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• Autism Spectrum Disorder (ASD) is a common developmental disorder 
affecting approximately 1 in 59 children as of 20141

• Sensory processing difficulties frequent co-occur in children with ASD 
impacting occupational performance 2

• Sensory processing affects cognitive performance including attention.
• Numerous intervention approaches, including music therapy (MT), are used to 

address sensory dysfunction. 3,4

• Continued research is needed on efficacy and mechanism of change 5
• Electroencephalography (EEG) has been used to study neurological 

processing differences in children with ASD revealing atypical latency and 
amplitude of ERP components which change as a result of interventions.6,7

STUDY PURPOSE and RESEACH QUESTIONS
The purpose of this study is to investigate auditory processing in children with 
ASD as it relates to attention in comparison with typically developing peers and to 
evaluate the impact of music therapy on attention and neural processing.
1. How do children with ASD compare to TD peers on the TEA-Ch?
2. How do children with ASD compare to TD peers in EEG measures?
3. Does music therapy impact performance of a child with ASD on the TEA-Ch?
4. Does music therapy impact EEG measures of children with ASD? 
5. How do measures of attention on the TEA-Ch scores associate with variations 

in EEG magnitude and latency in children with ASD and TD peers?

Figure 1. ERP Components in the Sensory Registration Paradigm

ERP Components
P1–The first deflection from baseline after 
stimulus introduction.
N1–Associated with selective attention
P2–Typically indicates stimulus registration 
and varies with sound characteristics
N2–Sensitive to the intensity of a sound
P3–Linked with memory updating and 
attentional engagement with a stimulus
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METHODS
Participants
• 10 children with ASD completed two testing visits (pre and post) and 10 music 

therapy sessions (figure 2)
• Age: M =8.7yrs Range 5.4-12.6 yrs • Sex: 7 male / 3 Female

• 10 Typically developing (TD) age and sex-matched peers selected from a 
dataset maintained by the Brainwaves Research Lab 

Electrophysiological Measures
• EEG is a recording of voltage variation in the brain. 
• Multiple trials of stimulus presentation are averaged to create an 

event related potential (ERP) with component peaks (figure 1). 
• Data obtained with BioSemi Active Two EEG Acquisition
• EEG data processed with software and visual inspection to 

calculate amplitude and latency values for N1, P2, N2, P3  
Figure 2. Child wearing EEG cap

Sensory Registration Paradigm
• Passive listening to a presentation of 4 different tones (two intensities and two 

frequencies) in random order over 4 blocks with 100 stimuli/block.
• 1 kHz/50dB • 3 kHz/53 dB
• 1 kHz/70dB • 3 kHz/73 dB

• Children viewed a silent movie during stimulus presentation
Behavior Measure
• Test of Everyday Attention in Children (TEA-Ch) used to measure total 

attention, selective attention, sustained attention and switching attention.
• 9 Subtests using pen and paper game-like tasks

and listening tasks (figure 3) 
• Scaled scores range from 1-20 within each subtest

which are summed for domains of attention with 
higher scores indicating improved performance

Figure 3. Examples of TEA-Ch subtests
Statistics 
• Independent t-tests were done to compare scores of children with ASD and TD 

peers in EEG latency and amplitude and in TEA-Ch scores. Paired t-tests were 
used to compare pre/post scores on all measures in children with ASD. 

• Correction for multiple testing was not done due to the exploratory nature of 
this research and purpose.
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RESULTS

TEA-Ch Results
• ASD to TD: Children with ASD performed more poorly on selective (p=0.009), 

sustained (p=0.005) and total attention (p=0.005) compared with the TD peer 
group with large effect sizes (d>1.3)

• Following the music therapy intervention, children with ASD had improved 
attention scores in switching, selective and total attention with significant 
improvement in selective attention (p=0.027) with a large effect size (d=0.84)

EEG Results
• Few significant differences (p<0.10) were found in the EEG data either in 

baseline comparisons or in pre/post comparisons. 
• Due to the exploratory nature of this research, general trends are noted 

instead as guidance for further studies.
• Children with ASD, overall, had greater latencies of N1, P2, and N2 across all 

4 tones of the paradigm compared with TD peers. Children with ASD had 
smaller N1 amplitudes and larger P2 amplitudes than their TD peers.

• Following music therapy intervention, children with ASD showed increased 
latencies at N1, P2, and N2 especially to the two high frequency tones 

• No consistent trends or significances were noted for the change in amplitude 
from pre to post testing

Table 1. TEA-Ch Results

TD Children ASD pre MT ASD post MT

Between 
Group 
p-value

Within 
Group
p-value

Selective 19.0 (3.0) 14.1 (4.2) 19.6 (7.5) .009 0.027
Switching 17.1 (3.5) 14.9 (6.6) 15.9 (8.0) .370 0.409
Sustained 42.7 (9.0) 25.7 (13.8) 25.9 (13.5) .005 0.911
Total 78.7 (12.7) 54.7 (19.8) 61.4 (22.6) .005 0.171

CONCLUSION
• Children with ASD perform more poorly on measures of attention compared to 

TD peers. Music therapy appears to have a positive impact on attention in 
children with ASD especially for selective attention. 

• Children with ASD perform differently on measures of neurophysiological 
auditory processing and music therapy does appears to have some impact on 
these measures and may increase the differences between children with ASD 
and TD peers. 

• Further research is required to understand auditory processing challenges in 
children with ASD from the neurologic lens to understand how differences in 
body functions and structures impact occupational performance.

• EEG, in combination with other performance measures, could be a tool to 
evaluate efficacy of sensory processing interventions for children with ASD.6
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