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ABSTRACT

Background: Children with autism spectrum disorder frequently experience difficulty recognizing facial
expressions, interpreting emotional cues, and responding appropriately to social situations, which can
affect communication, classroom participation, family interaction, and peer relationships. Augmented
reality may support emotional learning by providing structured, visual, interactive, and repeated
practice within a therapist-guided environment. Objective: To evaluate the influence of augmented
reality-based emotional training on emotional recognition, empathy response, and social interaction
among children with autism spectrum disorder in Peshawar, Pakistan. Methods: A controlled pre-test
and post-test study was conducted among 40 children with diagnosed autism spectrum disorder aged 6-
12 years. Participants were divided into an augmented reality plus routine therapy group and a routine
therapy-only control group, with 20 children in each group. The intervention was delivered for eight
weeks, with three sessions per week. Emotional recognition, empathy response, and social interaction
were assessed before and after the intervention using structured tasks, therapist-rated assessment,
observation, and caregiver feedback. Results: After eight weeks, the augmented reality group showed
greater improvement than the control group across all outcomes. Emotional recognition improved from
13.4 £ 4.2 t0 22.6 + 3.8 in the augmented reality group compared with 13.1 + 4.4 to 15.0 + 4.2 in the control
group. Empathy response increased from 16.7 + 5.1 to 28.4 + 4.6 compared with 16.2 + 5.4 to 18.0 + 5.2,
while social interaction improved from 12.9 + 4.0 to 21.8 + 4.3 compared with 12.6 + 4.1 to 14.3 = 4.0.
Conclusion: Augmented reality-based emotional training was associated with greater short-term
improvement in emotional recognition, empathy-related responses, and social interaction among
children with autism spectrum disorder when used alongside routine therapy. The findings support
augmented reality as a practical adjunctive tool for structured socio-emotional learning in rehabilitation
and special education settings. Keywords: Autism spectrum disorder; augmented reality; emotional
recognition; empathy response; social interaction; children; Peshawar; Pakistan.

INTRODUCTION

Autism spectrum disorder is a neurodevelopmental condition characterized by persistent difficulties in
social communication, social interaction, restricted or repetitive patterns of behaviour, and atypical
sensory responses. The clinical presentation varies widely across children, with some demonstrating
fluent speech but impaired social reciprocity, while others require substantial support for
communication, adaptive behaviour, and daily functioning. Current global estimates indicate that autism
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spectrum disorder affects approximately 1 in 100 children worldwide, although reported prevalence
differs across regions because of variation in awareness, diagnostic practices, surveillance systems, and
access to developmental services (1,2). Recent surveillance data from high-income settings have shown
increasing identification of autism spectrum disorder among children, reflecting broader diagnostic
recognition, improved screening, and expansion of service pathways (3). Despite these advances, children
with autism spectrum disorder continue to experience significant barriers in emotional understanding,
peer interaction, classroom participation, and family communication, particularly in settings where

specialized developmental and rehabilitation services remain limited (4).

A central difficulty in autism spectrum disorder is impaired emotional processing, which refers to the
ability to identify, interpret, label, and respond appropriately to emotional cues such as facial expressions,
tone of voice, gestures, and social context. Many children with autism spectrum disorder have difficulty
recognizing basic emotions, including sadness, anger, fear, surprise, and disgust, and these difficulties
may become more pronounced when emotions are embedded within dynamic social situations rather
than presented as isolated facial images. Evidence from systematic reviews and meta-analyses indicates
that children and adolescents with autism spectrum disorder often perform less accurately than typically
developing peers on facial emotion recognition tasks, although the magnitude of impairment varies
according to task characteristics, developmental level, language ability, and cognitive profile (5,6). These
emotional processing difficulties can affect reciprocal communication, friendship formation, classroom

adjustment, and adaptive social behaviour, making them clinically important targets for intervention.

Empathy-related functioning is also an important component of social development in children with
autism spectrum disorder. Empathy is multidimensional and includes both cognitive empathy, which
involves understanding another person’s thoughts or feelings, and affective empathy, which involves
sharing or responding emotionally to another person’s experience. Research suggests that children with
autism spectrum disorder may show greater difficulty with cognitive aspects of empathy and social
inference than with emotional concern itself, indicating that empathy should not be interpreted as
absent but rather as differently expressed and often constrained by challenges in reading social cues (7).
This distinction is important for intervention design because therapeutic goals should not aim to force
neurotypical social behaviour, but rather to support children in recognizing emotional signals,
understanding simple social situations, and developing practical response strategies in a respectful,
structured, and developmentally appropriate manner.

Traditional interventions for children with autism spectrum disorder include behavioural, educational,
communication-based, occupational therapy, speech therapy, parent-mediated, and social skills
approaches. These interventions may improve communication, adaptive behaviour, social engagement,
and functional participation when delivered consistently and individualized to the child’s needs (8,9).
However, implementation often requires trained professionals, repeated sessions, caregiver involvement,
financial resources, and access to specialized services. In low- and middle-income countries, including
Pakistan, families may face delayed diagnosis, limited availability of trained therapists, school exclusion,
social stigma, caregiver stress, and financial strain. Local studies from Pakistan have highlighted gaps
in autism awareness among parents and healthcare professionals, caregiver burden, and difficulties in
accessing structured services for children with autism spectrum disorder (10,11). In Peshawar and
similar settings, these barriers create a need for supportive, low-cost, culturally adaptable interventions
that can be integrated into routine therapy and home-based practice.

Augmented reality is an emerging technology-based approach that may address some of these
intervention challenges by combining real-world environments with digital visual cues, animations,
sounds, labels, prompts, and interactive tasks. Unlike fully immersive virtual reality, augmented reality
allows children to remain connected with the therapist, caregiver, classroom, or therapy room while
receiving structured digital support. This feature may be particularly useful for children with autism

spectrum disorder because many benefit from visual learning, repetition, predictability, immediate
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feedback, and reduced ambiguity in social situations. Augmented reality can present facial expressions,
emotion labels, social stories, role-play scenarios, and stepwise prompts in an engaging format,
potentially helping children practise emotional recognition and empathy-related responses before
applying them in real-life interactions (12,13).

Previous studies have explored augmented reality and related technology-supported interventions for
children and adolescents with autism spectrum disorder, including applications targeting pretend play,
attention, social communication, facial cue recognition, emotional expression, and socio-emotional
coaching. Augmented reality-based self-facial modelling has been reported to support emotional
expression and social skills, while augmented reality video-modelling storybooks have been used to
teach nonverbal facial cues and emotion recognition. Smartglasses-based systems have also been
investigated for social communication coaching, gaze-based emotion recognition, and socio-emotional
learning in children with autism spectrum disorder (14). Systematic reviews suggest that augmented
reality interventions show promising effects on social interaction, attention, communication, learning,
and emotional skills; however, the existing evidence remains limited by small samples, short
intervention periods, heterogeneous outcome measures, limited follow-up, and relatively few controlled
experimental studies (12,15).

The current evidence gap is especially important in Pakistan, where most autism-related research has
focused on awareness, parental stress, caregiver burden, healthcare knowledge, or genetic risk rather
than directly testing culturally adapted therapeutic interventions for children with autism spectrum
disorder. There is limited experimental evidence on whether augmented reality-based emotional
training can improve emotional processing, empathy-related behaviour, and social interaction among
Pakistani children with autism spectrum disorder. This gap is clinically relevant because digital tools
that are low-cost, visually engaging, therapist-guided, and adaptable to Urdu or Pashto language support
may improve access to structured emotional learning in rehabilitation centres, special education
settings, and home programmes.

Therefore, the present study was designed to evaluate the influence of augmented reality-based
emotional training on emotional processing and empathy-related social behaviour among children with
autism spectrum disorder aged 6-12 years in Peshawar, Pakistan. Using a pre-test and post-test controlled
design, the study compared children receiving augmented reality-based emotional training in addition
to routine therapy with children receiving routine therapy alone. The primary focus was to determine
whether repeated augmented reality-supported activities could improve recognition of basic emotions,
understanding of simple social situations, empathy-related responses, and observed social interaction.
The study was based on the hypothesis that children receiving augmented reality-based emotional
training plus routine therapy would demonstrate greater improvement in emotional recognition,
empathy response, and social interaction than children receiving routine therapy alone.

MATERIALS AND METHODS

This study was conducted as a controlled pre-test and post-test experimental study to evaluate the effect
of augmented reality-based emotional training on emotional processing, empathy-related responses, and
social interaction among children diagnosed with autism spectrum disorder. The study was carried out
in selected autism rehabilitation centres, occupational therapy clinics, and special education settings in
Peshawar, Pakistan, over a four-month period. A controlled design was selected to compare changes over
time between children who received augmented reality-based emotional training in addition to routine
therapy and children who continued routine therapy alone.

The study population consisted of children with a confirmed diagnosis of autism spectrum disorder who
were living in Peshawar and receiving therapy or rehabilitation services at participating centres.
Children of both genders were eligible for inclusion if they were between 6 and 12 years of age, had a

confirmed diagnosis of autism spectrum disorder made by a paediatrician, psychiatrist, psychologist, or
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developmental specialist, were able to follow simple one-step visual or verbal instructions with minimal
support, could sit for at least 10 to 15 minutes during a structured activity, and had parental or guardian
consent for participation. Children were excluded if they had severe visual or hearing impairment that
could interfere with augmented reality-based tasks, uncontrolled epilepsy, severe aggressive behaviour
that prevented safe participation, serious intellectual disability limiting engagement with the
intervention, medical instability, or previous exposure to structured augmented reality-based emotional
training within the preceding six months (4).

Participants were selected through purposive sampling from eligible children attending the selected
centres and clinics. After baseline assessment, 40 children were included and divided into two groups of
20 participants each. The experimental group received augmented reality-based emotional processing
training in addition to their ongoing routine therapy, while the control group continued routine therapy
only. The groups were kept comparable as far as possible with respect to age, gender, school status, autism
severity features, and previous therapy history. Routine therapy included services already being received
by the children, such as occupational therapy, speech therapy, behavioural therapy, or special education
support, and this therapy continued during the study period.

Data were collected using a structured demographic form, a facial emotion recognition task, a therapist-
rated empathy and social response checklist, and structured observation of social interaction during
therapy-based activities. The demographic form recorded age, gender, school status, birth order, family
type, diagnostic history, previous therapy exposure, and screen exposure. Emotional processing was
assessed through a facial emotion recognition task in which children were shown different facial
expressions and asked to identify the emotion either verbally or by pointing to the correct emotion card.
The emotions assessed included happiness, sadness, anger, fear, surprise, and calmness. Scores were
assigned according to correct identification of the presented emotions. Empathy-related behaviour was
assessed using a therapist-rated checklist that included responses such as recognizing sadness or anger
in another person, responding when another person appeared upset, sharing attention, showing concern,
and responding appropriately to short social stories. Caregiver feedback was also obtained to document
observed behavioural changes in home settings. Social interaction was assessed through direct
observation of eye contact, joint attention, turn-taking, response to name, imitation, participation in
shared activity, and response to therapist prompts.

All baseline assessments were performed individually in a quiet therapy room before the start of the
intervention. The assessment room was arranged to minimize sensory distraction, with low noise,
adequate lighting, appropriate seating, and limited visual clutter. The same assessment procedures were
used at baseline and after completion of the eight-week intervention period to maintain consistency in
measurement. Children were assessed under similar environmental conditions at both time points, and
scoring was performed according to the same criteria used during the baseline evaluation.

The experimental intervention was delivered for eight weeks, with three sessions per week. Each session
lasted approximately 30 to 40 minutes, depending on the child’s attention span, tolerance, and
behavioural state on the day of the session. Sessions were conducted by a trained occupational therapist
or rehabilitation professional. A tablet-based augmented reality application was used to present
animated facial expressions, emotion labels, short social stories, role-play situations, and picture-based
emotion tasks. The child sat with the therapist during the session, and caregivers were allowed to observe
selected sessions so that similar activities could be reinforced during home practice.

Each intervention session began with a brief warm-up activity using simple emotion cards. The therapist
asked the child to name, match, or point to the target emotion before starting the augmented reality
task. During the augmented reality activity, the child viewed animated emotional expressions and short
social situations on the tablet. The therapist provided structured prompts using simple questions such
as asking how the character was feeling, why the character might feel that way, what response would be
appropriate, and whether the child could imitate the facial expression. Positive reinforcement was
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provided after correct responses or meaningful attempts, including verbal praise, clapping, smiley
stickers, or a short preferred activity. Sessions were adjusted according to the child’s sensory tolerance

and attention level, and breaks were provided when the child became tired, distressed, or overstimulated.

The intervention progressed in stages across the eight-week period. During the first two weeks, the focus
was on recognition of basic emotions, including happiness, sadness, anger, fear, surprise, and calmness.
During weeks three and four, children practised matching emotions with simple social situations, such
as identifying sadness after a toy was broken or recognizing happiness during play. During weeks five
and six, children practised simple empathy-related responses, including helping, saying sorry, asking
whether someone was okay, sharing, or approaching a person who appeared upset. During the final two
weeks, children practised applying emotional recognition and empathy-related responses in short
therapist-guided role-play activities. The control group received routine therapy only and did not
participate in augmented reality-based emotional training during the study period.

The main study outcomes were emotional recognition score, empathy response score, and social
interaction score. Emotional recognition referred to the child’s ability to correctly identify basic
emotional expressions. Empathy response referred to the child’s ability to recognize and respond to
another person’s emotional state during checklist-based and story-based tasks. Social interaction referred
to observable participation in shared activity, including attention, response to name, turn-taking,
imitation, and therapist-directed interaction. The primary comparison was the change in these outcome
scores from baseline to post-intervention between the experimental and control groups.

Several procedural steps were used to improve consistency and reduce measurement variability.
Assessments were conducted in a low-distraction therapy environment using the same assessment
approach before and after the intervention. The same outcome domains were measured at both time
points. Both groups continued their existing routine therapy, and previous therapy history was recorded
at baseline. Children in the experimental group received a structured intervention schedule with fixed
frequency and duration across eight weeks. Therapy sessions followed a staged progression from basic
emotion recognition to social situation interpretation, empathy response practice, and guided role-play
application. Sessions were shortened or paused when a child showed signs of fatigue, distress, or sensory
overload, allowing participation to remain safe and child-centered.

Data were entered and analysed using SPSS version 26. Frequencies and percentages were calculated for
categorical variables, including gender, age group, school status, autism severity features, and therapy
history. Means and standard deviations were calculated for continuous variables, including age and
outcome scores. Baseline characteristics were compared between the experimental and control groups
to assess group comparability before the intervention. Pre-test and post-test scores were compared within
each group for emotional recognition, empathy response, and social interaction. Post-intervention
differences and changes from baseline were used to evaluate whether improvement was greater in the
experimental group than in the control group. A p-value of less than 0.05 was considered statistically
significant.

Ethical permission was obtained from the concerned institution before data collection. Written informed
consent was obtained from parents or guardians before enrolment. Children were provided a simple
verbal explanation according to their level of understanding. Participation was voluntary, and parents or
guardians were informed that they could withdraw their child at any stage without affecting routine
therapy services. Confidentiality was maintained by assigning codes to participants and avoiding the use
of names in the data sheet. The augmented reality activities were non-invasive, child-friendly, and
conducted under professional supervision. Sessions were stopped, shortened, or paused if a child became
distressed, tired, or overstimulated.
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Children with confirmed
ASD assessed for eligibility
Selected autism
rehabilitation centres,
occupational therapy
clinics,
and special education
settings in Peshawar,
Pakistan

Eligible and enrolled
n =40
Age 6-12 years; able to
follow simple instructions;
parent/guardian consent
obtained

Allocated to Augmented
Reality + Routine Therapy
n=20

Allocated to Routine
Therapy Only
n=20

Received AR-based
emotional training +
routine therapy
8 weeks; 3 sessions/week;
30-40 minutes/session
n=20

Received routine therapy
only
Occupational, speech,
behavioural, or special
education support
n=20

Completed intervention
and post-test assessment
n=20
Dropout = 0

Completed post-test
assessment
n=20
Dropout = 0

Main outcome pattern
Greater improvement in AR
group across all outcomes:
Emotional recognition +9.2

vs +1.9
Empathy response +11.7 vs
+1.8

Social interaction +8.9 vs
ot/

Fgure 1. CONSORT Flow Diagram of Participant Allocation, Follow-Up, and Analysis in the Augmented Reality Intervention
Study

RESULTS

A total of 40 children with autism spectrum disorder completed the study, with 20 participants in the
augmented reality plus routine therapy group and 20 participants in the routine therapy-only group. No
participant dropout was reported during the intervention period. The mean age was similar between
groups, with children in the augmented reality group having a mean age of 8.65 + 1.76 years and children
in the control group having a mean age of 8.80 + 1.64 years. Boys represented the majority of participants
in both groups, accounting for 75.0% of the augmented reality group and 70.0% of the control group.
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Baseline distributions of age category, gender, school status, autism severity features, and regular therapy

history were comparable between groups, with all reported p-values above 0.05.

Table 1. Baseline Demographic and Clinical Characteristics of Children with Autism Spectrum Disorder

Variable Augmented Reality + Routine Therapy (n=20)  Routine Therapy Only (n=20)  p-value
Mean age, years 8.65+ 1.76 8.80 = 1.64 0.78
Boys 15 (75.0%) 14 (70.0%) 0.72
Girls 5 (25.0%) 6 (30.0%) 0.72
Age 6-8 years 11 (55.0%) 10 (50.0%) 0.75
Age 9-12 years 9 (45.0%) 10 (50.0%) 0.75
Attending special school 11 (55.0%) 10 (50.0%) 0.75
Attending mainstream school 4 (20.0%) 5 (25.0%) 0.70
Not attending school 5 (25.0%) 5 (25.0%) 1.00
Mild ASD features 5 (25.0%) 4 (20.0%) 0.70
Moderate ASD features 12 (60.0%) 13 (65.0%) 0.74
Severe ASD features 3 (15.0%) 3 (15.0%) 1.00
Receiving regular therapy 16 (80.0%) 15 (75.0%) 0.70

At baseline, emotional recognition scores were low and closely matched between groups. The
augmented reality group had a baseline emotional recognition score of 13.4 = 4.2, while the control
group had a score of 13.1 + 4.4. After eight weeks, the augmented reality group improved to 22.6 + 3.8,
representing a mean increase of 9.2 points, whereas the control group improved to 15.0 + 4.2,
representing a mean increase of 1.9 points.

The within-group change was statistically significant in the augmented reality group (p<0.001), while
the change in the control group was not statistically significant (p=0.081). The absolute difference in
mean improvement between groups was 7.3 points, favouring augmented reality-based training.

Empathy response showed the largest improvement among the three assessed outcomes. The
augmented reality group increased from 16.7 + 5.1 at baseline to 28.4 + 4.6 after intervention, giving a
mean gain of 11.7 points. In comparison, the control group increased from 16.2 + 5.4 to 18.0 £ 5.2, giving
a mean gain of 1.8 points. The within-group change was statistically significant in the augmented reality
group (p<0.001), but not in the control group (p=0.096). The mean improvement advantage for the
augmented reality group was 9.9 points, indicating that the greatest relative benefit of the intervention
was observed in empathy-related response behaviour.

Social interaction scores also increased more prominently in the augmented reality group. The mean
score increased from 12.9 + 4.0 before intervention to 21.8 + 4.3 after intervention, with a mean change
of 8.9 points and a statistically significant within-group difference (p<0.001). In the control group, the
mean score increased from 12.6 = 4.1 to 14.3 + 4.0, with a mean change of 1.7 points that was not
statistically significant (p=0.104). The between-group difference in mean improvement was 7.2 points in
favour of augmented reality-based training,

Table 2. Pre-Test and Post-Test Outcome Scores by Study Group

Outcome Variable  Group Pre-Test Post-Test Mean Within-Group  Difference in Mean
Mean + SD  Mean + SD  Change p-value Change Favoring AR
Emotional Augmented reality 134 + 4.2 226+3.8 9.2 <0.001 7.3
recognition score + routine therapy
Routine therapy 131+ 44 150+ 4.2 1.9 0.081 —
only
Empathy response  Augmented reality =~ 16.7 + 5.1 284+ 46 117 <0.001 9.9
score + routine therapy
Routine therapy 162+ 54 180+52 18 0.096 —
only
Social interaction =~ Augmented reality =~ 12.9 + 4.0 21.8+43 89 <0.001 7.2
score + routine therapy
Routine therapy 126+ 4.1 143+ 40 1.7 0.104 —
only

When the magnitude of improvement was compared across outcomes, the augmented reality group
showed consistently larger gains than the control group. The greatest improvement was observed in
empathy response, with an 11.7-point gain in the augmented reality group compared with a 1.8-point
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gain in the control group. Emotional recognition improved by 9.2 points in the augmented reality group
compared with 1.9 points in the control group, while social interaction improved by 8.9 points compared
with 1.7 points, respectively. These changes indicate a consistent intervention-associated advantage
across all measured emotional and social domains.

Table 3. Comparative Improvement Across Emotional and Social Outcomes

Outcome Variable Mean Change in Augmented Mean Change in Control Absolute Improvement
Reality Group Group Advantage

Emotional recognition score 9.2 19 7.3

Empathy response score 11.7 18 9.9

Social interaction score 8.9 17 7.2

Standardized post-intervention group differences also supported a large separation between the
augmented reality and control groups after eight weeks. Based on post-test mean differences and pooled
post-test standard deviations, the standardized mean difference was approximately 1.90 for emotional
recognition, 2.12 for empathy response, and 1.81 for social interaction. These values indicate that the
post-intervention differences were largest for empathy response, followed by emotional recognition and

social interaction.

Table 4. Post-Intervention Between-Group Differences and Standardized Effect Estimates

Outcome Variable Post-Test Mean + SD in Post-Test Mean + SDin  Post-Test Mean Standardized Mean
Augmented Reality Group Control Group Difference Difference

Emotional 226+38 150+ 4.2 7.6 1.90

recognition score

Empathy response 284+ 46 180+ 5.2 104 212

score

Social interaction 218+43 143 + 40 7.5 1.81

score

During therapy observations, children in the augmented reality group appeared more engaged during
screen-based interactive emotional learning than during conventional paper-based tasks. Several
children showed increased attention to animated facial expressions, pointed toward the screen,
attempted to imitate facial expressions, and responded to therapist prompts during guided emotional
scenarios.

Improvement was not uniform across all participants; children with better sitting tolerance and
moderate autism features appeared to show faster task engagement than children with more severe
attention and communication difficulties. Caregiver feedback was consistent with the observed post-test
improvements, with parents reporting increased recognition of happy and angry expressions in cartoons
or family situations and small empathy-related behavior’s such as approaching a crying sibling or
looking toward a caregiver using a sad tone.

Overall, the results showed greater post-intervention improvement in emotional recognition, empathy
response, and social interaction among children who received augmented reality-based emotional
training combined with routine therapy compared with children who received routine therapy alone.
The most pronounced gain was observed in empathy response, followed by emotional recognition and
social interaction.

The findings indicate that repeated, visually guided, therapist-supported augmented reality activities
were associated with clinically meaningful short-term improvement in emotional and social functioning
among children with autism spectrum disorder.
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Empathy +9.9 points  ({ &5% oo
Response Y 041 points/session
Emotional & A
: 5 gain;
Recognition +7.3 points 0,30 points/session
i +7.2 points @ 5.2x gain;
Interaction % 0.30 points/session

I Net AR-specific improvement
@  Bubble size reflects AR/control gain ratio

0 2 4 6 8 10 12
Net Additional Improvement With AR Training (Experimental Change ~ Control Change)

Figure 2. Outcome-Specific Added Benefit of Augmented Reality Emotional Training

The augmented reality group demonstrated a consistent added improvement advantage across all
measured domains after 24 intervention sessions, with the largest net gain observed for empathy
response at +9.9 points, corresponding to a 6.5-fold greater gain than routine therapy alone and an
average added benefit of 0.41 points per session. Emotional recognition showed a +7.3-point added
improvement, equivalent to a 4.8-fold greater gain and 0.30 points per session, while social interaction
showed a similar +7.2-point added improvement with a 5.2-fold greater gain and 0.30 points per session.
This gradient indicates that augmented reality-based emotional training was most strongly associated
with empathy-related behavioral response, while also producing clinically meaningful advantages in
emotion recognition and interactive social participation.

DISCUSSION

The present study found that children with autism spectrum disorder who received augmented reality-
based emotional training in addition to routine therapy demonstrated greater short-term improvement
in emotional recognition, empathy response, and social interaction than children who received routine
therapy alone. The pattern of improvement was consistent across all assessed domains, with the largest
mean gain observed in empathy response, followed by emotional recognition and social interaction. This
finding suggests that augmented reality may provide more than a simple visual aid; when delivered
through repeated, therapist-guided emotional scenarios, it may help children connect facial expressions
with social meaning and appropriate behavioral responses. The observed improvement is clinically
relevant because emotional processing and empathy-related responding are closely linked to daily
communication, peer interaction, classroom participation, and family functioning in children with
autism spectrum disorder.

The improvement in emotional recognition is consistent with previous evidence showing that children
with autism spectrum disorder often experience difficulty identifying facial expressions, particularly
when emotions are negative, subtle, or embedded in a social context. In the present study, baseline
emotional recognition scores were low in both groups, indicating that the two groups entered the
intervention with comparable difficulty in recognizing emotional cues. After eight weeks, the
augmented reality group showed a larger gain than the control group, suggesting that animated,
repeated, and visually structured emotional cues may have supported recognition of basic emotions
more effectively than routine therapy alone. This finding aligns with systematic reviews reporting that
augmented reality-based interventions can support social and cognitive learning in children and
adolescents with autism spectrum disorder, although the strength of evidence varies across studies

because of small samples, heterogeneous designs, and limited follow-up (16,17).
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One possible explanation for this improvement is that augmented reality makes abstract emotional
information more concrete and easier to practice. Emotional states such as sadness, fear, anger, and
surprise may be difficult for children with autism spectrum disorder to interpret when they are presented
only through natural social interaction, because real-life cues are often fast, subtle, and context-
dependent. Augmented reality can slow down this process by presenting a clear facial expression, pairing
it with a label, embedding it in a simple scenario, and allowing repeated practice under therapist
guidance. This structured visual presentation may reduce ambiguity and increase the child’s opportunity
to associate facial expressions with social situations. Similar mechanisms have been described in
augmented reality interventions targeting pretend play, facial cue learning, and social communication,
where digital overlays and interactive prompts help children engage with concepts that may otherwise
remain abstract or difficult to interpret (18,19).

The largest improvement was observed in empathy response, which increased more markedly in the
augmented reality group than in the control group. This finding is important because empathy-related
behaviour in autism spectrum disorder is often misunderstood. Difficulties in responding to another
person’s distress do not necessarily indicate lack of emotional concern; rather, they may reflect
challenges in recognizing emotional cues, interpreting another person’s mental or emotional state, and
selecting an appropriate response. In the present study, children practiced simple empathic responses
such as looking toward a sad person, saying “sorry,” asking whether someone was okay, helping, and
sharing during guided augmented reality scenarios. These activities may have supported cognitive
empathy and response planning by teaching children what an emotional situation means and what
action may be socially appropriate. This interpretation is consistent with multidimensional models of
empathy in autism spectrum disorder, which distinguish cognitive empathy from affective concern and
emphasize that autistic children may require structured support to translate emotional understanding
into observable social responses (20).

The improvement in social interaction also supports the potential role of augmented reality as an
engaging therapeutic support tool. Children in the augmented reality group showed better participation
in shared activities, attention to prompts, turn-taking, and response during therapist-guided tasks. These
changes may be partly explained by increased motivation and task engagement. Many children with
autism spectrum disorder respond well to predictable visual routines, interactive feedback, and repeated
practice, and these features were built into the intervention. The use of animated facial expressions,
sound, labels, and role-play scenarios may have increased attention and reduced avoidance compared
with static paper-based emotional learning activities. Previous studies using augmented reality and
smartglasses-based systems have similarly suggested that technology-supported socio-emotional
coaching may improve engagement, attention, and social communication when used in a structured and
supervised therapeutic setting (21,22).

The smaller improvement observed in the control group may reflect the continuing benefits of routine
therapy, repeated exposure to assessment tasks, maturation, caregiver involvement, or increased
familiarity with the therapy environment. However, the magnitude of change was consistently larger in
the augmented reality group across emotional recognition, empathy response, and social interaction.
This pattern suggests that augmented reality-based training may have provided an additional
therapeutic advantage beyond routine therapy alone. Importantly, the intervention was delivered as an
adjunct to existing therapy rather than as a replacement for therapist-led care. This distinction is
clinically important because children with autism spectrum disorder often require individualized
prompting, reinforcement, sensory regulation, and behavioural support during learning. The therapist’s
role in guiding attention, interpreting emotional content, reinforcing responses, and adjusting session
demands likely contributed to the observed outcomes.

The findings also have relevance for the local context of Peshawar and similar low-resource settings in

Pakistan. Families of children with autism spectrum disorder may face delayed diagnosis, limited access
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to trained therapists, financial barriers, social stigma, and lack of structured home-based intervention
resources. A tablet-based augmented reality programme may offer a practical supportive approach
because it can present emotional learning activities in a standardized, engaging, and repeatable format.
If adapted into culturally familiar scenarios and supported by Urdu or Pashto language prompts,
augmented reality could be integrated into rehabilitation centres, special education settings, and
caregiver-guided practice. Local acceptability is especially important because interventions are more
likely to be used consistently when they are affordable, understandable, and compatible with family
routines and available therapy services (23).

Although the results are promising, the findings should be interpreted within the methodological
boundaries of the study design. The sample size was small, and participants were selected from selected
rehabilitation and therapy settings, which may limit generalizability to all children with autism
spectrum disorder in Pakistan. The intervention period was limited to eight weeks, and long-term
maintenance of emotional recognition, empathy-related response, and social interaction skills was not
assessed. Some outcomes were based on therapist observation and caregiver feedback, which may be
influenced by observer expectation or familiarity with the child. In addition, children with better sitting
tolerance and moderate autism features appeared to engage more rapidly with the intervention,
suggesting that response to augmented reality training may vary according to attention span,
communication ability, sensory profile, and baseline developmental functioning.

Another important consideration is that improvement in structured therapy tasks does not automatically
ensure transfer to complex real-world social environments. Emotional learning in autism spectrum
disorder often requires repeated practice across people, settings, and situations. A child may learn to
identify sadness or anger on a tablet-based activity but may still need support to recognize the same
emotion in a sibling, classmate, parent, or teacher during spontaneous interaction. Therefore, the clinical
value of augmented reality may be greatest when digital emotional training is paired with therapist-led
role-play, caregiver coaching, classroom reinforcement, and home-based practice. This combined
approach can help bridge the gap between structured recognition tasks and functional social
communication in daily life.

Overall, the study supports augmented reality-based emotional training as a promising adjunctive
intervention for children with autism spectrum disorder. The strongest observed gain in empathy
response suggests that repeated visual scenarios may help children not only identify emotions but also
practise meaningful social responses. Improvements in emotional recognition and social interaction
further indicate that augmented reality may strengthen multiple related domains of socio-emotional
functioning. Within the local rehabilitation context, this approach appears especially useful when it is
simple, structured, culturally adaptable, therapist-guided, and integrated with routine occupational
therapy, speech therapy, behavioural therapy, and caregiver-supported practice.

CONCLUSION

This study concluded that augmented reality-based emotional training, when provided alongside routine
therapy, was associated with greater improvement in emotional recognition, empathy response, and
social interaction among children with autism spectrum disorder than routine therapy alone. The most
pronounced improvement was observed in empathy-related responses, suggesting that structured
augmented reality activities may help children connect emotional cues with appropriate social
behaviours such as looking toward a distressed person, naming the emotion, asking whether someone
is okay, or offering simple help. Improvements in emotional recognition and social interaction further
indicate that visually guided, repetitive, and therapist-supported augmented reality tasks can strengthen
multiple domains of socio-emotional functioning in children with autism spectrum disorder. In the
context of Peshawar, where many families face limited access to specialized autism services, augmented

reality may serve as a practical supportive tool for rehabilitation centres, special education settings, and
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caregiver-guided home practice, particularly when adapted to local language, culture, and therapy

routines. These findings support the use of augmented reality as an adjunct to, rather than a replacement

for, occupational therapy, speech therapy, behavioural therapy, and parent-mediated intervention.
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