomes: attention disengagement, mouth-to-eyes ratio, social preference, total fixation time 
(TFT) to the eyes and to the mouth. Pooled estimates were calculated using random-effects models with restricted maximum likelihood (REML). The blue diamond 
represents the overall summary effect size for each outcome. Individual study effect sizes are shown as squares, and their color denotes risk of bias (green = low, 
yellow = moderate, red = high). Heterogeneity statistics (τ², I², H², and Cochran’s Q with p-value) are reported where applicable. Weight of each study was computed 
per ET outcome using 1/(vi+ τ²), in which vi is the sampling variance of the effect size. Positive SMD values indicate a beneficial effect of intervention.
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(n = 62) suggested a small positive effect (SMD = 0.29, 95 % CI [-0.02, 
0.59]), whereas TFT to the mouth (two RCTs, n = 62) and mouth-to- 
eyes ratio (three RCTs, n = 85) showed no differences between inter
vention and control groups (SMD = 0.15, 95 % CI [-0.14, 0.45] and SMD 
= 0.11, 95 % CI [-0.27, 0.49], respectively). For social preference, based 
on five RCTs (n = 323), the pooled estimate indicated no consistent 
effect (SMD = 0.02, 95 % CI [-0.57, 0.62]), with substantial heteroge
neity (I² = 85.4 %). Given the heterogeneity of intervention strategies 
and the low number of studies, these results should be interpreted with 
caution but provide a preliminary quantitative complement to the 
narrative synthesis.

The GRADE assessment (Table 2) showed that certainty of the evi
dence was consistently limited. Certainty of evidence for attentional 
disengagement was rated low due to imprecision and limited number of 
trials. All other outcomes were rated very low certainty, reflecting 
methodological shortcomings, inconsistency across studies, and wide 
confidence intervals that spanned both null and clinically meaningful 
effects. These ratings indicate that further research is very likely to in
fluence current effect estimates.

3.5. Registered RCTs

We identified 24 additional registered RCTs evaluating early inter
vention programs in young children with autism that mentioned the use 
of an ET outcome measure (Table 3). Of these, 11 RCTs showed a status 
of completed/terminated, in which ET assessments were undertaken yet 
not reported in the results, remaining thus unpublished. The status of 
two of these studies is “unknown”, and another RCT (NCT05413187) 
was discontinued due to the Covid-19 pandemic. The authors of one of 
the completed RCTs published a protocol for integrated standardized 
autism screening, ESDM intervention and long-term outcomes (McClure 
et al., 2021). The remaining thirteen registered RCTs are labelled as 
“ongoing”, and two of them have their respective protocol published: 
the first protocol article outlines a study evaluating the efficacy of 
ENACT (ENvironmental enrichment for infants parenting with Accep
tance and Commitment Therapy) (Whittingham et al., 2020), while the 
second published protocol describes an ongoing RCT conducted by our 
research team to evaluate the efficacy of E-Coaching, a remotely 

delivered PMI (Peter et al., 2025). The targeted population in the 
registered RCTs were infants at high risk of autism in 25 % (6/24) of the 
studies, whereas older children with autism were recruited in the 
remaining 18 RCTs. Six studies assessed the efficacy of PMIs, six RCTs 
evaluated therapist-delivered interventions, and four additional studies 
examined the efficacy of pharmacological interventions. Six RCTs 
involved combined intervention approaches (e.g., direct plus PMI, or 
PMI plus oxytocin). Finally, two personalized intervention strategies 
were explored in the two remaining RCTs, evaluating the effects of 
precise neuromodulation (ChiCTR-INR-17012854) and neuro
stimulation (ChiCTR2200061683) procedures. With respect to the ET 
outcome, 42 % (10/24) of registered RCTs used social attention tasks, 
whilst 17 % (4/24) employed nonsocial attention disengagement, and 
4 % (1/24) measured visual preferences. The remaining RCTs employed 
other ET paradigms (e.g., predictive gaze) or no details were provided.

4. Discussion

The aim of this systematic review was to identify, appraise and 
summarize the existing empirical evidence on the use of ET as an 
outcome measure in RCTs assessing the efficacy of early pharmacolog
ical and psychosocial interventions in young children with autism. We 
identified eleven reports all published after 2015, highlighting the 
timeliness of this review. We found an overall low-to-moderate risk of 
bias in most of the selected studies using the Cochrane RoB-2 tool. The 
assessment of visual attentional patterns encompassed a wide range of 
ET systems and paradigms. Collectively, a part of the literature reviewed 
here provides reliable indices of enhanced social and nonsocial atten
tion, ultimately associated with broader developmental gains. While our 
systematic search also revealed notable research gaps, ET proved to be a 
clinically relevant and change-sensitive tool to demonstrate the effec
tiveness of early intervention programs in several contexts. Exploratory 
findings from the meta-analysis suggest a potential intervention benefit 
for attention disengagement, whereas results for other outcomes remain 
inconclusive. The overall certainty of evidence was rated low to very 
low, primarily due to the small number of available studies, which 
limited precision and increased susceptibility to bias and inconsistency. 
Despite these limitations, these findings underscore ET’s potential as a 

Table 2 
GRADE Summary of findings for ET outcomes. Patient or population: Young children at risk of or diagnosed with autism. Intervention: early intervention programs. 
Comparison: treatment as usual (TAU)/placebo.

Outcome Anticipated absolute 
effects* 
SMD [95 % CI]

Number of 
participants 
(studies)

τ2/ 
I²(%)/ 
H²

RoB (Low/ 
Mod/High)

Certainty of 
Evidence

Comments

Risk 
for 
TAU

Risk for 
intervention

Attention 
disengagement

- 0.42 [0.02, 
0.82]

101 (2 RCTs) 0/0/1 1/1/0 ⊕⊕○○ 

Lowb,d
May improved attention disengagement but confidence 
in the effect estimate is still limited: the true effect may 
be substantially different

Mouth-to-eyes 
ratio

- 0.11 [-0.27, 
0.49]

85 (3 RCTs) 0/0/1 1/1/1 ⊕○○○ 

Very low a,b,e
Very little confidence in the effect estimate due to risk 
of bias, inconsistency and lack of precision

Social preference - 0.02 [-0.57, 
0.62]

323 (5 RCTs) 0.36/ 
85.4/6.8

1/3/1 ⊕○○○ 

Very low a,c,e
Very little confidence in the effect estimate due to risk 
of bias, serious inconsistency and lack of precision

TFT to the eyes - 0.29 [-0.02, 
0.59]

62 (2 RCTs) 0/0/1 1/1/0 ⊕○○○ 

Very low b,d,e
There may be little or no difference due to inconsistency 
and lack of precision

TFT to the mouth - 0.15 [− 0.14, 
0.45]

62 (2 RCTs) 0/0/1 1/1/0 ⊕○○○ 

Very low b,d,e
Very little confidence in the effect estimate due to 
inconsistency and lack of precision

Abbreviations: SMD= Standardized mean difference, CI= Confidence Interval, τ2= estimated variance of the true effect size across studies, I2= % of total variation 
that is due to heterogeneity, H2

=Between-study heterogeneity, RoB= Risk of Bias, TAU= treatment as usual, TFT= total fixation time.
Note: *The risk in the intervention group (and its 95 % confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 
intervention.

a High Risk of Bias present
b Inconsistency (k ≤ 3; heterogeneity not reliably assessable)
c Serious inconsistency for I² ≥75 % or τ ≥0.30
d Imprecision (k ≤ 2)
e Imprecision (95 % CI spans values including no effect and clinically meaningful effects)
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Table 3 
Registered completed and ongoing studies.

Author, Year 
(start)

Code Population Age Intervention & Comparator ET Outcome Measure Current 
status (date)

Completed or discontinued RCTs
Hardan AY, et al. 

(2013)
NCT02037022 ASD, N = 48 2–5 

years
PRT 
vs 
No intervention

Social attention; word-learning Completed 
(2017)

Caetano S, et al. 
(2014)

NCT02235467 ASD, N = 67 3–7 
years

ABA parent training 
vs 
No Intervention

Latency, duration, and sequence of 
visual fixations

Completed 
(2014)

Frazier TW., et al. 
(2014)

NCT02202421 ASD, N = 21 24–71 
months

T-ABA Parent Group 
+ Individual Therapy 
vs 
T-ABA Parent Training Only

Social attention Terminated 
(2017)

Gengoux G, et al. 
(2017)

NCT03177525 ASD, N = 22 4–6 
years

Social SUCCESS 
vs 
Waiting list

Social attention, not specified Completed 
(2021)

Brian J, et al. 
(2017)

NCT03215394 Suspected ASD, 
N = 150

12–30 
months

Enhanced Social ABCs vs 
Standard Social ABCs vs 
TAU

Attention disengagement Completed 
(2020)

Geoffray, MM, 
et al. (2017)

NCT03254264 NI 15–36 
months

ESDM 
vs 
TAU

Social preference, attention 
disengagement, time on predictable 
stimuli

Terminated 
(2022)

Tager-Flusberg 
HB, et al. (2018)

NCT03427138 ASD/suspected 
ASD, N = 100,

18–59 
months

JASPER 
vs 
Parent Education

Predictive gaze Unknown

Lense M, et al. 
(2018)

NCT03560297 With or without 
ASD, N = 70

20–72 
months

SeRenade Program 
vs 
Waiting list

Social attention Completed 
(2020)

Bar-Lev Schleider, 
L, et al. (2019)

NCT05413187 N = 0 2–8 
years

Medical Grade Cannabis oil 
vs 
Placebo

Social attention Withdrawn

Sijia Gu, et al. 
(2020)

NCT04319640 ASD, N = 160 24–59 
months

CBT for insomnia 
vs 
Psychoeducation

Synchronized ET Unknown

McClure et al. 
(2021)

https://doi.org/10.1186/s1 
3063–021–05286–6

Children, 
N = 2087

16–58 
months

Enhanced early detection 
+ESDM 
vs 
TAU

Social orienting, social cognition, 
social motivation

Completed 
(2024) 
Published 
protocol

Ongoing RCTs
Gustella A, et al. 

(2018)
ACTRN12618001029280 ASD, N = 132 3–5 

years
P-ESDM + oxytocin 
vs 
P-ESDM

Social attention Recruiting

Qiu J, et al. (2017) ChiCTR-INR-17012854 ASD, N = 40 2–6 
years

TDCS 
vs 
Pseudo TDCS

NI Recruiting

Whittingham K, 
et al. (2020)

https://doi.org/10.1136/bm 
jopen− 2019–034315

High risk of 
ASD, N = 66

0–12 
months

ENACT 
vs 
TAU

Attention disengagement Ongoing 
Published 
protocol

Rongfang Hu, 
et al. (2020)

ChiCTR2000028896 ASD, N = 140 3–7 
years

Sandplay vs Creative Handicraft 
and Painting vs Dance Movement 
Therapy vs Control

NI Recruiting

Duan X, et al. 
(2022)

ChiCTR2200061683 ASD, N = 100 2–8 
years

Personalized precision stimulate 
target located by MRI data vs 
Traditional Target Group

NI Recruiting

Sun J, et al. 
(2022)

ChiCTR2200066545 ASD, N = 120 2–7 
years

Oral of Lactobacillus plantarum 
PS128 
vs 
Placebo

Arrival time of the first gaze; 
duration of the first fixation point

Recruiting

Roeyers H, et al. 
(2022)

NCT05208411 High risk of 
ASD, N = 80

9–18 
months

ImPACT 
vs 
No intervention

Attention disengagement Recruiting

Sun J., et al. 
(2023)

ChiCTR2300070783 ASD, N = 90 2–6 
years

High dose L. reuteri CICC6132 
vs 
Low-dose vs rehabilitation 
training

NI Recruiting

Liu G., et al. 
(2023)

ChiCTR2300068699 ASD, N = 100 3–7 
years

Expressive Art Therapy 
vs 
Control

NI Not yet 
recruiting

Lense M., et al. 
(2023)

NCT05880225 ASD, N = 40 18–36 
months

meRIT 
vs 
RIT

Trajectories of rhythmically 
entrained eye-looking to predictable 
and unpredictable child-directed 
singing

Recruiting

Kendrick K., et al. 
(2024)

ChiCTR2400090166 ASD, N = 180 2–6 
years

Oxytocin low dose vs medium 
dose 
vs high dose vs placebo

Social attention Recruiting

(continued on next page)
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valuable outcome measure and underscore the need for larger, meth
odologically rigorous trials with harmonized ET paradigms.

ET is a blindly assessed objective measure that provides millisecond- 
level insights into how visual attentional patterns fluctuate. The use of 
ET in infant populations has demonstrated its accessibility and feasible 
implementation even with non-verbal populations and/or those with 
limited compliance (Perkovich et al., 2024; Tager-Flusberg et al., 2017). 
A suitable ET outcome requires as well to be sensitive to fine changes 
over time and able to detect clinically meaningful differences, which has 
proven difficult to achieve. Our review provides preliminary support for 
the potential of ET to meet several of the above criteria. In particular, the 
increase of attention disengagement in early childhood represents a 
reliable early indicator for a subsequent diagnosis of autism (Hou et al., 
2024b; Sacrey et al., 2013). As such, the subtle yet solid enhancement of 
nonsocial attentional flexibility following iBASIS-VIPP intervention 
(Green et al., 2015) stands out for its potential cross-domain impact on 
social communication competences (Elsabbagh et al., 2011). Changes in 
attentional flexibility following the iBASIS-VIPP might thus enable more 
efficient allocation of visual attention, a pivotal skill for social in
teractions and the development of joint attention. Nevertheless, 
demonstrating sensitivity to change over longer time spans to validate 
sustained intervention effects has proven more challenging. In this 
respect, Bast et al. (2025) reports consolidated, persisting changes in 
joint attention beyond the immediate intervention period. The dura
bility of these effects—extending up to two years post-
intervention—distinguishes this study from other trials, which have 
rather shown short-term or context-specific improvements. This sug
gests that sustained modification of attentional processes in autism may 
be achievable, though evidence remains preliminary and requires 
replication. In pharmacological interventions, increased visual attention 
to dynamic social stimuli and to the eyes of emotional faces following 
oxytocin administration was further supported by a significant reduc
tion in social communication deficits (Le et al., 2022). Globally, the 
three abovementioned examples stem from solid studies with a low risk 
of methodological bias, confirming the ability of ET to capture clinically 
meaningful intervention effects and thereby strengthening its clinical 
pertinence. ET was also sensitive enough to ascertain changes associated 
with nonpharmacological intervention strategies delivered directly to 
the child, such as increased fixation on faces following a gaze-contingent 
training (Wang et al., 2020), and longer times looking at the mouth after 
a slowness intervention program (Gepner et al., 2022).

In other studies, however, ET outcomes showed unexpected results 
against the pre-specified hypotheses, such as the reduced dwell time 
after iBASIS-VIPP intervention (Bedford et al., 2024), indicating that ET 
could still potentially detect changes that are not specifically driven by 
the effect of the intervention. Importantly, several of the selected studies 
with inconsistent or unexpected results presented methodological 
shortcomings, such as bias arising from the randomization process, se
lective reporting of outcomes, deviations from intended interventions 
and missing outcome data. To illustrate, three studies targeting social 

preference presented counterintuitive intervention effects (Bedford 
et al., 2024; Bradshaw et al., 2019; Dawson et al., 2020). All exhibited 
deficiencies in the randomization process, and two were further limited 
by selective outcome reporting. Such risks of bias not only compromise 
internal validity but also undermine confidence in whether observed 
effects reflect genuine intervention impact or methodological artifacts 
(Chandler et al., 2019). Within the context of this review, these limita
tions might artificially inflate or mask associations, leading to incon
sistent conclusions about ET’s reliability and sensitivity as an outcome 
measure. Moreover, the nature of the intervention approaches under 
study can further challenge the interpretation of the effects. Some in
terventions, such as umbilical CB infusion, are presumed to be biologi
cally distant from directly influencing social attentional processes, 
which are the primary constructs typically indexed by ET. By contrast, 
interventions more closely tied to social functioning—such as oxytocin 
administration or PMIs—are theoretically and empirically more likely to 
elicit measurable changes in ET-derived indices of social attention 
(Green et al., 2015; Le et al., 2022; Yamasue et al., 2020). This diver
gence highlights the need to carefully match outcome measures with the 
putative mechanisms targeted by the intervention.

While some of the abovementioned ET paradigms seem reliable 
enough to effectively measure changes over time, other studies also 
demonstrated independent replication of the potential utility of social 
preference indices as diagnostic biomarkers for autism (Keehn et al., 
2024; Wen et al., 2022). Consistently, the two RCTs that included a 
cohort of TD children provided support for the sensitivity of ET to detect 
between-group differences in social attention when compared to 
normative developmental trajectories (Bradshaw et al., 2019; Wang 
et al., 2020). Alternatively, certain ET measures proved to be more 
effective at predicting the developmental course of clinical outcomes, 
such as eye-to-mouth ratio (Bradshaw et al., 2019; Young et al., 2009). 
In this sense, there is growing interest in the search for baseline pre
dictors of optimal developmental progress following early intervention 
(Asta and Persico, 2022), with a few studies using ET for this purpose 
with contrasting results. For example, the assessment of learning profiles 
associated with response to ESDM in group settings showed that more 
attention to faces was not associated with greater developmental gains 
(Vivanti et al., 2013). On the other hand, other studies revealed that 
higher levels of attention to faces were predictive of developmental 
progress following ESDM intervention (Latrèche et al., 2021). Finally, 
the use of ET to develop a stratification biomarker is another promising 
avenue with the potential to challenge the wild heterogeneity of 
autism-related manifestations. Clustering individuals within RCTs into 
subgroups relevant to predicting or evaluating interventions has already 
yielded encouraging results, such as the enhanced social attention 
following CB treatment in a subgroup of autistic children without in
tellectual disability (Dawson et al., 2020). At present, only three bio
markers for neuropsychiatric conditions have advanced to the Letter of 
Intent stage with the Food and Drug Administration (FDA), none of 
which has yet progressed to the qualification stage. One of these 

Table 3 (continued )

Author, Year 
(start) 

Code Population Age Intervention & Comparator ET Outcome Measure Current 
status (date)

Rollins P., et al. 
(2024)

NCT06596226 Suspected ASD, 
N = 80

16–30 
months

Pathways with Mutual Gaze 
Protocol 
vs 
Pathways without Mutual Gaze 
Protocol

Social attention Recruiting

Peter C., et al. 
(2025) https://doi.org/10.1111/nyas 

.15320

ASD, N = 99 24–48 
months

E-Coaching vs PACT vs TAU Fixation on face vs toys, shared 
attention (head-mounted ET)

Recruiting 
Published 
protocol

NI= no information, ASD= Autism Spectrum Disorder, PRT=Pivotal Response Training, ABA= Applied Behavior Analysis, ESDM = Early Start Denver Model, 
TAU= Treatment as usual, Jasper = Joint Attention, Symbolic Play and Engagement Regulation, ENACT= ENvironmental enrichment for infants parenting with 
Acceptance and Commitment Therapy, CBT= Cognitive Behavioral Intervention, TDCS =Transcranial direct current stimulation, meRIT= Music-Enhanced Reciprocal 
Imitation Training, RIT=Reciprocal Imitation Training PACT= Peadiatric Autism Communication Therapy
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(DDT-BMQ-000093) concerns an oculomotor index of attention to 
human faces as a stratification biomarker to reduce heterogeneity of 
individuals with autism participating in clinical trials (Shic et al., 2022).

Several future directions emerge from our literature assessment. The 
integration of ET and ML models has shown significant potential in 
advancing the early detection of autism (Jaradat et al., 2025; Kong et al., 
2022; Meng et al., 2023; Wei et al., 2024). These technologies provide 
data-driven alternatives to traditional behavioral assessments, capturing 
even slight variations in social and nonsocial attentional patterns that 
may not be readily observable through clinical evaluations alone. As ML 
algorithms continue to evolve, they could serve a similar purpose in the 
use of ET for intervention monitoring, helping to refine treatment stra
tegies by identifying individualized trajectories of developmental 
progress. Secondly, recent advances in mobile ET (MET) devices offer 
several advantages over traditional screen-based settings, by enabling 
the assessment of visual attention in naturalistic, dynamic environments 
(Aukerman et al., 2025; Fu et al., 2024). MET captures gaze patterns 
from a first-person perspective, allowing the study of visual attention as 
it integrates with motor actions and social behavior. Unlike conven
tional stationary systems, MET facilitates the study of how attention 
unfolds and interacts with the environment in real time. Technological 
advances have extended the applicability of MET to pediatric pop
ulations, thereby enriching developmental research. Future perspectives 
should focus on ensuring that both ML and MET technologies are not 
only accurate and scalable, but also accessible and interpretable for 
widespread adoption in real-world clinical settings.

In considering ET as a potential biomarker of response to interven
tion, practical challenges must be acknowledged. High exclusion rates 
and missing data in very young children remain common, reducing 
sample representativeness and statistical power. Another concern in
volves barriers to implementation in low-resource settings, given the 
costs of specialized equipment, requirements for infrastructure and 
training needs. Nevertheless, recent advances—such as the above
mentioned development of low-cost MET systems (Dalmaijer, 2014; 
Hessels and Hooge, 2019) and analytical approaches that better 
accommodate missing data (Wass et al., 2014)—are beginning to miti
gate these challenges. These innovations shed light on the realistic 
pathways through which ET can become a broadly feasible and im
pactful outcome measure. Progress in standardization, data quality, and 
accessibility will be critical to ensure that ET can be applied effectively 
across diverse research and clinical contexts.

The present review has both strengths and limitations. The 
employment of a meticulous search strategy and the rigorous method
ological framework constitute remarkable strengths of the study. Some 
limitations should however be noted. Publication bias is a potential 
concern, as numerous studies remain unpublished, which may result in 
an overrepresentation of positive findings while negative or unsignifi
cant results are underreported. The inclusion criteria focused on a spe
cific age range, leading to the exclusion of studies that might have 
offered valuable insights into older populations. Limited access to 
ongoing and unpublished studies also represents a constraint, as our 
analysis was exclusively based on publicly available data without 
directly contacting authors for additional evidence. While our explor
atory meta-analysis offers an initial quantitative indication of effect 
sizes, the analysis was constrained by the limited number of studies and 
variability in outcome reporting. Future research using standardized ET 
metrics and more consistent reporting will be critical for enabling a 
more conclusive meta-analytic synthesis. Lastly, language restrictions 
may have led to the omission of relevant studies published in languages 
other than English.

Our review leaves some questions unanswered and supports that 
further work is warranted to achieve greater consistency in neuro
behavioral biomarkers of response to early intervention in autism. The 
standardization of ET measures is challenging, and there are frequently 
elevated rates of missing data. Providing researchers with unambiguous 
guidelines on the strengths and limitations of prevailing ET metrics, 

along with a comprehensive framework to develop a standardized set of 
outcome measures, may ultimately ensure the generalizability of the 
means to detect the neurobehavioral effects of early interventions. The 
establishment of such a gold standard would serve to increase the 
replicability of results and enhance the comparability of data across 
studies and disciplines. As ongoing trials continue to explore ET as a tool 
for measuring intervention outcomes, future research should investigate 
how these findings translate to real-world clinical practice.
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