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Highly prevalent 5%

Childhood onset, chronic 
course

- Inattentive (more persistent)

- Hyperactive-impulsive 

Academic/occupational 
underachievement, motor 

accidents, relational problems 
High burden

ADHD



Treatment

• Present evidence-based treatment of ADHD

– Pharmacological

• Parents concerned about side effects

• Doesn’t teach the child skills 

• Controls symptoms but doesn’t cure

– Psychosocial treatment

• Manpower intensive

• Intensive, collaborative effort with school/family

• Time to see results 



Lim CG, Lim-Ashworth NSJ, Fung DSS. Updates in technology-based interventions for ADHD. 

Current Opinion in Psychiatry. 2020 Nov.



EEG Abnormalities in ADHD

• Increased relative slow wave activity

– Theta activity (frontal)

– Delta (posterior)

• Decreased relative alpha and beta activity (posterior)

• Increased theta-beta ratio

• Development of neurofeedback therapy

Clarke AR, et al. An Investigation of Stimulant Effects on the EEG of Children 
With ADHD. Clin EEG Neurosci. 2016 Aug 23. pii: 1550059416664657



What Is BCI?

• Direct communication pathway between brain 
and external device.

• EEG: most studied non-invasive interface



BCI Attention System

Hamadicharef B, Zhang HH, Guan CT, Wang CC, Phua KS, Tee KP, et al, Learning EEG-Based Spectral-Spatial Patterns

for Attention Level Measurement. In proceedings of the IEEE International Symposium on Circuits and Systems (ISCAS)

May 24-27, 2009, Taiwan, pp1465-8.



The BCI System 
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Study 1

Psychopharmacology Bulletin. 2010;43(1):73-82.



Methodology

• 10 pairs of children aged 7-12 with ADHD, 
never medicated

• 16 males: 4 females

• Intervention (2x/wk 10 wks) vs control

• Diagnosis of ADHD, Combined or 
Inattentive subtype, based on C-DISC 



Intervention Group
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Mean Attention Score Change in ADHD 
Rating Scale (parent) Wk 0-10



Mean Attention Score Change in ADHD 
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Study 2

PLOS One. 2012 Oct 24;7:10;e46692



New Game ‘Cogoland®’



Dry Sensors



Study Design
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Clinician Rating



RCT
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RCT: Study Groups



Our RCT: Primary Outcome
Time Point BCI-Intervention

(n=81)
Waitlist 
control
(n=82)

Mean SD Mean SD

Week 0 18.9 4.25 18.6 4.38

Week 8 15.5 4.48 16.7 5.14

Change* 3.5 3.87 1.9 4.42



RCT: Results



Neuroimaging Study



Qian X, Loo BRY, Castellanos FX, Liu S, Koh HL, Poh XWW, Krishnan R, Fung D, Chee MWL, Guan CT, 

Lee TS, Lim CG, Zhou J.,  BCI-based intervention re-normalizes brain functional network topology in children 

with ADHD. Translational psychiatry. 2018; 8:149, 1-11.



Home-based therapy: can it work?

• N=20 (Mage = 9.93, SD = 1.69) recruited

– 16 males (80%) and 4 females (20%)

– Not on medication





Results: Feasibility



Clinical Ratings



Future Directions

• Optimal treatment schedule

• Other psychiatric conditions
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