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AI and Digital Biomarkers in 
Cognitive Sciences



Biomarkers

• A biomarker is a characteristic that can be objectively measured and 
evaluated as an indicator of normal biological processes, pathogenic 
processes or pharmacological responses to a therapeutic 
intervention.



Biomarkers



Digital Biomarkers of Cognitive Health 

Baker, Justin T., et al. "Digital devices and continuous telemetry: Opportunities for aligning psychiatry and 
neuroscience." Neuropsychopharmacology 43 (2018): 2499-2503.



RADAR-CNS
https://www.youtube.com/watch?v=pgI02uOLUAY&t=68s

https://www.youtube.com/watch?v=pgI02uOLUAY&t=68s


AI-assisted platform
for cognitive assessment and monitoring

in
Multiple Sclerosis, Dementia

and Healthy Aging

Integrated Cognitive Assessment (ICA)
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STANDARD PEN AND PAPER TESTS
Source: Dementia Collaborative research center

Test Purpose Administration 
Time Self Administered? Language / Culture 

Independent ? 

MMSE Mini-mental state 
examination 10-15 mins

ADAS-COG Cognitive assessment 
in AD 40 mins

GPCOG Screening for 
dementia at GP 6 mins

PAS Cognitive screening 
tool 20 mins

MOCA Quick MCI/AD 
assessment 15 mins



Learning Bias -MoCA



Leaked image: Trump the night before the test

Mastering 
MoCA in
24 Hours
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AN INTEGRATED COGNITIVE ASSESSMENT    - THE ICA 
Demonstrates critical benefits over existing methods…

WEB 
DEVELOPMENT

EDUCATION 
UNBIASED

NO PRACTICE     
EFFECT

LANGUAGE 
INDEPENDENT

SELF
ADMINISTERED

SENSITIVITY 
THROUGH AI





Personalised 
Cognition

Tracking
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ICA IN EFFECT
A quick 5 minute, simple and easy to take test, without clinician supervision

GIF Video

• Easy to administer, low stress
• User-needs study highlighted fun nature of test
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ADVANTAGES OF AI IN DISEASE CLASSIFICATION
Many existing cognitive assessments use a simple, single cutoff

Cut-off value
(Classification line)

Healthy (HC)Impaired

Dimension 1
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ADVANTAGES OF AI IN DISEASE CLASSIFICATION
This can lead to misclassification

Cut-off value
(Classification line)

Healthy (HC)Impaired

Dimension 1

2 HC misclassified
as impaired

2 impaired 
Misclassified as HC
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ADVANTAGES OF AI IN DISEASE CLASSIFICATION
If the, single, cut off line is adjusted; one can either get false negatives….

Cut-off value
(Classification line)

Healthy (HC)Impaired

Dimension 1

False negatives
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ADVANTAGES OF AI IN DISEASE CLASSIFICATION
Or false positives

Cut-off value
(Classification line)

Healthy (HC)Impaired

Dimension 1

False
positives
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ADVANTAGES OF AI IN DISEASE CLASSIFICATION
AI can help with by expanding one dimensional classification into two….

Dimension 1

Dim
ension 2

Cut-off value
(Classification line)

Healthy (HC)

Impaired

Cut-off value
(Classification line)

Healthy (HC)Impaired

Dimension 1
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ADVANTAGES OF AI IN DISEASE CLASSIFICATION
Or even n-dimensions

Cut-off value
(Classification line)

Healthy (HC) Impaired

Healthy (HC)

Impaired
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ESTABLISHING CONSTRUCT VALIDITY

• In head-to-head comparison with MoCA and ACE, ICA shows significantly better accuracy in 
detection of MCI and mild AD

The ICA has been validated against current standard of care neuropsychological tests

Healthy vs cognitively impaired Healthy vs MCI

Age range 55-90  ISRCTN: 95636074         doi.org/10.1186/ISRCTN95636074



31SM Khaligh-Razavi et al, Scientific Reports, volume 9, Article number: 1102 (2019)

ESTABLISHING LEARNING INDEPENDENCE  &  RELIABILITY
The ICA shows no effect of learning for repeated tests

Results:
None of the points on the curve are significantly higher than any other point 
(Anova at p < 0.05)
There is no statistically significant effect of learning in repeated exposure to 
the ICA test

ICA test / retest on  iPad platform
iPad:  r=0.96 (p<10-7)
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Young Healthy Participants took the ICA 
every other day for 8 Days

(N = 12; age range = 20 to 36 )

ICA LEARNING EFFECT TRIAL
There is no statistically significant effect of learning in repeated exposure to the ICA test

The learning effect curve does not increase monotonically 

None of the points on the curve are significantly higher than 
any other point

(ANOVA, F(7) = 0.62; P-value = 0.73)



MS/HC 

Learning Bias -ICA

HC/MCI/AD
=> appropriate for frequent assessment
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* P<0.01 [Permutation Test, Bonferroni Corrected]

ns: not significant

ICA NOT CONFOUNDED BY EDUCATION
Non-parametric test of independence indicates that the ICA is independent of education

ns
ns

*

*

**
**



Monitoring disease activity in MS
quantifying disease progression or treatment efficacy

Cognitive Rehab
8 weeks

ICA score

ICA score 

61

67

Cohen’s d= 1.01 *



Monitoring disease activity in MS
quantifying disease progression or treatment efficacy

Physical Rehab
8 weeks

ICA score

ICA score 

65

67.5

Cohen’s d= 0.61 *



Monitoring disease activity in MS
quantifying disease progression or treatment efficacy

Control Group
8 weeks

ICA score

ICA score 

57

55.8

Cohen’s d= -0.4 *
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