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Correspondence Abstract
Ehofnas W. Frazier, Department of Abnormal eye gaze is a hallmark characteristic of autism spectrum disorder
sychology, John Carroll University, i K . X
Cleveland, OH, USA. (ASD). The primary aim of the present research was to develop an Arabic version
Email: tfrazier@jcu.edu of an objective measure of ASD, the “autism index” (Al), based on eye gaze track-
o ) ing to social and nonsocial stimuli validated initially in the United States. The ini-
g‘;‘:g‘rngig‘rﬁ’:gi‘:ﬁ"ﬁeseamh Instiute, Hamad tlé'll ph.a'se of t.hls §tudy 1ncl}1ded the translapon of Enghsh languagg eye-tracking
Bin Khalifa University stimuli into stimuli appropriate for an Arabic-speaking culture. During the second
phase, we tested it on a total of 144 children with ASD, and 96 controls. The Al
had excellent internal consistency and test-retest reliability. Moreover, the Al
showed good differentiation of ASD from control cases (AUC = 0.730,
SE = 0.035). The AI was significantly positively correlated with SCQ total raw
scores (r = 0.46, p <0.001). ADOS-2 scores were only available in the ASD
group and did not show a significant relationship with AI scores (r = 0.10,
p = 0.348), likely due to the restricted range. The AI, when implemented using
Arabic-translated stimuli in a Qatari sample, showed good diagnostic differentia-
tion and a strong correlation with parent-reported ASD symptoms. Thus, the Al
appears to have cross-cultural validity and may be useful as a diagnostic aide to
inform clinical judgment and track ASD symptom levels as part of the evaluation

process.

Lay Summary

This study aimed to create an Arabic version of a tool called the “autism index”
(AI), which uses eye gaze tracking to assess autism spectrum disorder (ASD). The
researchers translated the AI’s eye-tracking tests into Arabic and tested it on
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symptoms.

KEYWORDS

INTRODUCTION

Social attention is a key developmental parameter (Frazier
et al., 2021) that likely influences a range of developmental
processes, including social cognition (Frischen et al.,
2007). Numerous studies have identified gaze differences
between individuals with autism spectrum disorder (ASD)
and controls across a wide range of ages and stimulus
paradigms (Chita-Tegmark, 2016a, 2016b; Klin & Jones,
2008; Papagiannopoulou et al., 2014). Reductions in eye
gaze to social stimuli and increases in attention to non-
social stimuli are a replicable and relatively stable feature
of ASD (Frazier et al., 2017), consistent with original
conceptualizations of autism (Kanner, 1943), and is con-
sidered a red flag in all diagnostic instruments (Lord,
Luyster, et al., 2012; Lord, Rutter, et al., 2012; Rapin,
1997). More than a decade of research into eye gaze
abnormalities has confirmed social attention deficits as a
main feature of ASD, even in very young children (Jones
et al., 2008; Jones & Klin, 2013; Klin et al., 2009; Lord
et al., 1994; Papagiannopoulou et al., 2014; Rice et al.,
2012; Risi et al., 2006). Across studies, various stimulus
patterns have induced social attention abnormalities; rang-
ing from diminished fixation to others’ eyes and social
scenes as early as 6 months of age, to gaze abnormalities
during dyadic or joint attention display in preschoolers
and older children, to abnormal gaze toward dynamic
social stimuli in older high-functioning individuals
(Chawarska et al.,, 2013; Lord et al., 1994; Magrelli
et al., 2013; Sasson & Elison, 2012; Vivanti et al., 2013).
Presently, ASD is identified in the context of a clinical
evaluation that is typically based on some combination
of parent-report, parent-interview, and clinical observa-
tion tools. These methods are heavily influenced by sub-
jective perceptions and require substantial training and
ongoing inter-rater reliability checks (Bishop &
Seltzer, 2012; Pierce et al., 2015). Several diagnostic tools
have been validated as a ‘“gold-standard” to enable
clinicians to differentiate ASD from other neurodevelop-
mental disorders. Specifically, the Autism Diagnostic
Observation Schedule-2nd edition (ADOS-2) (Falkmer
et al., 2013; Lord, Luyster, et al., 2012; Lord, Rutter,
et al., 2012) is widely considered once of the most effec-
tive evaluation tools for clinical and research contexts.
Nonetheless, to date, all measures proven effective in

children with ASD (n = 144), non-autistic children (n = 84), and children with
developmental delays (n = 12). The Al proved to be reliable and effectively distin-
guished children with ASD from the control groups and demonstrated cross-
cultural validity. It also showed a strong correlation with parent-reported ASD
symptoms. In conclusion, the Arabic version of the Al showed promise as a valu-
able cross-cultural objective tool for screening, diagnosing, and tracking ASD

autism spectrum disorder, diagnosis, eye tracking, gaze, risk assessment

diagnosing ASD are subjective in nature and even the
ADOS-2 is limited by the need for extensive training and
ongoing reliability checks to maintain accuracy and fidel-
ity. None of the present diagnostic procedures include an
objective marker that provides immediate interval-scale
measurements and highly reliable scores across the full
range of behaviors in individuals affected with ASD.
Thus, the development of objective measures of ASD has
the potential to greatly enhance clinical evaluation, sup-
plementing existing subjective assessment methods.

Recently, research has been geared toward investiga-
tions of objective markers for ASD diagnosis (Ansel
et al., 2019; Frazier et al., 2016). Technological advance-
ments such as eye gaze tracking have shown promise as a
method for producing objective markers for ASD
(Frazier et al., 2016; Pierce et al., 2011). Two recent stud-
ies provided some support for the potential distinctive
value of eye gaze tracking. In these studies, individual
social stimuli had moderate but potentially informative
discriminative value (Areas Under the Curve [AUC] =
0.71-0.72) in distinguishing individuals with ASD and
other developmental delays from healthy control individ-
uals (Chevallier et al., 2015; Guillon et al., 2014).

The development of a quantitative, interval-scale
measure of autism symptoms, including measures of the
core symptom domains, would represent a major step
forward in the technology used to capture autism symp-
tom levels and identify cases that are at risk for ASD
diagnosis. Most recently, researchers showed that eye
gaze to social and non-social stimuli can be aggregated
into an autism risk index with high validity for the identi-
fication of ASD (Frazier et al., 2018). This work has also
shown that social attention processes are a distinct behav-
ioral dimension that shows cross-cultural consistency and
that remains stable throughout various age groups, with
females exhibiting a slightly stronger preference, on aver-
age, for social attention (Frazier et al., 2021). Thus, it
remains possible that recent advances in the development
of social attention-based metrics for assessing the likeli-
hood of ASD might be transportable across cultural con-
texts after appropriate adaptation.

Following this logic, the primary purpose of the pre-
sent research was to build on prior research in a US pop-
ulation (Frazier et al., 2018) to create a highly similar
Arabic-language stimulus battery for collecting and
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scoring the autism risk index. The stimuli needed to be
appropriate for the Middle Eastern culture, well accepted
by parents, and maintain the child’s attention during data
collection. The secondary purpose was to compute the
autism risk (AI) by aggregating gaze metrics across
the new Arabic-language stimuli in an identical fashion
to the prior US work, and validate the Arabic Al within
the Qatari population through recruitment and collection
of eye tracking data of a large sample of ASD affected
individuals and non-autistic (NA) children and children
with other developmental delays (DD) between the ages
of 3 and 15 years. All children referred to this study were
either already diagnosed or suspected to be on the autism
spectrum. We hypothesized that the AI would show sub-
stantial diagnostic validity—the ability to differentiate
ASD and control cases—with Area Under the Curve
(AUC) >0.70. Second, we hypothesized that the clinical
autism symptom measurements would be significantly
associated with the social and non-social attention indices
comprising the Al

METHODS
Participants

All research participants were between the age of 3 and
15 years. The study sample consisted of two groups:
ASD (n=144) and NA (n=284) and DD controls
(n = 12). The ASD group was recruited from local spe-
cial needs clinics and centers in which a prior ASD diag-
nosis was done. We also recruited cases suspected to be
on the autism spectrum, which we confirmed using the
tools in our research protocol described in the diagnosis
section. Meanwhile, the control group participants were
either siblings of ASD participants, recruited through pri-
mary care clinics, or through research contacts. The total
control sample consisted of 39% siblings of participants
with ASD, and 61% were not related to any case of ASD.
Given the small sample of DD, all control group partici-
pants were grouped into a single comparison sample. The
exclusion criteria were for children with certain disabil-
ities that will pose difficulties in performing the eye track-
ing testing (i.e., severe physical disabilities, visual and
auditory impairments, etc.).

Diagnosis

The diagnostic assessment was conducted for all ASD
participants who never received a diagnosis using the
ADOS-2, and for all participants suspected to be on
the autism spectrum. A consensus diagnosis was based
on a parent interview, psychosocial, developmental, and
clinical history conducted by our research team whose
members are all licensed administrators of the ADOS-2.
After conducting the assessments, the team met to con-
firm the presence/absence of ASD using DSM-5 criteria

(American Psychiatric Association, 2013). Eligibility for
participation in the DD group required any other neuro-
developmental or neuropsychiatric disorder diagnosis
other than ASD. Eligibility in the NA group required no
past or current developmental or psychiatric difficulties.
All group participants were screened using the SCQ and
seen by our neurodevelopmental physician with years of
experience in ASD phenotyping and diagnosis, to ascer-
tain or rule out ASD in each sample.

Clinical assessments

The clinical assessments in our research protocol included
the ADOS-2, Arabic, and English versions of the SCQ
(Aldosari et al., 2019; Rutter et al., 2003; Chandler et al.,
2007), and DSM-5 criteria. As the gold-standard clinical
observation measure used to assess autism symptoms
severity, ADOS-2 was used. For the present study, the
ADOS-2 total, social affect sub-scale, and restricted/
repetitive behavior sub-scale raw scores were converted to
calibrated severity scores based on the ADOS-2 module
used and the comparison scores for each participant. Dur-
ing the parent interview, the research team completed the
Arabic or English version of the SCQ, and a clinical and
developmental history form. As part of clinical history,
results from previous assessments such as 1Q, language,
and other developmental concerns, were requested from
the families of consented participants and retrieved from
clinical history records of record-review participants.

Eye tracking stimuli creation

The creation of the Arabic version of the eye-tracking
stimuli was completed in three stages. The first stage was
obtaining the English version (Cleveland Clinic) of the
eye-tracking stimuli. The second stage included the trans-
lation and back translation (from English to Arabic) of
the content by the QBRI team. Finally, a local Qatari
production company was hired for the creation of the
Arabic version of the eye-tracking stimuli. The research
team replicated the setup and setting of the English
version at Hamad Bin Khalifa University (HBKU). The
team then reviewed the content, compared them to match
the Cleveland Clinic (CC) stimuli as much as possible,
and recommended adjustments as needed. ROIs were
identified in the Qatari Stimuli to match the English
Stimuli (Figure 1).

Eye tracking data acquisition and processing

Eye tracking data was collected in a quiet room, using
the SMI RED250 remote eye tracker system attached to
a 19-inch LCD stimulus presentation monitor. Binocular
gaze, 3D eye position, pupil, and timestamp data were
collected at a sampling rate of 250 Hz. Gaze capture was
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FIGURE 1 Sample Qatar
versus US stimuli. (a and c¢) Qatar
version, (b and d) Cleveland Clinic
version.

automatically calibrated using 2-, 5-, or 9-point calibra-
tions (starting with 5 or 9-point depending on the func-
tional level of the child) and provided position accuracy
to 0.4°. Dwell proportion (percentage on target region rela-
tive to total time on screen) was the primary measurement
of interest, although additional measures were also col-
lected, including visits to regions of interest, saccade average
length, saccade peak velocity, and blink frequency.

For the eye-tracking assessment, we followed recom-
mendations from Sasson and Elison (2012), in which the
child was seated alone or in his/her parent’s lap approxi-
mately 60-65 cm from the LCD display and viewed the
stimuli subtending a visual angle of approximately 18.8
degrees. Standard room lighting was used, and the room
was sparse, with visual barriers to reduce distraction. After
calibration, children were told, “You will see some videos,
pay attention, but look however you want.” Stimuli was
presented using the SMI Experiment Center. Gaze data
was captured during viewing of a 10 min battery consisting
of initial and recurring calibration and multiple stimuli from
each of the following paradigms: dynamic individual faces,
static side-by-side faces, joint attention bids, gaze following,
reciprocal interactions, dynamic social versus dynamic geo-
metric images, and passive viewing of social/object arrays.
The visual paradigm ended with a short gaze accuracy vali-
dation step. The researchers used the same measurement
techniques in the Arabic-language study as in the English-
language study but calculated z-scores using the mean and
standard deviation of the original study. The researchers
then combined indicators that showed less attention to
social cues in children with ASD (which were given a nega-
tive value) with indicators that showed more attention to
non-social cues in ASD-affected individuals. Test-retest
comparisons were done for 28 participants from all groups,
the time between administrations of the test and retest aver-
aged 8 months (Table 1).

Statistical analyses

The study identified outliers and high-leverage cases
using univariate and bivariate distributions. Analyses
were performed with and without these cases, but there
were no significant differences, so all available data was
included. Descriptive statistics were used to characterize
the sample and comparisons were made between baseline
and retest participants using appropriate statistical tests.
Receiver operating characteristic (ROC) curve analysis
assessed the validity of the Al, SCQ, and ADOS-2 severity
scores. Concurrent validity for autism severity was evalu-
ated using Spearman’s rank-order correlations between
these measures. However, the correlation between ADOS-2
scores and other measures was anticipated to be lower due
to the restricted range of these scores. The internal consis-
tency reliability of the AI and its attention indicators was
estimated using Cronbach’s «, while test-retest reliability
was evaluated using Pearson’s r. Area under the ROC curve
was used to quantify validity. To establish diagnostic valid-
ity, a 95% confidence interval of the ROC curve should be
larger than 0.80.

To validate the Arabic language Al, we computed
Spearman rank-order correlation coefficients examining
the relationships between the social vs. non-social atten-
tion indices, the ADOS-2 total, severity scores, and SCQ
raw scores. ADOS-2 calibrated severity scores were com-
puted using existing norms. A type 1 error rate of 0.05
was used for each analysis. In addition, to avoid inflation
of Type 1 error for these correlations, we used a
Benjamini-Hochberg false discovery rate correction, and
only correlations exceeding r = 0.40 were considered
clinically meaningful. The validation sample was inten-
tionally over-powered for detection of a significant
area under the ROC curve (AUC of >0.70). Descriptive
statistics were used to characterize the sample and
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TABLE 1 Test-retest samples, details of period between tests.

Test Retest Number of days Number of months
5/14/2019 10/14/2019 153 5
3/24/2019 12/9/2019 260 8.15
3/25/2019 12/9/2019 259 8.14
3/25/2019 12/5/2019 255 8.10
3/25/2019 12/10/2019 260 8.15
3/25/2019 12/11/2019 261 8.16
3/27/2019 12/8/2019 256 8.11
4/4/2019 12/5/2019 245 8.1
3/28/2019 12/10/2019 257 8.12
3/28/2019 12/10/2019 257 8.12
3/28/2019 12/11/2019 258 8.13
3/28/2019 12/9/2019 256 8.11
4/1/2019 12/9/2019 252 8.8
4/1/2019 12/8/2019 251 8.7
4/2/2019 12/8/2019 250 8.6
4/3/2019 12/11/2019 252 8.8
4/3/2019 12/12/2019 253 8.9
4/3/2019 12/11/2019 252 8.8
4/3/2019 12/9/2019 250 8.6
4/3/2019 12/5/2019 246 8.2
8/4/2019 1/13/2020 162 5.9
8/4/2019 1/13/2020 162 5.9
8/4/2019 1/13/2020 162 5.9
8/4/2019 1/13/2020 162 5.9
2/25/2019 1/12/2020 321 10.18
2/25/2019 1/12/2020 321 10.18
2/25/2019 1/12/2020 321 10.18
3/7/2019 1/12/2020 311 10.5
3/7/2019 1/12/2020 311 10.5
4/13/2019 1/12/2020 274 8.30
4/13/2019 1/12/2020 274 8.30
4/17/2019 1/13/2020 271 8.27
71712019 1/12/2020 189 6.5

comparisons were made between baseline and retest par-
ticipants using Chi-square (categorical variables) or ¢-
tests (continuous variables) and Cohen’s d was presented
to evaluate the magnitude of baseline and retest sample
differences.

RESULTS
Sample description

Baseline sample accounting has been described previ-
ously (Frazier et al., 2021). The final baseline sample
included 240 participants (144 ASD, 84 NA, and 12 DD)
and the retest sample included 28 participants (16 ASD,
9 NA, and 3 DD) (Table 2). The distribution of

diagnoses, age, sex, ASD sex ratio, SCQ total raw scores,
tracking ratio, and number of valid stimuli were consis-
tent between the baseline sample and the retest sample.
However, the retest sample had significantly higher pro-
portions of participants with language/communication
disorders and global developmental delay/intellectual
disability. Overall, both the baseline and retest samples
consisted of individuals with wide ranges of ages, neuro-
psychiatric diagnoses, and autism symptoms, making the
present sample a relatively challenging case for diagnostic
differentiation.

Autism index score range and reliability

Autism index scores were fairly normally distributed
in the ASD (skew = 0.21, kurtosis = 0.08) and control
(skew = 0.34, kurtosis = —0.40) participants showed a
wide range of scores on the autism index (z = —2.28 to
+4.26) with a pronounced shift upward in the ASD
group (Cohen’s d = 0.86) (Figures 1 and 2, and Table 2
and 3). When considered separately, the social and non-
social attention indicators had very good to excellent
internal consistency and test-retest reliability. Internal
consistency and test-retest reliability were excellent
(Table 4 and 5).

Diagnostic and concurrent validity

Autism index scores showed good differentiation of ASD
from control cases (AUC = 0.730, SE = 0.035) (Figure 3
and Table 6). Evaluating subsets of cases with more strin-
gent validity (Tracking ratio >0.80, number of valid stim-
uli 235) did not improve diagnostic accuracy (AUC =
0.689, SE = 0.050) likely due to the loss of more signifi-
cantly affected ASD cases. In the full sample, autism
index scores were significantly positively correlated with
SCQ total raw scores (r = 0.46, p < 0.001) (Figure 4).
ADOS-2 scores were only available in the ASD group
and these scores did not show a significant relationship
with autism index scores (r = 0.10, p = 0.348), likely due
to the somewhat restricted range of scores in this group
(82.6% of scores fell between 3 and 8) (Tables 4-6).

Exploring an alternative algorithm — machine
learning

The observed autism index diagnostic accuracy is impres-
sive given that the original index selected a subset of
social and non-social indicators showing significant but
modest validity for ASD diagnosis and conducted linear
averaging across these indicators. For the present study,
this average was rigidly applied to examine strict replica-
bility and extension to a Qatar population. Thus, the
observed diagnostic accuracy is likely conservative, as
one would expect that a more optimal set of indicators
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TABLE 2 Participant characteristics in the full baseline sample and the retest sub-sample.

Baseline Retest
M (SD) M (SD) Xt (p) Cohen’s d

Total N 240 28 2.15(0.342) 0.19

Non-autistic (1, %) 84 (35.0%) 9 (32.1%)

Developmental delay (n, %) 12 (5.0%) 3 (10.7%)

Autism spectrum disorder (n, %) 144 (60.0%) 16 (57.2%)
Age (range) 7.7 (3.6, 1.4-16) 7.7(3.1,1.4-13) —0.80 (0.935) 0.10
Female (n, %) 75 (31.3%) 8 (28.6%) 0.13 (0.721) 0.05
ASD sex ratio (female: male) 1:3.7 1:4.3 0.10 (0.751) 0.04
Other diagnoses (1, %) 19.6 (0.001) 0.60

Language or communication disorder 51(21.2%) 16 (57%) —4.18

GDD/ID 19 (7.9%) 8 (28.6%) —3.45

Anxiety disorder 28 (11.7) 1 (3.6%) 1.30

Attention-deficit/hyperactivity disorder 86 (35.8%) 6 (21.4%) 1.52

Other 19 (7.9%) 1 (3.6%) 0.82
SCQ total raw score

Non-autistic 1.4 (2.2) 0.8(0.4) 0.92 (0.363) 0.12

Developmental delay 4.0 (4.9) - -

Autism spectrum disorder 16.4 (7.2) 20.1 (5.1) —1.97 (0.051) 0.26
ADOS-2 total severity (Autism cases only) 6.1 (2.1) - -
Overall tracking ratio (%) 79.1% (14.3%) 77.6% (15.2%) 0.64 (0.526) 0.08
Number of valid stimuli (out of 44) 35.3(7.9) 34.3 (8.1) 0.75 (0.457) 0.10

Note: SCQ = Social communication total raw score Chi-square statistics were converted to Cramer’s V. As an effect size metric, Cramer’s V is roughly equivalent to r
and, therefore, to provide a common metric, Cramer’s V was converted to Cohen’s d via r. Only one ADOS-2 total severity score was available in the retest sample and no

SCQ total raw scores were available in the developmental delay group for the retest sample.

Abbreviation: DD, developmental delay.
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FIGURE 2 Side-by-side histograms of autism index scores for ASD-diagnosed and non-autistic control participants.
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TABLE 3 Sample demographics and eye tracking quality for valid and invalid participants.
Valid Invalid
M (SD) M (SD) X% t(p)
N 136 19
Age 7.6 (3.4) 6.5 (4.0) 1.34 (0.182)
Male (N, %) 92 (67.6%) 8 (42.1%) 4.75 (0.029)
SCQ 9909.2) 18.9 (7.8) 2.81(0.006)
ADOS raw 16.2 (5.1) 19.8 (3.6) 2.03 (0.046)
ADOS total calibrated severity score 6.1 (1.9) 6.7 (1.4) 0.89 (0.378)
ASD (1, %) 85 (62.5%) 14 (73.7%) 0.90 (0.342)
Number of valid stimuli 31.5(7.2) 10.5(2.9) 12.53 (<0.001)
Tracking ratio (%) 80.1% (13.2%) 48.0% (6.3%) 10.38 (<0.001)

Note: Invalid cases were individuals with fewer than 15 valid stimuli out of a possible 40. All participants (valid and invalid) had tracking ratios above 40%. The ADOS-2
was only administered to ASD-affected individuals and a small number of NA controls where concern of ASD was identified but ruled out. SCQ scores were only

available for 107 of 155 participants.

TABLE 4 Internal consistency and test—retest reliability coefficients for social and non-social attention indicators and the autism index.

Internal consistency a

Test-retest r

Social attention (k = 177)
Non-social attention (k = 195)
Autism index (k = 372)

0.73
0.44
0.73

Note: k = number of gaze indicators.

TABLE 5 Summary statistics of the test-retest samples.

Mean (average) 8.1921875
Median 8.18

Range 5.5
Geometric mean 8.069696
Standard deviation 1.3561866
Variance 1.83924209
Sample standard deviation 1.37788696
Sample variance 1.89857248

and algorithms might be obtained. To explore this possi-
bility, the available indicators used to compute the
autism index were input to support vector machine and
Random Forest analyses to predict ASD diagnosis.
Results indicated a potential improvement in validity,
using the same indicator set, by applying a support vector
machine (radial basis kernel, 230 support vectors,
cost = 1, gamma = 0.003, epsilon = 0.1, 10-fold cross-
validation) or a random forest algorithm (500 trees, vari-
ables tried at each split = 123, leave-one-out cross-valida-
tion) (SVM — R? = 0.26, AUC = 0.799; RF — R? = 0.21,
AUC = 0.768). However, these results require replication
in a new sample and are still based on using the English
version study’s Means and SDs to standardize the indica-
tors. Thus, even these values may be conservative relative
to what is possible by computing a fully Qatari-specific
algorithm (Figure 5).

DISCUSSION

The present study aimed to validate the Arabic version of
the eye-tracking Al and assess its diagnostic utility in a
sample of children with and without ASD. Results indi-
cated that the Arabic version of the AI showed good
diagnostic differentiation, which supports its utility for
screening and as a diagnostic aide to inform clinical judg-
ment. These findings are consistent with previous studies
that have reported the efficacy of the Al or similar algo-
rithms in identifying children at risk for ASD (Frazier
et al., 2016; Zwaigenbaum & Penner, 2018). The current
study also found a strong correlation between the Arabic
version of the Al and the SCQ, which suggests its ability
to discriminate between symptom levels in children with
ASD (Frazier et al., 2018). These findings are in line
with previous studies that have demonstrated the validity
of the SCQ as a screening tool for ASD (Aldosari
et al., 2019; Berument et al., 1999; Corsello et al., 2007).
Moreover, the high internal consistency and test—
retest reliability of the Arabic Al in the current study sup-
ports its potential clinical value as an assessment tool for
ASD. Prior studies on gaze-based measures have sug-
gested moderate test-retest stability (Farzin et al., 2011).
However, the current study found strong test-retest reli-
ability for the social attention indicators and moderate
reliability for the non-social indicators, which suggest
that the Arabic Al is measuring a stable trait consistent
with the diagnosis of ASD. These findings are consistent
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FIGURE 3 Boxplot (£95%
6100 CI) of autism index scores for
ASD diagnosed and non-autistic
control participants.
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TABLE 6 Sample demographics and eye tracking quality for ASD diagnosed and non-autistic control participants.

ASD Non-autistic controls

M (SD) M (SD) X2, t(p)
N 85 51
Age 8.5(3.1) 6.1(3.3) 4.32 (<0.001)
Male (N, %) 70 (82.4%) 22 (43.1%) 22.40 (<0.001)
SCQ 159 (7.7) 1.7(2.3) 11.41 (<0.001)
ADOS raw 16.2 (5.1)
ADOS total calibrated severity score 6.1(1.9)
Number of valid stimuli 29.0 (7.0) 35.7(5.5) 5.82(<0.001)

Tracking ratio (%) 75.1% (12.5%)

88.4% (10.0%) 6.47 (<0.001)

Note: Invalid cases were individuals with fewer than 15 valid stimuli out of a possible 40. All participants (valid and invalid) had tracking ratios above 40%. The ADOS
was only administered to ASD-affected individuals and a small number of non-autistic controls where concern of ASD was identified but ruled out. SCQ scores were only

available for 107 of 155 participants.

with previous studies that have reported the stability of
gaze-based measures in children with ASD (Chawarska
et al., 2013). Nonetheless, it may be useful to explore
additional non-social indicators or other ways to enhance
reliability of the assessment of non-social attention in
future studies.

Objective measures are necessary to grade the severity
of ASD symptoms and monitor changes over time, as
subjective measures may be inconsistent and often
require substantial training and ongoing reliability checks
to maintain accuracy (Bishop & Seltzer, 2012; Pierce
et al., 2015). The results of the current study suggest that
Al may be a useful tool in conjunction with other com-
monly used clinical measures for identifying ASD. Inter-
estingly, supporting the contention of incremental
validity with other clinical measures, missed cases (ASD
diagnosis but low Al index scores) also had a different
pattern of ADOS-2 scores compared to correctly identi-
fied cases. However, more research is needed to

determine the precise level of stand-alone and incremen-
tal validity of the Al for categorical ASD diagnosis.

LIMITATIONS

The current study describes the development and initial
validation of an Arabic version of the gaze-based Al as a
screening and diagnostic tool for ASD in the Arabic-
speaking population. However, the study was limited by
its small sample size overall, especially for the DD group.
Therefore, it is essential to conduct further research with
a larger sample size, particularly for establishing the
validity of the Al in distinguishing between ASD and
non-ASD developmentally delayed cases. It is important
to note that this limitation is somewhat offset by the
conservative nature of applying the original English-
language Al algorithm to a Qatari sample without devel-
oping local norms or an Arabic-specific algorithm.
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Nonetheless, future work is required to replicate these
findings with larger, more representative samples that
include a wide range of ASD and non-ASD developmen-
tal disability cases. Although generalizability was
obtained between US-English and Qatar-Arabic stimuli,
additional generalizability studies should be considered
to other populations and cultural contexts. Moreover,
the absence of 1Q test results for some of the participants
was a limitation and should be addressed in future similar
studies. Finally, despite the majority of the control group
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AUC=.73 (.66-.80)
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FIGURE 4 Receiver operating characteristics curve for the autism
index predicting clinical ASD diagnosis (n = 240).

30

SCQ Total Raw

participants in our sample not being siblings of ASD nor
considered to be from the at-risk category, it is still worth
noting that including siblings of the ASD samples was a
limitation that should be avoided in future research.

CONCLUSION

While social attention has been found to be consistent
across cultures (Frazier et al., 2021), and Al has shown
promise in identifying ASD in English-speaking popula-
tions (Frazier et al., 2018), it is crucial to determine
whether the tool can be successfully implemented in other
contexts through further cross-cultural validation studies.
This will expand the diagnostic tools available for ASD
screening and improve access to accurate diagnosis for
individuals from diverse backgrounds.

Although the current study supports the validity of
the Al as a diagnostic tool for ASD in the context of
Qatar, it is necessary to evaluate its clinical implementa-
tion to determine its diagnostic accuracy as part of the
typical workflow. This involves testing the Al in clinical
settings, comparing its accuracy to existing diagnostic
tools such as the ADOS-2, and examining the feasibility
of implementing the Al in clinical practice. Guidelines
for the use of the Al in clinical settings are also needed to
ensure its proper utilization and interpretation.

Future research should involve testing the Al in a
larger and more diverse sample set and examining its pre-
dictive value in comparison to other established diagnos-
tic tools.
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