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[Abstract] Objective: To investigate the effect of music therapy on eye movement characteristics of joint attention (JA)in children
with autism spectrum disorder (ASD) , providing an objective basis for clinical intervention. Methods: A randomized crossover design
was employed. Twenty-six ASD children aged 3—10 years were enrolled and randomly assigned to group A or B. They first received
either a music therapy intervention or a quiet-sitting control condition, and after a 7-day washout period, crossed over to the alternate
condition. Eye-tracking technology was used to record the time to first fixation (TFF)during a joint attention paradigm task (comprising
three conditions: Eye Gaze, Eye-Head, and Eye-Head-Gesture). Paired sample ¢-tests were applied to compare the effects of the music
intervention. Results: Following music therapy, the TFF for the total score across all conditions was significantly shorter compared to
the quiet-sitting control condition (1=—2.24, P=0.035, Cohen’ s d=—0.458). Specifically, the TFF in the Eye-Head-Gesture condition
was significantly shorter than in the control condition (:=-2.32, P=0.030, Cohen’s d=—0.485). Although the TFF in the Eye Gaze and
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Eye - Head conditions alone showed no statistically significant difference, the mean TFF was shorter than in the control

condition. Conclusion: Music therapy can significantly shorten the time to first fixation on joint attention targets in children with ASD,

suggesting that it may improve core social deficits by enhancing neural information processing efficiency. Eye movement characteristics

may serve as an objective indicator for evaluating the efficacy of music therapy.

[Key words] autism spectrum disorder; music therapy; joint attention; eye trackings time to first fixation
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Table 1

Inclusion and exclusion criteria for study participants

Inclusion criteria

Exclusion criteria

(D Han Chinese ethnicity

) Children diagnosed with ASD according to the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) criteria

(3 All participants must provide consent from their legal
guardians to participate in this study

@) Ability to meet the conditions for music therapy interven-

tion, such as no hearing impairment or visual impairment.

(DChildren with a history of definite head trauma

) Children with neurological or psychiatric disorders, such as epi-
lepsy or tic disorders

3 Use of medications affecting the central nervous system within
the past six months

(@ Participation in music therapy intervention programs within the
past six months

(®Visual impairment, including red—green color blindness in chil-

dren

E Joint attention eye-

tracking asscssment
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Figure 1 Music therapy implementation flowchart
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Table 2 Differentiated music therapy protocol based on children’s communication abilities

Dimension

Basic interaction model

Intermediate interaction model

Advanced symbolic interaction

model

Target participants

Non-verbal children

Core therapeutic goals To establish preliminary com-

Therapist” s role &

musical framework

Key techniques &

activity examples

Child’ s response &

participation forms

municative intent and joint at-
tention

To construct clear, predictable
“start-stop” musical structures;
to create communication oppor-
tunities through waiting and
prompting

(DSynchronization & imitation:
mimicking the child’ s breath-
ing, vocalizations, or movement
rhythms using guitar or voice

@ Musical contingency: music
begins when the child makes
eye contacl; using anticipatory
pauses to guide the child to “re-
quest” music continuation via

gaze, gestures, etc

Non-verbal behaviors:
® Eye contact

® Body orientation

® Gestures/actions

® Vocalizations

Children with partial non-verbal com-

munication abilities

To expand the diversity and initiative

of communicative behaviors

To design interactive, task - oriented
. o e [

musical activities; to serve as a “trig-
” ({3 . ”

ger” for responses and a “reinforcer

for behaviors

(D Turn - taking in play: engaging in
rhythmic dialogues with the childCe.g.,
“your turn, my turn”)

2 Controlling musical elements: guid-
ing the child to control the volume
(loud/soft) or tempo (fast/slow) of the
music through their playing

3 Action-music association: requiring
the child to perform a specified action
(e.g.» clapping) to initiate or change

the music

Proactive communicative behaviors:
® Actively playing instruments

® Executing specified actions

® [ntentional vocalizations

® Using picture exchange communica-

tion system (PECS)

Children with basic verbal commu-
nication abilities

To promote social cognition, ab-
stract thinking, and understanding

of rules

To embed musical interactions with-
in a pretend - play framework; to
serve as a play partner and a guide

to rules

(D Musical role - play: co - creating
stories where different instruments/
timbres represent different charac-
ters, with the child performing
(@Rule-based musical games: play-
ing games like “musical chairs” or
“freeze/move” to understand and
follow rules

@ Collaborative creation: co-impro-
vising a simple song or rhythmic pat-

tern

Verbal and complex behaviors:

® Using language to express and re-
spond

® Engaging in role-play

® Understanding and adhering to
rules

® Collaborating with the therapist

to complete tasks
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Figure 3 Eye-tracking paradigm for joint attention
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Figure 5 Eye-tracking data acquisition pipeline
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Figure 6 Example of delineating areas of interest on the stimulus screen
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Table 3 Descriptive statistics of eye movement indicators

Variable Music therapy(s,x +s) Control intervention(s,x + 5) ¢ P Power
Eye Gaze 391 +£0.81 4.54 £ 091 -0.532 0.601 -0.116
Eye-Head 3.42 +0.63 4.36 £ 0.70 -1.090 0.289 -0.222
Eyes-Head-Gesture 2.76 £ 0.43 5.52 £ 0.99 -2.320 0.030 -0.485

Total 9.86 = 1.09 14.38 +1.70 -2.240 0.035 -0.458
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