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Interactive Eye-tracking Games for Early Detection and 
Treatment of People with ADHD



Braingaze brings mental health care into the digital, AI-
empowered age along with digital biomarkers, digital 
therapy, and practice-inspired patient journeys that are 
convenient and trustworthy.

Vision and Mission



Cognitive brain afflictions affect a large part of humanity, 
and are very often not detected on time 

50 million
diagnosed with AD

Estimated 6-7% of people 
over 60 are suffering from 
Mild Cognitive 
Impairment which in 60-
70% of the cases develops 
into Alzheimer’s disease 
within 3-5 years

12 million
diagnosed

Estimated 2-3% of 
population = 200 

million people 
worldwide suffer 

from ADHD

Alzheimer’s Disease (AD)
Attention Deficit and 

Hyperactivity Disorder (ADHD)



Brainstem is critical in ADHD and AD

• Bast, N., et al (2018) The locus coeruleus–norepinephrine system as pacemaker of attention – a 
developmental mechanism of derailed attentional function in autism spectrum disorder Eur J 
Neurosci, 47: 115-125. 

• D'Andrea, I., et al. (2015).Lack of kinase-independent activity of PI3Kγ in locus coeruleus induces 
ADHD symptoms through increased CREB signaling. EMBO molecular medicine, 7(7), 904–917. 
https://doi.org/10.15252/emmm.201404697

• Mueller A et al., (2017)Linking ADHD to the Neural Circuitry of Attention Trends Cogn Sci. 21(6): 
474–488. 

• Murphy PR, et al. Pupil diameter covaries with BOLD activity in human locus coeruleus. Hum 
Brain Mapp. 2014;35:4140–4154.

• Siddhartha J et al., (2016) Relationships between Pupil Diameter and Neuronal Activity in the 
Locus Coeruleus, Colliculi, and Cingulate Cortex Neuron 89:221-234. 
https://doi.org/10.1016/j.neuron.2015.11.028

• Sparks, D. (2002) The brainstem control of saccadic eye movements. Nat Rev Neurosci 3, 952–
964. https://doi.org/10.1038/nrn986

Braingaze exploits the connection between eye metrics 
(Cognitive Vergence) and ADHD & AD

Activity of Brainstem can be 
assessed by eye metrics

https://pubmed.ncbi.nlm.nih.gov/29247487/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4520656/
https://pubmed.ncbi.nlm.nih.gov/28483638/
https://europepmc.org/article/PMC/6869043
https://www.sciencedirect.com/science/article/pii/S089662731501034X#!
https://pubmed.ncbi.nlm.nih.gov/12461552/


Cognitive Vergence; the core invention which permits us to 
measure cognitive functions by just analyzing involuntary eye 

movement patterns

• Vergence is movement of both eyes in opposite direction

• Novel role of vergence in cognitive processing

• This method is called Cognitive Vergence is patented world-

wide by Braingaze



Role of Cognitive vergence in cognitive functions
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Sole et al., PLoS One 2013a
Sole et al., PLoS One 2013b
Sole et al., PLoS One 2015
Jimenez et al., Vis Research 2020

Sole et al., Neuroreport 2016
Esposito & Supèr, Neuroreport 2018
Jimenez et al., in prep

Sole et al., PLoS One 2013b
Esposito & Supèr, Acta Psychologica 2019
Sole et al., submitted

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0052955
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0072041
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0145281
https://www.sciencedirect.com/science/article/abs/pii/S0042698920300183
https://journals.lww.com/neuroreport/Abstract/2017/03010/Eye_vergence_responses_during_a_visual_memory_task.2.aspx
https://journals.lww.com/neuroreport/Abstract/2018/02010/Vergence_responses_to_face_stimuli_in_young.11.aspx
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0072041
https://www.sciencedirect.com/science/article/pii/S0001691818302191?via=ihub


Neural activity signaling visual attention

Cognitive 
Vergence

Cognitive vergence correlates with EEG responses

Sole et al., PLoS One 2016

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0167646


The fundamental tech is patented worldwide



Measuring cognitive issues during orienting visual attention task

• Computerized & engaging task
• Over 100 trials; 10-12 minutes
• Cue and no-cue condition to measure attention
• We record vergence
• Classification by Machine Learning techniques



Detecting ADHD more objectively analyzing cognitive 
vergence using machine learning classifiers

Sole Puig et al.,PloS ONE  2015
Varela et al., J Att Disorder 2018
Jimenez et al., J Att Disorder 2020
Boxhoorn et al., J Child Psych Psych 2020
Morata et al., submitted
Best et al., submitted
Steve Faraone et al., in prep

https://pubmed.ncbi.nlm.nih.gov/29357741/
https://pubmed.ncbi.nlm.nih.gov/29357741/
https://journals.sagepub.com/doi/abs/10.1177/1087054719897806
https://acamh.onlinelibrary.wiley.com/doi/full/10.1111/jcpp.13179


Detecting ADHD in children more objectively analyzing 
cognitive vergence using machine learning classifiers

Non-ADHD vs ADHD

N 159

Accuracy 92.83%

AUC 97.42

FP i.e. healthy patient diagnosed 
as ADHD

5.35%

FN i.e. ADHD patients classified as 
healthy

8.51%



ADHD classification trial in adults

ADHD group 

(N=108; M±SD:29.4±12.5 years)

Clinical controls

(N=36;M±SD: 26.9±8.4 years)

Accuracy: 79% (95%CI=±6.6%) 

AUC: 0.77

FP rate: 25.00% 

FN rate: 20.55%



Detection of MCI and Alzheimer patients

Control/MCI/Alzheimer

ROC

5 min oddball task



Digital therapy



28 ADHD patients (18 boys and 10 girls) 

The experimental group played game using the eye-tracker and control 
group played it using the mouse.

Play game for 3 weeks, 3 times per week for 30 minutes.

Interactive eye tracking serious game to train cognitive behavior



Eye tracking 
attention game

Mouse controlled
attention game

Garcia et al., 2018 

• Better gaze fixations (focus)
• Faster behavioral response
• Improved detection performance

evidence shows that it enables reduction of symptoms

https://doi.org/10.4088/PCC.19m02428


Preliminary data on recovery of vergence/pupil responses in 
ADHD after psychostimulants and digital treatment 

Improvements in ADHD patients treated with gaze-
controlled games but not in patients with mouse-
controlled games 

Digital treatment

P=0.03

n.s.

P=0.01

n.s.

PupilVergence

Unpublished information

Improvements in medicated ADHD patients but not in 
unmedicated patients 

Psychostimulants

Vergence Pupil

Unpublished information





At home therapy uses mobile devices



P<0.05

n.s.

Preliminary data on Alzheimer patients treatment after 2 
weeks interactive eye tracking game play

P<0.05



Clinical studies using our method

>1300 people

involved in

13 clinical 
studies

Sole et al., PLoS One 2013a
Sole et al., PLoS One 2013b
Sole et al., Neuroreport 2016
Sole et al., PLoS One 2016
Esposito & Supèr, Neuroreport 2018
Esposito & Supèr, Acta Psychologica 2019
Sole et al., submitted

Varela et al., J Att Disorder 2018
Jimenez et al., J Att Disorder 2020
Morata et al., submitted
Jimenez et al., Vis Research 2020
Sole et al., PLoS One 2015

Steve Faraone et al., in prep.

Garcia et al 2018 

Boxhoorn et al., J Child Psych Psych 2020
Best et al., submitted
Bustos et al., in prep

Jimenez et al., submitted
Hashemi et al., submitted

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0052955
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0072041
https://journals.lww.com/neuroreport/Abstract/2017/03010/Eye_vergence_responses_during_a_visual_memory_task.2.aspx
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0167646
https://journals.lww.com/neuroreport/Abstract/2018/02010/Vergence_responses_to_face_stimuli_in_young.11.aspx
https://www.sciencedirect.com/science/article/pii/S0001691818302191?via=ihub
https://pubmed.ncbi.nlm.nih.gov/29357741/
https://journals.sagepub.com/doi/abs/10.1177/1087054719897806
https://www.sciencedirect.com/science/article/abs/pii/S0042698920300183
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0145281
https://doi.org/10.4088/PCC.19m02428
https://acamh.onlinelibrary.wiley.com/doi/full/10.1111/jcpp.13179


Pipeline status now
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Pipeline 



Overlap of attention network and network of cognitive vergence

Attention region

Vergence region

Direct connection

Vergence/pupil control

Retinal input

LC

cMRF

cFEF

vHP

Eye

EW

rSC



Detection of malingering ADHD in young adults



System to measure cognitive vergence

• Non-invasive and contactless

• Plug and play set-up

• Easy to administer 

• Easy and short visual task

• Automatic collection of data

• AI classification of patients

• Low-cost 



Cue: you know which bar is about to 
change. 

You focus your attention.

No-cue: you don’t know which bar will 
change.

You don’t focus your attention. 

No-cue

Cue

Attention can be measured by cognitive vergence



ADHD classification trial in school cohort

Non-ADHD vs ADHD

N 270

Accuracy 92.0%

AUC 96

FP i.e. healthy patient 
diagnosed as ADHD

6.5%

FN i.e. ADHD patients 
classified as healthy

6.4%



Children (N=215;M±SD: 
9.1±1.8 years of age)

Detection of reading difficulties

Word detection task



Detection of reading difficulties

TLK (Testing Lecture Knowledge) score
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Supporting evidence that cognitive vergence could be used to 
measure effect of medication

Psychostimulants recover vergence/pupil responses in 
ADHD patients towards normal levels



Preliminary data on Control, ADHD, ASD, and ADHD+ASD

Vergence responses ADHD+ASD vs rest ROC


