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• Sound therapy has been used as an alternative intervention to improve ASD symptoms. 
Many have reported its positive findings in improving cognitive, social, communication 
and behavioural aspects of ASD (1, 2).

• Despite this, several studies had questioned its effectiveness and highlighted few of the 
limitations. Past studies agreed that sound therapy’s effectiveness could not be proven 
due to the lack of evidence, especially as a treatment for ASD (3, 4).

Issue 1: Use of objective outcome measures
• Previous literature mostly utilized parental-reported questionnaires as an outcome 

measure for determining the effectiveness of post-intervention (5). To our knowledge, no 
studies have investigated the use of objective measure such as auditory-evoked potential 
(AEP) to evaluate the effectiveness of sound therapy in ASD children.

• Whilst the perceptual questionnaire is still considered a valid tool, it could not measure 
the physiological changes that occur in the neural level following any intervention. Thus, 
for this study we would like to address this issue by using Auditory Brainstem Response 
(ABR) to measure changes after the intervention.

Issue 2: Sound Therapy and Working Memory Training
• To our knowledge, no studies had combined sound therapy with working memory (WM) 

training among ASD population. WM training and sound therapy individually has been 
shown to provide positive results in improving attentional skills which is a part of sensory 
gating mechanism (6, 7). By combining these methods, it is hypothesized that it can 
further enhance the effect of intervention to ASD symptoms.

• WM load comprises of attention control (important for information selection and filtering) 
will be increased via WM training, while sound presented as background will act as a 
distraction; training the brain to focus its attention on the WM task while ignoring the 
sound. 

• A habituation effect is expected after repeated exposure to the sound as an effect of 
training to non-important stimulus.

Aim: To investigate the effectiveness of sound-working memory therapy to improve 
sensory gating of ASD children using Auditory Brainstem Response (ABR) with 
psychological (Stroop task).

METHODS

CONCLUSIONS

BIBLIOGRAPHY
1. Al-Ayadhi L, Alhowikan AM, Halepoto DM. Impact of auditory integrative training on transforming growth factor-β1 and

its effect on behavioral and social emotions in children with autism spectrum disorder. Medical Principles and Practice.
2018;27(1):23-9.

2. Li N, Li L, Li G, Gai Z. The association of auditory integration training in children with autism spectrum disorders among
Chinese: a meta-analysis. Biosci Rep. 2018 Dec 11;38(6):BSR20181412. doi: 10.1042/BSR20181412. PMID: 30429234;
PMCID: PMC6294631.

3. Sinha Y, Silove N, Hayen A, Williams K. Auditory integration training and other sound therapies for autism spectrum
disorders (ASD). Cochrane Database of Systematic Reviews 2011, Issue 12. Art. No.: CD003681. DOI:
10.1002/14651858.CD003681.pub3. Accessed 28 June 2023.

4. Shahrudin, F.A., Dzulkarnain, A.A.A., Hanafi, A.M., Jamal, F.N., Basri, N.A., Sidek, S.N., Yusof, H.M., Khalid, M., 2022. Music
and Sound-Based Intervention in Autism Spectrum Disorder: A Scoping Review. Psychiatry Investigation 19, 626–636..
https://doi.org/10.30773/pi.2021.0382

5. M, Lane SD, Meier SL, Boutros NN, Burroughs S, Steinberg JL, Moeller FG, Swann AC. P50, N100, and P200 sensory
gating: relationships with behavioral inhibition, attention, and working memory. Psychophysiology. 2009
Sep;46(5):1059-68. doi: 10.1111/j.1469-8986.2009.00845.x. Epub 2009 Jun 8. PMID: 19515106; PMCID: PMC2821570.

6. Al-Saad MSH, Al-Jabri B, Almarzouki AF. A Review of Working Memory Training in the Management of Attention Deficit
Hyperactivity Disorder. Front Behav Neurosci. 2021 Jul 21;15:686873. doi: 10.3389/fnbeh.2021.686873. PMID:
34366803; PMCID: PMC8334010.

Stroop Task: RM ANOVA - Post vs Pre intervention
• RM ANOVA found significant main effect of trainings with medium to large effect size.
• Post-Hoc - white noise, waterfall and Quran SWMT shows significant changes 

after intervention for percentage score, SI percentage score and response time (0.01 < p > 
0.05, medium to large effect size).

• Percentage Score
• Congruent: Only Quran group shows significant increase in percentage score. 
• Incongruent: No significant findings for any groups after intervention.
• Neutral: No group shows increase in percentage score

• SI Percentage Score: Participants in white noise and waterfall SWMT show increase and 
decrease of SI respectively after intervention in comparison with other groups. 

• SI Response Time: Only waterfall groups show significant decrease in SI after intervention.

Stroop Task: Gain Score + ANOVA - Between groups (Control vs waterfall vs white noise 
vs Quran)
• RM ANOVA found significant different in between group analysis with medium to large 

effect size
• Post-Hoc – All group suggest significant effect of interventions (0.01 < p > 0.05, medium to 

large effect size).
• Percentage Score

• Congruent: Those in waterfall and white noise SWMT have significantly highest 
intervention effect for percentage score in congruent condition compared to control and 
Quran SWMT.

• Incongruent: Only Quran SWMT shows significant increase in percentage score
• Neutral: No groups shows improvement in percentage score.

• Response Time
• Congruent: No significant intervention effect was found
• Incongruent:  Only White noise SWMT and waterfall SMWT shows reduction in response 

time 
• Only those in waterfall SWMT shows significant effect (positive gain) when compared to 

other groups SI percentage score.
• SI Percentage Score: The highest intervention improvement was from waterfall followed by 

the Quran SMWT
• SI Response Time: The highest significant effect of intervention (negative gain) can be seen 

in white noise followed by waterfall, Quran, and control group.

ABR: RM ANOVA and Gain Score + ANOVA - None of the wave V ABR (amplitude and 
latency) in each Stroop task condition and ABR sensory gating (amplitude and latency) results 
were significant.

Overall, this finding suggests an improvement in the sensory gating abilities among ASD 
children following some of the SWMT training. It can be observed that white noise and 
waterfall is effective in combination with working memory intervention therapy to address 
the auditory sensory gating issues among ASD children as found in this study. In addition, 
the Stroop task tool has the potential to measure the changes that occur from the SWMT 
and provide useful information on the status of the cognitive function in ASD children. Whilst 
ABR as a measuring tool for sensory gating requires more in-depth research as results 
obtain from this study provide inadequate evidence to prove its reliability and validity. 
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• Twenty-three mild to moderate ASD children randomly divided into 4 groups.

Pre- & Post-Intervention (ABR with Psychological Task)
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• Calculate Stroop Interference (SI) and ABR Sensory gating (ABR SG):
SI/ABR SG = Incongruent condition (percentage score/response time/amplitude/latency) 
– neutral condition (percentage score/response time/amplitude/latency) 

p-value Effect size
Percentage Score
Congruent

> 0.05
Large

Incongruent Medium
Neutral Large
Response Time
Congreunt

> 0.05
Small

Incongruent Medium
Neutral Medium
Stroop Interference
Percentage Score 0.003 Large
Response Time > 0.05 Large

Table shows summary of p-value and effect size for 
both RM ANOVA and Gain Score + ANOVA
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