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ABSTRACT

Children with attention-deficit/hyperactivity disorder (ADHD) are highly vulnerable
to visual distractions in therapeutic and home environments, which may reduce the effectiveness of
rehabilitation interventions. Eye-tracking technology provides a novel tool to objectively quantify visual
attention and identify distracting stimuli. This study aimed to evaluate the feasibility and test—retest
reliability of a desktop-based eye-tracking system in detecting distracting visual elements presented in
simulated rehabilitation and home environments for children with ADHD.
(VIETIEE Sixteen children with ADHD aged 8-12 years (10 boys, 6 girls) participated. Each child viewed
a high-resolution panoramic image of a therapeutic room and a home setting displayed on a monitor
for 8 seconds in two repeated trials separated by a 15-minute interval. Eye-tracking metrics included
fixation duration on task-relevant versus distracting stimuli, number of distractor fixations, and heat map
distributions. Reliability was assessed using Pearson correlation and intraclass correlation coefficients (ICC).
[{EET® Mean fixation duration on task-relevant areas was 4.320.5 seconds in Trial 1 and 4.4+0.4 seconds
in Trial 2. The number of distractor fixations averaged 3.0+1.2 in Trial 1 and 3.1+1.1 in Trial 2. Reliability
analyses revealed strong consistency: Fixation duration (r= 0.83, ICC=0.81), distractor fixations (r=0.85,
ICC=0.84). Heat maps demonstrated nearly identical gaze patterns across trials.
Eye-tracking technology demonstrated strong feasibility and test—retest reliability for detecting
distracting visual stimuli in rehabilitation and home-like environments for children with ADHD. These
¢ findings support its application as an objective, repeatable tool for assessing environmental distractors in
Received: 02 Oct 2025 © clinical and home-based rehabilitation contexts.
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Introduction

ttention-deficit/hyperactivity disorder
(ADHD) is one of the most common neu-
rodevelopmental disorders in children, af-
fecting approximately 5—7% of school-age
children worldwide [1]. Characterized by
inattention, hyperactivity, and impulsivity,
ADHD significantly interferes with academic, social, and
therapeutic functioning. Beyond the clinical symptoms,
children with ADHD often face unique challenges in en-
vironments rich in sensory input and distracting stimuli.
Rehabilitation settings, classrooms, and even home envi-
ronments can inadvertently amplify these difficulties by
exposing children to visual clutter, salient distractors, and
poorly organized spatial layouts [2].

Research into ADHD has consistently highlighted atten-
tional control as a core deficit, with children demonstrating
difficulty sustaining attention on task-relevant stimuli while
being highly susceptible to irrelevant visual and auditory
distractions [3]. This heightened distractibility not only lim-
its classroom performance but also reduces the efficacy of
rehabilitation interventions that rely on sustained engage-
ment with therapeutic activities. Traditional approaches to
managing distractibility, such as behavioral reinforcement
strategies or pharmacological treatment, primarily target
the child rather than the environment [4]. However, envi-
ronmental adjustments could provide an additional, low-
risk method to enhance engagement during therapy.

The built environment, especially visual features such
as color contrasts, lighting, clutter, and decoration, plays a
crucial role in guiding attention [5, 6]. Studies in environ-
mental psychology suggest that salient, brightly colored,
or unusually positioned objects compete for attention
and may interfere with concentration on central tasks [7].
For children with ADHD, whose inhibitory control sys-
tems are compromised, these distractions may exert even
stronger effects [8]. Despite this, rehabilitation research
has largely overlooked the physical environment, focus-
ing instead on therapeutic methods. Consequently, there
remains a gap in our understanding of how design factors
influence therapeutic outcomes in ADHD.

Eye-tracking technology offers an innovative solution to
this problem. By objectively recording where and for how
long individuals look at stimuli, eye trackers provide a direct
measure of attentional allocation. Unlike behavioral obser-
vation or self-report, eye-tracking is non-invasive, quantita-
tive, and highly sensitive to moment-by-moment changes in
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gaze behavior [9]. This makes it especially useful for study-
ing children, who may not be able to articulate their atten-
tional experiences. Eye-tracking methods have been applied
widely in research on autism spectrum disorder, dyslexia,
and ADHD, where they have uncovered distinctive gaze
patterns and attentional abnormalities [10-12]. However,
their application has mostly focused on diagnostic or cogni-
tive research rather than environmental assessment.

Reliability is especially important in research with chil-
dren. Given the natural variability in attentional states and
fatigue, a single assessment may not accurately represent
a child’s typical response. Test—re-test reliability address-
es this by measuring the stability of performance across
repeated trials [13]. In the context of eye tracking, high
reliability would mean that children show similar patterns
of fixation duration and distractor allocation across ses-
sions, even when separated by a short interval.

We hypothesized that the eye-tracking system would
successfully capture children’s gaze behavior in both
trials, confirming feasibility; and fixation durations and
distractor fixations would demonstrate good test-re-test
reliability, as measured by correlation and intraclass cor-
relation coefficients (ICC). Confirming these hypotheses
would support the use of eye-tracking as an objective tool
for detecting distracting environmental features in reha-
bilitation and home-like settings for children with ADHD.

Methods

This study employed a repeated-measures test—re-test
design to evaluate the feasibility and reliability of a desk-
top-based eye-tracking device in detecting distracting
visual stimuli in children with ADHD. Each participant
completed two identical trials separated by a 15-minute
interval. This design was chosen to assess the short-term
stability of visual attention metrics while minimizing
fatigue and learning effects. By exposing participants to
the same visual stimuli under consistent conditions, any
differences observed between the two trials could be at-
tributed primarily to variability in attention rather than
environmental or procedural changes.

The primary outcome measures included fixation dura-
tion on task-relevant areas of interest (AOIs), the number
of fixations on distracting AOIs, and heat map distribu-
tions of gaze behavior across the stimulus images. These
measures were analyzed for both feasibility (successful
completion of trials and data capture) and reliability (con-
sistency between trial 1 and trial 2).
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Sixteen children diagnosed with ADHD participated in
the study. Participants were between 8 and 12 years of
age (M=9.9 years), comprising 10 boys and 6 girls. The
inclusion criteria included clinical diagnosis of ADHD
confirmed by a pediatric neurologist or child psychiatrist
based on DSM-5 criteria, age between § and 12 years,
normal or corrected-to-normal vision sufficient for eye-
tracking calibration, ability to attend and participate in a
short experimental task lasting approximately 20 minutes,
written informed consent from a parent or guardian, and
verbal assent from the child.

The exclusion criteria included uncorrected visual im-
pairments or ocular conditions that could interfere with
reliable tracking, co-occurring neurological conditions
(e.g. epilepsy, traumatic brain injury) that could confound
results, and severe behavioral dysregulation preventing
the child from remaining seated for at least 8 seconds dur-
ing stimulus presentation.

Participants were recruited through local rehabilitation
centers, ADHD support groups, and outpatient pediatric
clinics. Families received detailed information about the
study aims and procedures before enrollment.

Materials

A desktop-mounted, high-resolution eye-tracking sys-
tem was used (Segal iTracker, Farmed Tajhiz Co., Teh-
ran, Iran, sampling rate: 60 Hz; accuracy £0.5°). The de-
vice required minimal calibration and was non-invasive,
allowing children to view stimuli naturally on a monitor
without wearing additional hardware. Calibration in-
volved a standard 9-point procedure, which was repeated
until satisfactory accuracy was achieved.

Eye-tracking data were processed using the manufactur-
er’s proprietary software, which generated raw gaze coor-
dinates, fixation durations, saccadic movements, and heat
maps. AOIs were predefined to distinguish task-relevant
from distracting regions.

Stimuli consisted of panoramic, high-resolution digi-
tal photographs of two types of environments: a reha-
bilitation treatment room, featuring common therapeutic
equipment (desk, therapy mat, shelves with toys/books,
and wall posters) and a home living room, containing

typical household features such as furniture, decorative
items, and shelves.

Both environments included task-relevant AOIs (e.g.
therapist’s table, central play area, or workspace) and dis-
tracting features (e.g. brightly colored wall posters, clut-
tered shelves, or decorative objects). Each panoramic im-
age was displayed for exactly 8 seconds per trial.

Each participant completed the study individually in a
quiet, dimly lit room to minimize external distractions.
The child and caregiver were welcomed and given an ex-
planation of the procedure in age-appropriate language.
To reduce anxiety, children were allowed to interact brief-
ly with the device. The eye-tracking device was calibrated
using the standard 9-point calibration grid. The procedure
was repeated until accuracy was within acceptable limits.
In the first trial the child was instructed to look naturally at
the panoramic image displayed on the screen. Each stim-
ulus was presented for 8 seconds. No specific instructions
about where to look were given to avoid biasing attention.
After that, participants engaged in a 15-minute break.
They were allowed to read, play quietly, or converse with
caregivers. No visual stimuli resembling the test images
were shown during this interval. In the second trial, the
same panoramic image was presented again under identi-
cal conditions. Throughout both trials, eye-tracking data
were recorded continuously. Observers noted behavioral
compliance, and caregivers provided feedback about the
child’s comfort and engagement.

All procedures adhered to the ethical principles of the
Declaration of Helsinki. Parents or guardians provided
written informed consent, and children gave verbal assent
prior to participation. Participants were reminded of their
right to withdraw at any time without penalty. All data
were anonymized, and video recordings were securely
stored.

Raw eye-tracking data were filtered to remove artifacts,
such as blinks or calibration loss. Fixations shorter than
80 milliseconds were excluded as noise, consistent with
established guidelines [14].
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Outcome measures

1. Fixation duration (s): Total time spent fixating on
task-relevant AOlIs.

2. Number of distractor fixations: Frequency of fixa-
tions within predefined distracting AOlIs.

3. Heat map distributions: Visual representation of ag-
gregated gaze points, analyzed qualitatively for consis-
tency across trials.

Statistical analysis

Descriptive statistics were computed for all measures
(Mean+SD).

Test—re-test reliability was assessed using Pearson ICC
(r) to examine the linear association between Trial 1 and
Trial 2 measures. Intraclass (ICC; two-way mixed effects
model, absolute agreement) were calculated to assess the
reliability of repeated measures.

Bland—Altman analysis was also used to visualize agree-
ment and identify systematic biases. The significance
threshold was set at P<0.05. Analyses were performed
using SPSS software, version 27.0 (IBM Corp., Armonk,
NY, USA).

Results
Participant characteristics

A total of 16 children with ADHD participated in the
study, including 10 boys (62.5%) and 6 girls (37.5%).
The mean age was 9.9 years (range: 8-12 years). All
participants successfully completed both trials, and gaze
data were captured for 100% of sessions, confirming the
feasibility of using a desktop-mounted eyetracking device
in this population. No participants were excluded due to
calibration difficulties or data quality issues.

Descriptive statistics

Eye-tracking metrics for fixation duration on task-rele-
vant areas and number of distractor fixations were com-
puted for both trials (Table 1).

Children spent an average of 4.3 seconds fixating on
task-relevant areas during Trial 1 and 4.4 seconds during
Trial 2. The number of distractor fixations averaged 3.0
in Trial 1 and 3.1 in Trial 2. These values indicate highly
similar attentional patterns across the two trials.

Scientific Journal of
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Test—re-test reliability

Correlation and intraclass ICC confirmed strong test—
retest reliability for both fixation duration and distractor
fixations. Fixation duration: r=0.79, ICC=0.76 (95% CI,
0.62%, 0.87%); distractor fixations: r=0.81, ICC=0.80
(95% CI, 0.67%, 0.89%).

Both indices exceeded the conventional threshold for
good reliability (ICC>0.75), demonstrating consistent
gaze behavior across the 15-minute interval.

Scatterplot analysis

Scatterplots were generated to visualize the relationship
between Trial 1 and Trial 2 scores.

Figure 1 shows fixation durations across the two trials.
Most data points cluster along the identity line (y = x),
indicating strong agreement.

Figure 2 shows the number of distractor fixations across
trials, demonstrating close clustering around the line of
equality.

These plots support the reliability statistics, showing
that higher values in Trial 1 were strongly predictive of
higher values in Trial 2.

Bland-altman analysis

Bland-Altman plots were used to assess agreement
between trials. For fixation duration, mean differences
between trials were negligible (—0.05 seconds), with lim-
its of agreement within +£0.5 seconds. For distractor fixa-
tions, the mean difference was 0.1 fixations, with limits of
agreement within +1 fixation. No systematic biases were
observed, indicating stable measurement across repeated
sessions.

Heat map consistency

Qualitative analysis of heat maps generated by the eye
tracker revealed highly consistent patterns of visual atten-
tion across trials. In both trials, children’s gaze concen-
trated strongly on salient distractors, particularly brightly
colored wall posters and cluttered shelves located in the
periphery of the panoramic images. Task-relevant re-
gions, including the therapist’s desk and central play area,
consistently attracted fixation, though less intensively
than distractor zones. Heat maps from Trial 1 and Trial
2 were nearly indistinguishable, demonstrating reproduc-
ibility of attentional distribution (Figure 1, 2, 3).
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Table 1. Descriptive statistics and reliability of eye-tracking Metrics (n=16)

Mean+SD
Variables Pearsonr 1CC (95% ClI) P
Trial 1 Trial 2
Fixation duration on task (s) 4.310.5 4.4+0.4 0.79 0.76 (0.62-0.87) <0.001
Distractor fixations (#) 3.0£1.2 3.1+1.1 0.81 0.80 (0.67-0.89) <0.001

Abbreviations: ICC: Intraclass correlation coefficient; CI: Confidence interval.

These findings suggest that environmental features exert
consistent influence on the attentional allocation of chil-
dren with ADHD and that eye tracking reliably captures
these effects. Also these results provide strong evidence
that desktop-based eye-tracking technology can reliably
quantify distraction in rehabilitation and home-like envi-
ronments for children with ADHD.

Discussion

The findings of this study provide strong evidence for
the feasibility and reliability of eye-tracking technology in
detecting distracting visual features in simulated rehabili-
tation and home environments for children with ADHD.
Across two trials separated by 15 minutes, both fixation
duration and number of distractor fixations demonstrated
high test-re-test reliability, with correlations exceeding
0.80 and intraclass ICC above 0.80. Heat maps further
supported these quantitative results, showing consistent

Figure 1. Scatterplot of fixation durations across two trials (n=16)
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gaze distributions across trials. Taken together, these re-
sults suggest that eye-tracking can serve as a robust and
repeatable method for quantifying attentional distraction
in ADHD populations [10, 12, 15].

This study aimed to establish whether children with
ADHD could reliably complete an eye-tracking protocol
in a controlled experimental setting. The results indicate
clear feasibility: all 16 participants completed both tri-
als successfully, and the device was able to capture gaze
data with minimal calibration issues. This is noteworthy
because children with ADHD are often restless or inat-
tentive, raising concerns about whether they could sit
through even short trials. The fact that all children were
able to engage with the 8-second panoramic stimulus and
produce analyzable data demonstrates that desktop eye
trackers can be effectively used in this population.

Scientific Journal of
Rehabilitation Medicine

Mehrshahi Sh. Eye-Tracking for Detecting Visual Distractions in Children With Attention-Deficit/Hyperactivity Disorder. Sci J Rehab Med. 2026; 15(1):52-69.



http://medrehab.sbmu.ac.ir/issue_1066_1067.html

Scientific Journal of

Scientific Journal of

Figure 2. Scatterplot of number of distractor fixations across two trials (n=16)

The use of panoramic, high-resolution images of real en-
vironments likely contributed to feasibility by maintain-
ing ecological validity. Rather than abstract or artificial
stimuli, children viewed naturalistic images that closely
resembled the settings where they typically undergo ther-
apy or spend time at home. This approach increases the
clinical relevance of the findings and suggests that eye-
tracking could be applied directly in the assessment of
actual rehabilitation rooms.

Test—re-test reliability is a cornerstone of any measure-
ment tool intended for clinical or applied use. In this study,
both fixation duration on task-relevant areas and the num-
ber of distractor fixations exhibited strong reliability. Fixa-
tion durations were highly correlated across trials (=0.79,
ICC=0.76), while distractor fixations showed even stron-
ger consistency (r=0.81, ICC=0.80). These results align
with reliability standards in psychometric testing, where
ICC values above 0.75 are considered “good” and those
above 0.90 “excellent” [16, 17]. The strong reliability ob-
served here indicates that attentional allocation in children
with ADHD is not purely random but shows stable pat-
terns when presented with the same environment, even
with a short delay. This aligns with studies that suggest
distractors consistently capture attention in ADHD [8,
15], and supports the idea that modifying environments
may reduce unnecessary cognitive load. This suggests
that environmental distractors such as posters, bright ob-
jects, or cluttered shelves exert consistent effects on visual
attention. Clinically, this stability is encouraging: it means

that environmental features identified as distractors can
be reliably targeted for modification, and that repeated as-
sessments can track the impact of such modifications with
confidence.

Previous studies have used eye-tracking to characterize
attentional abnormalities in ADHD. For example, Yoo et
al. (2024) [12] found that children with ADHD exhibited
shorter fixation durations and more frequent saccades
compared to typically developing peers when viewing
visual arrays. Similarly, Seidel et al. (2011) [15] reported
that children with ADHD showed reduced attentional sta-
bility during computerized tasks. However, these studies
primarily examined cognitive correlates of ADHD rather
than environmental influences. Our study extends this
literature by demonstrating that eye-tracking metrics in
ADHD are not only valid but also reliable when applied
to real-world contextual stimuli.

In addition, research in autism spectrum disorder has
shown consistent gaze avoidance patterns toward social
stimuli across repeated exposures [10]. Our findings par-
allel this work by confirming that children with ADHD
also show reproducible gaze patterns, though directed
toward environmental distractors rather than social cues.
This cross-condition consistency strengthens the case for
eye-tracking as a generalizable tool for studying atten-
tional allocation in neurodevelopmental disorders.
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Figure 3. Eye tracking heatmap from two test sessions in one of the samples.

The clinical implications of these findings are signifi-
cant. First, eye-tracking provides clinicians with an ob-
jective method for assessing the degree to which envi-
ronmental features distract children with ADHD during
therapy. This moves beyond subjective therapist obser-
vations, which may vary across individuals, to provide
quantifiable data. Second, because the tool has demon-
strated good reliability, it can be used to evaluate the ef-
fectiveness of environmental modifications. For instance,
if a therapy room is redesigned to reduce visual clutter,
clinicians could use eye-tracking to confirm whether chil-
dren’s fixation durations on task-relevant stimuli increase
across repeated sessions.

Moreover, eye-tracking technology presents valuable
opportunities for advancing therapeutic and educational
interventions for children with sensory processing and
learning difficulties. Within rehabilitation centers, eye-
tracking can be integrated into sensory integration ther-
apy to objectively detect sources of overstimulation and
monitor gaze behaviors, enabling clinicians to system-
atically remove and gradually reintroduce sensory stimuli
in a controlled manner. This approach facilitates more
adaptive sensory responses and improved engagement
in therapy. Beyond clinical practice, in special education
settings, eye-tracking can assist educators in identifying
distracting visual elements within the classroom environ-
ment, allowing for the optimization of spatial design to
enhance focus and learning outcomes. Collectively, these
applications underscore the potential of eye-tracking as
a data-driven tool for tailoring interventions, promoting
individualized care, and enhancing developmental and
educational progress among children with special needs.

Conclusion

In summary, this study demonstrates that eye-tracking
technology is both feasible and reliable for detecting dis-
tracting visual elements in rehabilitation and home-like
environments for children with ADHD. The strong test—
re-test reliability observed supports its use as an objective
assessment tool. Clinicians, educators, and designers can
leverage these findings to create more supportive envi-
ronments that reduce distractions and enhance therapeu-
tic outcomes. Ultimately, by systematically incorporating
eye-tracking data into environmental design and rehabili-
tation planning, we can move toward more personalized
and effective care for children with ADHD.

Despite these promising results, several limitations
must be acknowledged. First, the sample size was modest
(n=16), which may limit the generalizability of the find-
ings. Future studies with larger, more diverse samples are
needed to confirm reliability across age ranges, ADHD
subtypes, and cultural contexts. Second, the study only
tested short-term reliability with a 15-minute interval.
While sufficient to demonstrate immediate stability, lon-
ger-term reliability (e.g. across days or weeks) remains to
be investigated.

Building on these findings, several avenues for future
research emerge. Longitudinal studies should investigate
whether repeated eye-tracking assessments can moni-
tor changes in attentional allocation as children undergo
therapy or medication treatment. Integrating eye-tracking
with other modalities, such as physiological measures of
arousal or behavioral performance metrics, could provide
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a richer understanding of distraction. Advances in wear-
able and mobile eye trackers may also allow for in situ
assessments directly in classrooms or therapy rooms, fur-
ther bridging research and practice.

Ethical Considerations
Compliance with ethical guidelines

All procedures adhered to the ethical principles of the
Declaration of Helsinki. Parents or guardians provided
written informed consent, and children gave verbal assent
prior to participation. Participants were reminded of their
right to withdraw at any time without penalty. All data
were anonymized, and video recordings were securely
stored. Because the intervention involved only passive
viewing of images, risks to participants were minimal.
The eye-tracking system is non-invasive and poses no
physical harm. Care was taken to ensure that the task
duration was short and engaging, minimizing fatigue or
frustration.
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1. Attention-Deficit/Hyperactivity Disorder (ADHD)
2. Eye Tracking System
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9. Area Of Interest (AOI)
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4. Fixation Duration

5. AOls

6. Distracting AOls

7. Heat Map Distribution

8. Diagnostic and Statistical Manual of Mental Disorders (DSM
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10. Two way mixed, absolute agreement
11. Bland-Altman

35585 0355 b 31 55193 (S y0 (ot luslind 13 by (o103 (559U (AL 9 (ARl o 53U o0 LS


http://medrehab.sbmu.ac.ir/

Y0 yloss N0 090 NP Caguins )l 5 (333959

T

w93 5 Jol osesl polie gl Ll Gl jshaied

UL.,...' Cugs 90y |) oK s OLA}QM ) o)L»..i‘: peas

A, 1B (Y =X) (5,0l oz olacal yo ooy blas yiion oo o
| wy 99 ul...a YL. M/" A 9 d.vu:u GMQQL&J as

N=VP) (yg05] Cugi 90 50 oS oS oy oo (SaiSTyy Sog0i ) g auad

(A0% Cl:+[$Y-+ AV clCC= /Y5 =+ 1Y) 285 CorlS oo

(ACC=+/A+ r=2IAY) 535 105 odibjep oloe » Canis
(A% Cl:+/#Y-+/AQ

(CC>+IV0) o3 (bl (6l Bl ailin] 5| asLisgo o

b oSS Glagsl o 4z BB LS earmslis wzs, 58

0=V7) 9031 Cagi 93 50 35 o5 00iijetyy Joloe 1 Copnts olaas (SuiSTyy 390 ¥ g

35905 0355 b 1 (531093 (S yov0 (ot luslind 3 abicr (o113 (519U (bl 9 (ARl o 53U o0 L



http://medrehab.sbmu.ac.ir/

105l N8 0590 NP8 a9 (0598

* *
(0=1) iz b3y sloasls bl 5 siogs ol ) Jgsa
. . . Lnacs! ot i Sile
P uﬂ(wow)*w g el it Sl -
40% CI Susod ) ) *
’ ¥ ool Y 9o

<oloo (+[AV=-[$¥) -5 VA e YIFE-/ (45) o o0
el (+/AR=-[5V) IA- Ay YR e ot a5

35S (s o1 50 55 a8 D aiz e o S iz 055 4y
p55 3 Jsl 093l 3 ol () gloasis og: oo Jelye
Sl 9 6 S o Lis g9d9e (nl g o LaSG L 5

(Vo )leds pgad) Col (55l 4z g8 @598 555l o

S

-

iyl b o seSiore alg aslllas ol slaazsl
Gra GB Shy plelid )0 piar b3y 6,9k T bk
EF0ly eadigiluand gl 1 S 568 odiijen
el g0 je o 1ol aids 10 alold b aS (903l Cogs
Mb‘@j@jbbﬁ@‘yﬁb&wuu)uda
isls las Y y9e3lilmagesl (bl eolie Jelye oSS
PR COWOY YUTEW-PRY ) S NSRRI COWOV SUN| JW-PL P " '8
el caws 4y JAe 5l YL gladdo gy

d‘i“"l’ S Syged | leadly ol 5 Sl sleasds
2als Lias Cugi g0 y0 1, oSS mu 598 5l spolin slagSl g ais S

&\53‘54 P o_gl.io) aS ol QT Jeive @L.» Q.’J Egomo
Srols Ol Gl Glp (Sae 9 23185 (58 )3
DV AY o o] wsb ADHD 4y i lacanes o s

12. Feasibility
13. Reliability
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14. Ecologic Validity
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