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Introduction

HAI Lab designs AI systems that sense, interpret, and augment human behavior and cognition
using complex multimodal data—across health, education, and industry

Healthcare

Early Screening for Dementia

Dementia Prognosis Prediction

Digital Biomarkers
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1. Problem Space

Families in South Korea are facing a dementia crisis—cases are projected to triple by 2070,
prompting the launch of the ‘National Responsibility for Dementia’ policy
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Estimated Growth in Dementia Patients

The Growing Dementia Crisis in South Korea (2022-2070)
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1. Problem Space

Hong Kong shows a similarly concerning outlook,
suggesting that related research will be increasingly important

___________________________________________________________________________________________________________________________________________

33.8% of Hong Kong's population will be over 60 by 2039
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1. Problem Space

Families with dementia face emotional, physical, and financial burdens
as they witness the relentless loss of memory and independence ;
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Work-Related Changes Among Caregivers of People with Alzheimer’s or Other
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1. Problem Space

““Recoverable”

“Irrecoverable”
Cognitive Preclinical phase Dementia
function J TS T e e e e e e e e e L
________________ )
The silent stage, . Mild
insufficient to cause Normal general cognitive 0
e functions, but deficits in » Moderate
N tast exist instrumental activities of daily Families feel more O
Care X ods.creen orthgs EX'S ?2] living (IADL) financial and moral pressures, Severe
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Social isolation

Detect MCI Early, Stop Dementia Before It Starts!
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1. Problem Space

&,

Today’s diagnostic tools center on dementia detection,
but fall short in diagnosing MCI early—leaving families with little real support

___________________________________________________________________________________________________________________________________________

Questionnaires
(e.g., MMSE, SNSB-C)
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Assessment of neurological
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1. Problem Space

How can we achieve rapid and accurate early diagnosis of dementia using technology?

How can multimodal methods ensure reliable early detection?

How can we deliver accessible diagnostic tools that truly support families?
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2. VEEM Digital Biomarkers

Our goal is to develop the VEEM Digital Biomarker that enables
Rapid, Reliable, and Accessible early diagnosis and prognosis of dementia

___________________________________________________________________________________________________________________________________________
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2. VEEM Digital Biomarkers

VR-based instrumental activities of daily living (IADL) tasks have potential
for early diagnosis quantifying behavioral changes
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2. VEEM Digital Biomarkers

Pathological Changes in EP & EEG (Example)

vl EP HC MCI

» Assesses severity of » Evaluates changes in
sensory nerve damage brain electrical activity

« While EP/EEG provide information on neurological
alterations, they are difficult to use independently as
early diagnostic or prognostic biomarkers

1
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1
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2. VEEM Digital Biomarkers

As MRI identifies underlying brain lesions, it is suitable for prognosis and evaluation of dementia
— its high cost makes it difficult to perform easily, quickly, and repeatedly

Inferior Superior R-lateral L-lateral Posterior Anterior L-medial R-medial

Dementia

Mild

« Evaluates structural
abnormalities in the brain G
(e.g., hippocampal atrophy) .

- Limited by high cost and time %{, '"ﬁ £
constraints, making early Sl ;} & # q k "“
diagnosis challenging t-value B
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2. VEEM Digital Biomarkers

Our goal is to develop the VEEM Digital Biomarker that enables
Rapid, Reliable, and Accessible early diagnosis and prognosis of dementia for families

___________________________________________________________________________________________________________________________________________

(1) Rapid Digital Biomarker
— VR-based assessment

uuuuu R B A S Electroencephalogram (EEG)
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Assessing behavioral Assessing impairment of  Assessing abnormal brain Assessing brain
performance in VR the optic nerve signals atrophy

Insufficient practical evidence
—Limited prognostic capability

Sensitive to neurological and structural changes, but limited in early
diagnosis

High accessibility High interpretability
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2. VEEM Digital Biomarkers

Our goal is to develop the VEEM Digital Biomarker that enables
Rapid, Reliable, and Accessible early diagnosis and prognosis of dementia for families
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(2) Reliable Digital Biomarker
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2. VEEM Digital Biomarkers

Our goal is to develop the VEEM Digital Biomarker that enables
Rapid, Reliable, and Accessible early diagnosis and prognosis of dementia for families

(3) Accessible Digital Biomarker
— LLM-based clinical reasoning
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3.1 Research Findings — Rapid Digital Biomarker

Research on kinematic movement analysis for VR behavioral data—specifically evaluating
hand and head movements during tasks such as withdrawing money or taking a bus.

PLOS ONE

& OPENACCESS B PEER-REVIEWED

RESEARCH ARTICLE

Virtual daily living test to screen for mild cognitive
impairment using kinematic movement analysis

| Kyoungwon Seo,lJae-kwan Kim, Dong Hoon Oh, Hokyoung Ryu B [E], Hojin Choi 3

Published: July 24, 2017 e https://doi.org/10.1371/journal.pone.0181883
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3.1 Research Findings — Rapid Digital Biomarker

20 MCI patients
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3.1 Research Findings — Rapid Digital Biomarker

MCI patients exhibited significantly reduced hand and head movement speed
: during VR-based IADL tasks compared to healthy controls

___________________________________________________________________________________________________________________________________________

Hand movement in

Task 1: Withdraw money
Performance in VR IADL Tasks

HC MCI
Healthy controls MCI patients F(1, 40) p I P 1
Task 1: Withdraw money
Hand trajectory (meters) 49.5+40.5 32.2+20.3 2.970 0.093
Time to completion (seconds) 81.1+26.5 106.5+38.0 6.417 0.015
fHand speed (m/s) 0.6+0.4 0.3+0.1 12.694 0.001
Number of errors 0.2+0.5 0.7+0.8 5.154 0.029
Task 2: Take a bus
Head trajectory (meters) 125.4+35.8 100.7£24.5 6.678 0.014 Head movement in
Time to completion (minutes) 13.5+0.7 13.5+0.7 0.003 0.953 Task 2: Take a bus
Head speed (m/s) 0.4+0.1 0.3+0.1 11.029 0.002 MCI
Number of errors 0.8+0.9 2.3t1.4 16.444 <0.001 §*\ 7
Values are means+SD.
https://doi.org/10.1371/journal.pone.0181883.t002 h — " - -
z : Iz z
xm xm
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3.1 Research Findings — Rapid Digital Biomarker

We developed a more cognitively demanding VR daily living assessment, the Virtual Kiosk Test,
and used hand and eye movement data to train an early screening model for MCI

Top 3% SCIE journal in Health Care
Sciences & Services (2022)

JOURNAL OF MEDICAL INTERNET RESEARCH Kim et al

Original Paper

Digital Marker for Early Screening of Mild Cognitive Impairment |

Through Hand and Eye Movement Analysis in Virtual Reality Using ﬁi:{ .

Machine Learning: First Validation Study (SRR “Start’ button

Se Young Kim'", BSc; Jinseok Park?’, MD, PhD; Hojin Choi?, MD, PhD; Martin Loeser®, PhD; Hokyoung Ryu",
PhDIKyoungwon Seo', PhDI

IDepartment of Applied Artificial Intelligence, Seoul National University of Science and Technology, Seoul, Republic of Korea

2Department of Neurology, College of Medicine, Hanyang University, Seoul, Republic of Korea

3Departmenl of Computer Science, Electrical Engineering and Mechatronics, ZHAW Zurich University of Applied Sciences, Winterthur, Switzerland
4Graduate School of Technology and Innovation Management, Hanyang University, Seoul, Republic of Korea

these authors contributed equally

Corresponding Author:

Kyoungwon Seo, PhD

Department of Applied Artificial Intelligence

Seoul National University of Science and Technology
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3.1 Research Findings — Rapid Digital Biomarker

MCI patient exhibited increasingly complex and inefficient hand-movement patterns,
' reflecting impaired motor planning and cognitive control compared to healthy controls

___________________________________________________________________________________________________________________________________________

Figure 4. Comparison of hand movements between a healthy control (participant No. 9) and a patient with MCI (participant No. 25) for different virtual
kiosk screens. MCI: mild cognitive impairment.
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3.1 Research Findings — Rapid Digital Biomarker

MCI patient exhibited increasingly distracted and scattered eye-movement patterns,
indicating deficits in attention and visual information processing

___________________________________________________________________________________________________________________________________________

Figure 5. Comparison of eye movements between a healthy control (participant No. 9) and a patient with MCI (participant No. 25). Participants’ areas
with more eye fixation are shown in red, and areas with less eye fixation are shown in blue. Target menu items for each step feature a white frame.
MCI: mild cognitive impairment.
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3.1 Research Findings — Rapid Digital Biomarker

By analyzing hand and eye movements, the Virtual Kiosk Test detected MCI
with 93.3% accuracy, reflecting impaired IADL performance

FEE AlRtste1et
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3.1 Research Findings — Rapid Digital Biomarker

Rapid MCI detection is possible: VR digital biomarkers outperform traditional assessments
(MRI scans, neuropsychological tests) in speed and accessibility

___________________________________________________________________________________________________________________________________________
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3.2 Research Findings — Reliable Digital Biomarker

Exploring the integration of VR-based performance metrics with EEG biomarkers
to establish more reliable digital biomarkers for dementia detection

___________________________________________________________________________________________________________________________________________

Exploring the Relationship between Behavioral and Neurological
Impairments Due to Mild Cognitive Impairment: Correlation Study
between Virtual Kiosk Test and EEG-SSVEP

by Dohyun Kim 1 BV Yuwon Kim 1 80, Jinseok Park 2 & ®, Hojin Choi 2 &, Hokyoung Ryu 3 &,
Martin Loeser 4 &© andKyoungwon Seo | 8 ©

1 Department of Applied Artificial Intelligence, Seoul National University of Science and Technology, Seoul 01811,
Republic of Korea

2 Department of Neurology, College of Medicine, Hanyang University, Seoul 04763, Republic of Korea

3 Graduate School of Technology and Innovation Management, Hanyang University, Seoul 04763, Republic of
Korea

4 Department of Computer Science, Electrical Engineering and Mechatronics, ZHAW Zurich University of Applied
Sciences, 8401 Winterthur, Switzerland

" Author to whom correspondence should be addressed.

Sensors 2024, 24(11), 3543; https://doi.org/10.3390/s24113543
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3.2 Research Findings — Reliable Digital Biomarker
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3.2 Research Findings — Reliable Digital Biomarker

Intermittent photic stimulation Neurological data Neurological feature
Hz frequency of — Time frequency — — Lobe power ratio
photic stimulation 3 Hz SSVEP 5PS-POR-2H
o Frequency 12PS-POR-1H
& 2 L =0k 15PS-POR-1H
9 "% Time (10's) |
$ — Lobe connectivity ratio—
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> : —— Band connectivity ratio——
20 Hz SSVEP -
o) ~, |Frequency 10PS-P-ABR
P %Oo (1-50 Hz)
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3.2 Research Findings — Reliable Digital Biomarker

VR (hand + eye movements) and EEG (ventral + dorsal streams) are strongly linked
—integrating them improves MCI detection performance

31147

--------------------------------- SPS-ROR-2H-{ 12PS-POR-1H 15PS-POR-1H | 3PS-POR-0  5PS-POR-y  3PS-P-ABR  10PS-P-ABR  15PS-P-TBR
1 1 1 1 1 1 1 1 1'00
Scanpath 0.25 0.20 0.18 0.16 0.16 -0.12 —0.08 —0.00
length (m) 0.75
I'OpOl'thIl (8]
fixationd  —0.24 —0.35% —0.33* —0.29% =017 —0.25 0.02 —0.24 0.50
duration (%)
Ha“g.m"emem- 0.22 0.15 0.05 0.22 0.06 0.10 0.12 0.03 [0.25
i1stance (m)
-0.00
Hand movement —0.23 —0.40* —0.32*% —0.24 —0.24 —0.03 —71] -0.30*
speed (m/s) L _0.25
1ime to
completion 0.29* 0.32% 0.24 0.22 0.20 -0.09 —0.05 0.06 ~0.50
(s)
The number of B0 Jage 0.34% 0.23 0.28 ~0.02 0.03 ~0.04 0.20 —0.75
€Irors
-1.00

*BH corrected Pearson correlation p < 0.05
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3.2 Research Findings — Reliable Digital Biomarker

VR eye (ventral stream) and hand (dorsal stream) movements mirror EEG biomarkers,
showing that VR performance reliably reflects neural impairments and enhances MCI detection

Dorsal
Stream

Stream
D

Information from the retina is transmitted to
the brain via the Magnocellular and
Parvocellular pathways.

Visual information is processed through the
Dorsal Stream and Ventral Stream.

\. J

4 )
@ Visual Processing

® 2

Perception
(Ventral Stream)

Action
(Dorsal Stream)

* The Ventral Stream (left) is responsible for
object recognition and perception.

+ The Dorsal Stream (right) is responsible for
visually guided actions.

. J

Impaired perception

® 2

Impaired Action
(Ventral Stream) (Dorsal Stream)

+ Damage to the Ventral Stream (left) results
in impaired object recognition (VR eye).

+ Damage to the Dorsal Stream (right)
results in impaired ability to perform
visually guided actions (VR hand).
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3.2 Research Findings — Reliable Digital Biomarker

Exploring the integration of VR-based performance metrics with MRI biomarkers
to uncover the mechanisms linking behavior and brain structures

JOURNAL OF MEDICAL INTERNET RESEARCH Park et al

Original Paper

Integrating Biomarkers From Virtual Reality and Magnetic
Resonance Imaging for the Early Detection of Mild Cognitive
Impairment Using a Multimodal Learning Approach: Validation
Study

Bogyeom Park'’, BSc; Yuwon Kim'", BSc; Jinseok Park’, MD, PhD; Hojin Choi’, MD, PhD; Seong-Eun Kim', PhD;

Hokyoung Ryu®, PhDKyoungwon Seo', PhD

lDepartmem of Applied Artificial Intelligence, Seoul National University of Science and Technology, Seoul, Republic of Korea

2Department of Neurology, College of Medicine, Hanyang University, Seoul, Republic of Korea
3Graduate School of Technology and Innovation Management, Hanyang University, Seoul, Republic of Korea
"these authors contributed equally

Corresponding Author:

Kyoungwon Seo, PhD

Department of Applied Artificial Intelligence . .
Seoul National University of Science and Technology T()p 3 % SCIE J()umal 1n H eal 15 h Care
Sangsang Hall, 4th Fl . .
Gongneung-ro, Gongneung-dong, Nowon-gu Sciences & Services (2 022)
Seoul, 01811

Republic of Korea

Phone: 82 010 5668 8660
Email: kwseo@seoultech.ac.kr
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3.2 Research Findings — Reliable Digital Biomarker

Deep learning derived 22 MRI biomarkers from scan segmentations,
which were integrated with VR digital biomarkers for analysis

T1-weighted MRI Split-attention U-Net Architecture Multi-label Segmentation MRI biomarkers
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Left/Right Parahippocampal gyrus
A Down-sampling : 7 Left/Right Fusiform gyrus
1 Up-sampling N o -
> Skip-connection e Le&/nght SuperiOI‘ tEIT]pOI"al gyrus

#2  Convolution

»1 ResNeSt Block Left/Right Middle temporal gyrus

Left/Right Inferior temporal gyrus
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ResNeSt Block
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3.2 Research Findings — Reliable Digital Biomarker

35147

Abnormal VR hand and eye movements mirror hippocampal and medial temporal atrophy on MRI
—demonstrating VR as a reliable digital biomarker

___________________________________________________________________________________________________________________________________________

Healthy controls

MCI patients

(a) Hand movement

(b) Eye movement

(c) MRI segmentation
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3.2 Research Findings — Reliable Digital Biomarker

VR digital biomarker — Higher specificity (accurate in identifying HC, healthy controls)
MRI biomarker — Higher sensitivity (effective in detecting MCI)

___________________________________________________________________________________________________________________________________________

Biomarker data Accuracy (%)  Sensitivity (%) Specificity (%) Precision (%)  F1 score (%)

VR+MRI 94.4 100.0 90.9 87.5 93.3
VR 88.9 87.5 90.0 87.5 87.5
MRI 83.3 90.9 71.4 83.3 87.0
VR digital biomarker VR+MRI biomarker
A A
A © ¢ A ©® “ Correctly
A ‘.. Misclassified as reclassified
A @ MCI (act_ually HC) as HC
@ Hc |4 AA P S @® HC
Avc |2 > A MC

VR-based “"MCI early screening” RI-based “"MCI confirmation’
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3.2 Research Findings — Reliable Digital Biomarker

VR, EEG, and MRI biomarkers emerge as complementary modalities
that together provide reliable digital biomarkers for MCI detection

2rations _ _
Assessing behavioral Assessing impairment of  Assessing abnormal brain Assessing brain
performance in VR the optic nerve signals atrophy
Insufficient practical evidence Sensitive to neurological and structural changes, but limited in early
—Limited prognostic capability diagnosis
High accessibility High interpretability
VR-EEG-MRI

VEEM Digital Biomarkers

l SEQUL NATIONAL UNIVERSITY OF =)'

kwseo @seoultech.ac.kr SCIENCE & TECHNOLOGY LAB



3.2 Research Findings — Reliable Digital Biomarker

VEEM Digital Biomarker enables a pathway: frequent VR for early screening,
complemented by EEG & MRI for reliable MCI prognosis and confirmation

Cognitive function -

( VR C VR + EEG + MRI )
(MCI Early Screening) (MCI Confirmation)
Rapid and cost-effective Reliable diagnosis &
monitoring & early prognosis
screening

Disease Severity

l SEQUL NATIONAL UNIVERSITY OF

kwseo @seoultech.ac.kr SCIENCE & TECHNOLOGY k .LAB



Problem Space

VEEM Digital Biomarkers

Research Findings

3.1 Rapid Digital Biomarker
3.2 Reliable Digital Biomarker
3.3 Accessible Digital Biomarker

Empowering Families with Dementia




3.3 Research Findings — Accessible Digital Biomarker

40/ 47

Exploring how LLMs can generate MCI diagnosis reports as accessible digital biomarkers,
supporting physicians and providing meaningful help to families with dementia

«ORK IN PROGRESS

> Conferences = CHI > Proceedings = CHI EA 25 > CLONE: Synthetic Guideline-based
il Reasoning with Large Language Models for Early Diagnosis of Mild Cognitive Impairment

Xineg f =

CLONE: Synthetic Guideline-based Clinical Reasoning with
Large Language Models for Early Diagnosis of Mild

Cognitive Impairment

Authors: Seungeon Cha

Jinseok Park

Hojin Choi Hokyoung Ryu,

[ Kyoungwon Seof

Authors Info & Claims

CHI EA '25: Proceedings of the Exten

ed Abstracts of the CHI Conference on Human Factors in

Computing Systems
Article No.: 122, Pages 1 - 14 « https

Published: 25 April 2025 Publicatioq

The Top-tier international Computer
Science conference (CHI 2025)
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LLM-driven Synthetic Guideline-based Diagnosis

2 Question b4
eSO I

; Answer a
Neuropsychologist Guideline
Emulators . Writer

Step-by-step Diagnostic Guidelines

Step 1. Evaluate General Cognitive Function
- Review the total score to determine overall cognitive function...

Step 2. Assess Attention Abilities
- Impaired performance (e.g., low %ile score < 10) may indicate...

s

Neuropsychologist

e

=]
19
Report

Human-readable rationales written in natural language
Diagnosable with low cost in terms of time and effort
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3.3 Research Findings — Accessible Digital Biomarker

LLMs turn complex cognitive assessments into accessible digital biomarkers
- Clear reports that save time, lower cost, and support MCI diagnosis

___________________________________________________________________________________________________________________________________________

Test results

 Attention score
» Language score

B G

Requires
Human Effort

"This patient has
experienced subjective
cognitive deficits since...”

Time-
consuming

\_

Machine learning approach

?

et
MCI

v—

_ _ Lacks Rationales
Using the Scores as input

J
)

J

kwseo@seoultech.ac.kr

Large Language Model

»

» Automatically generates
reports

* Provides natural language
explanations
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3.3 Research Findings — Accessible Digital Biomarker

LLMs can transform clinical data into accessible digital biomarkers,
generating guideline-based reports that deliver interpretable medical insights for MCI diagnosis

___________________________________________________________________________________________________________________________________________

(" 1) Emulating Experts ) 4 3) Generating Reports )
L J
o L= . .
— —_—) GUIDELINE —
ad | + [ » » &7
Neuropsychologist v — |.II.|.‘_|
Emulator =
1\ J
Patient’s Test Results Synthesized Neuropsychologist Final Report
( 2) Synthesizing Step_by_step \ DlagnOStIC Guidelines
Diagnostic Guidelines »
L J ¢
¢ Interac‘tion a1 [ Drafts of Diagnostic Guideline Final Diagnosis
N holodist ..Considering these results, the subject shows
eurI(E)psylc to 0gis Guideline Writer significant impairment in visuospatial functions (Group B) Mild
mulator and some difficulties with working memory, Cognitive Impairment,
attention, and language repetition. However, the Early stage of
. Coo subject's performance in other cognitive domains is dementia, or
Drafts of D Guidel
ratts © 'agnosuc. waeine ":L"TE relatively preserved. The subject also exhibits Alzheimer's disease.
§§§§ Jassess m‘f‘:‘;‘&” v — independence in daily living activities.
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Our developed LLM (CLONE) outperformed standard LLMs in both diagnostic accuracy and rationale quality,
5 demonstrating the potential of building more accessible and reliable medical LLMs

___________________________________________________________________________________________________________________________________________

3.3 Research Findings — Accessible Digital Biomarker

Diagnostic accuracy

Accuracy Sensitivity ~ Specificity  Precision  Fl-score Accuracy  Sensitivity =~ Specificity Precision Fl-score

Llama 3.3 (70B) 0-shot + CoT 80.00 100.00 53.57 74.00 85.06 Phi 4 (14B) 0-shot + CoT 75.38 91.89 53.57 72.34 80.95
1-shot + CoT 83.08 91.89 7143 80.95 86.08 1-shot + CoT 72.31 83.78 57.14 72.09 77.50
2-shot + CoT 81.54 91.89 67.86 79.07 85.00 2-shot + CoT 70.77 86.49 50.00 69.57 77.11
CLONE 89.23 94.59 82.14 87.50 90.91 I CLONE 81.54 91.89 67.86 79.07 85.00 I
Rationale quality
mm CLONE B Few-shot + CoT
Llama 3.3 (70B) Phi 4 (14B)

Consistency
Correctness

Specificity
Helpfulness

Human-likeness

Consistency
Correctness

Specificity
Helpfulness

Human-likeness

0 60

80

Figure 3: Winning rate of generated rationale quality between the proposed CLONE framework and the most accurate few-shot
CoT baseline. The orange bars represent 1-shot CoT for Llama 3.3 (70B) and 0-shot CoT for Phi 4 (14B).
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3.3 Research Findings — Accessible Digital Biomarker

(Ongoing project) LLMs for VEEM Digital Biomarkers (VR, EEG, MRI): creating easy-to-read reports
and safe dialogues that help patients and families with dementia

___________________________________________________________________________________________________________________________________________

-
2_=
D af
Reports & \_
Safe dialogues . ] ]
CLONE System Families with Dementia

Hard-to-understand Accessible biomarkers
VEEM digital biomarkers for families of dementia
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4. Empowering Families with Dementia

Noticing Making Shifting Increasing Full-time
Phase of Care : o
changes adjustment responsibilities demands care
Preclinical phase MCI Dementia
* Accessible Digital * They provide families

Caregiver Families’ | * Detecting early signs * Reliable Digital Biomarkers * Keeping families reliably
Major Concerns!®! of dementia through (+ EEG, MRI) enable a quicker informed throughout the
Rapid Digital and clearer path to diagnosis diagnostic journey

Biomarkers

Biomarkers guide with timely self-care
home adjustments guidance
for patient safety

Rapid Digital Biomarker Reliable Digital Biomarker

~N

( Reliable Confirmation |

-~ PA &
VR EEG MRI

Multimodal
\ VEEM Digital Biomarkers )

Empowering Families f.,
with Dementia < 10min '

Patient

Disease Severity

SEQULNATIONALUNIVERSITY OF =
SCIENCE & TECHNOLOGY LAB

kwseo@seoultech.ac.kr
SEOQULTECH




55g
¥Jockey Club

Thank you for your attention.

kwseo@seoultech.ac.kr
https://hai.seoultech.ac.kr

Kyoungwon Seo Ph.D.
Human-centered AI LAB (HAI LAB)
Department of Applied Artificial Intelligence
Seoul National University of Science and Technology (SeoulTech)
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