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SOCIAL CONTEXT

Complex global health crises require new healthcare approaches

Mental Health Crisis Population Aging Increase in Chronic Diseases Social Isolation

Rising depression, anxiety, and ~ Population aged 65+ expectedto  Growing prevalence of diabetes, Increase in single-person

burnout exceed 16% by 2050 cardiovascular disease, and obesity ~households and digitalization

Approximately 15% of the Rapid increase in elderly care Lifestyle-related chronic diseases Weakening community

global population affected demands account for over 70% of healthcare connections and social support
COStS systems

WHO and UN reports (2022-2023)
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THE GROWING MENTAL HEALTH CRISIS

Mental Health Disorders on the Rise High Suicide Rates

Increasing stress, depression, and anxiety -o- OECD -0~ South Korea ’
orea

Korea

Lithuania

32.7
Finland ‘e’
21.8 zelile;avx\:d +
I 22.9 W

Total Male Female 10s 20s 30s 40s 50s 60s 70+

Approximately 1in 4 people experience Korea ranks among the highest in suicide rates
mental health disorders among OECD countries

Ministry of Health and Welfare Report (2023) WHO database (2021)
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LIMITATIONS OF MENTAL HEALTH SERVICES

Internalized Stigma Limited Accessibility to Mental Health Services

Limited Treatment Utilization Barriers to Treatment Access

Only 25% receive early diagnosis and treatment Psychological and physical barriers limit service utilization

T _ _ Mental Health Service Utilization Rates Unit: %

Society discriminates against people with mental

health struggles. 77.0% 65 131

Living with mental illness in Korea is difficult. 54.8% ' ' 305 389 355 %)

Psychiatric treatment records carry strong social 75.1% 121 ' 200

stigma. | ) @ -
r:lji:];lailsg'ljneess should be addressed collectively as a 82.4% Avoidance of Hnspital-
Admitting emotional pain requires courage. 88.4% based Treatmen; and
Many people hide their struggles behind a positive 60.9% Limited Access ’__Eﬁ__-care
appearance. N: 1,000 Korea  Canada us Belgium MewZealand Spain SouthAfrica Japan tod

Ministry of Health and Welfare Report (2021)

Community- and Government-level Support Systems are needed to improve treatment accessibility and continuity Of care
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DEFINITION OF HEALTH

Health is not merely the absence 4 & Mfﬂiﬂé‘ 4] PHYSICAL
L 3. £

-

of disease or infirmity, but a state . :
of complete physical, mental, e PO
>

and social well-being b UIOUDGUNGE -
) B¥ [ INTEGRATED

CONCEPT OF
HEALTH

WHO, 1948

Al

SOCIAL /_/
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HEALTHCARE PARADIGM SHIFT

PHASE 01 » PHASE 02 » PHASE 03 »

Complementary and

Conventional Medicine Integrative Medicine

Alternative Medicine

@) Disease- and symptom-centered treatment @ Nature-based healing and prevention © Patient-centered care
€) Passive treatment approach © Mind-body integration © Whole-person health and evidence-based approach
€ Short-term intervention € Holistic approach @© Integration of conventional and complementary medicine
Focused on biological abnormalities Includes aromatherapy, meditation, Natire bacad healing anvironmants
and linear processes of diagnosis and and traditional Korean medicine as g

prescription complementary healing approaches emerge as key therapeutic resources

WHO (2014-2023), NCCIH (2021-2025)
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A NEW HEALTHCARE PARADIGM, AGRO-HEALING

HEALING
AGRICULTURE

Industries and activities that

promote the physical and mental
Productive health of the public through the
utilization of agricultural and
rural resources and related
activities.

Agriculture

Act on Research, Development and
Promotion of Agro-Healing, 2020
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PLANT-MEDIATED THERAPY

An Integrative Approach to Nature-Based Healthcare

Horticultural  Therapeutic
therapy horticulture

Green Horticultural
care well-being
Social Garden
farming therapy
Agro- Forestry
healing therapy

PLANT-MEDIATED THERAPY

Afield that enhances physical, psychological, emotional,
social, and cognitive health through plant-based activities and

interactions with plants.
Sin-Ae Park, 2023
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THEORETICAL FRAMEWORKS FOR PLANT-MEDIATED THERAPY

)

Biophilia
Hypothesis

“Nature holds the key to our
aesthetic, intellectual,
cognitive and even spiritual
satisfaction.”

Edward Wilson, 1984

2

Attention
Restoration
Theory

“Attention is restored
through experiences of
being away, soft fascination,
extent, and compatibility.”

Kaplan & Kaplan, 1989

Stress Recovery
Theory

“Exposure to natural
environments after stress
promotes rapid
physiological recovery and
relaxation.”

Roger Ulrich, 1983

Hortophilia
Hypothesis

“The desire to interact
with, manage and tend
nature.”

Oliver Sacks, 2009

'—5
(Y
9-0

Plant-Mediated
Experience
Theory

“Plant-related experiences, ranging
from passive exposure to active
interaction and cultivation, promote
restorative emotional, cognitive,
physiological, and behavioral
outcomes.”

Sin-Ae Park, 2024
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HISTORICAL DEVELOPMENT AND MEDICAL APPLICATIONS OF
HORTICULTURAL THERAPY

Nature-based healing concepts, which originated in 18th-century psychiatry, began to be widely applied in medical settings
during the mid-20th century

Dr. Benjamin Rush 1746~1813 Mid 1940s. Expansion of Clinical Applications of Horticultural Therapy

Gardening and farm work could benefit The Menninger Clinic, Psychiatric treatment The Rusk Institute of Rehabilitation Medicine,
individuals with mental illness center, Topeka, KS, US NYU School of Medicine, Manhattan, NY, US
Medical Inquiries and Observations upon Early application of horticultural activities in Early application of horticultural activities in

Diseases of the Mind (1812) psychiatric treatment rehabilitation therapy
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NATURE-BASED HEALING CULTURE IN TRADITIONAL KOREAN SOCIETY

Late Joseon Dynasty Korea

Diverse sensory experiences with nature: plant appreciation, listening to the sound of rain falling on leaves, writing on leaves, and garden walking
Promotion of positive emotions, emotional stability, and psychological restoration

~ %
IRt e
S 9N
vl

Examples of
Traditional
Nature-Based
Activities
Interpreted
from a Modern
Agro-healing
Perspective

Jeong Seon Kim Hong-do Lee Jae-Gwan Jeong Seon
Dokseoyeogado (Reading Leisure) ~  Literati Landscape Scene Pacho-do (Banana Tree Painting) Ingokjeongsa

Gwon and Park, 2025, J. People Plants Environ.
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PLANT-MEDIATED HEALING MECHANISM

Core Healing Mechanism Multidimensional Healing Responses Multidimensional Health Outcomes
Emotional Emotional bonding Cognitive Effects
Affective connection » _ , N
Positive affect Attention enhancement, Memory improvement, Cognitive
I, Immersion
Active SogNite ) ) Psychological Effects
Engagement Attentional restoration
" motional stability, Stress reduction, Relief of depression and
Cognitive engagement anxiety
L sessscsssssssssssassss »>
- Multisensory stimulation ' i . , -
E:asswe Y Olfactory stimulation Improved physical function, Increased vitality, Better sleep
Auditory stimulation Social Effects
Physical Physical activation Enhanced sociality, Improved interpersonal relationships,
- : Cooperative experiences
Physiological regulation Physiological relaxation P P

Multimodal Stimuli Drive Complex Human Responses
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PARADIGM SHIFT IN AGRO-HEALING RESEARCH

From Therapeutic Effect Verification to Data-driven Precision Agro-healing

2023~

SOLUTION

AI-driven Precision
Agro-healing

2019 ~
BIOMARKERS

2005 ~

MECHANISM (555
OUTCOME "
Mechanism-focused

Outcome-based Research
Research

Biomarker Discovery

Identification of healing Al-driven precision

Validation of effects Discovery of indicators

mechanisms intervention
Systematic evaluation of physical, Quantification and analysis of human Omics-based analysis and biological Multimodal data integration
psychological, cognitive, and responses during agro-healing response profiling and predictive optimization

social outcomes activities
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FROM EXPERIENCE-BASED TO EVIDENCE-BASED APPROACHES

Experience \ |
-Driven
Approach

Qualitative
Evaluation

Data-driven
Approach

Quantitative
Evaluation

\\x

| Limited
Standardization

Foundation
for Precision
Agro-healing

Subjective
Judgment

EVIDENCE

Objective
validation

“Feels Unclear Scientific Clear
Beneficial” || Therapeutic evidence therapeutic
level ) \  Effects establishment outcomes
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AI-BASED MULTIMODAL ANALYSIS OF HEALING RESPONSES

 Agro-healing Data ‘ Multimodal Measurement Data

Psychological &
Emotional Responses

Behavioral
Responses
e AI-drlven =
i ',;g;’},‘;g;‘:' ~Precision Anplyms j j
Biochemical "’Multlmodaldata mtegra HOR /
Responses Individyal [Esponse profiling®
Prediction of therapeutic outcomes
Cognitive Personalized agro-healing intervention
Responses optimization

Metabolomics
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RESEARCH AREAS IN AGRO-HEALING

Healing L, ‘
Mechanism g8 99 '@ L =
Research : -
PS.YChO. Emotional Cognitive Physical 3 3%
physiological T
20
Target-specific E>
Intervention <y g g % —
Research ki - WA
Children Adolescents Adults Elderly ! \\
@ [*)
J |8 5o T
@ L~ @ i3
Individuals with Vulnerable Patients Underserved
Disabilities Populations Populations
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NEUROPHYSIOLOGICAL EVIDENCE OF PLANT-MEDIATED THERAPY

How do plant exposure and horticultural activities influence human neurophysiological responses?

Plant exposure/ EEG & fNIRS assessment of neurophysiological responses

Horticultural activity
“‘i Visual
stimulation
- Tactile
stimulation

EEG Baseline
T

Time (SEC) © 1 2 3 4 5

Plant Interaction

Inw
’ ﬂ'"l MA;YA W
2 3 4 5

Time (SEC) © 1

Relaxation-related

neural activity EEG Waveform (Alpha)
A Olfactory p
3y stimulation Baseline
Auditory I f ol
stimulation o 8| ‘
Plant | iy p—"
'y § Interaction | 00 eesl — — —

Time (SEC)

Prefrontal hemodynamic
responses

w Physical
'~ engagement

Oxy-Hb Changes

Plant-mediated therapy induces measurable neurophysiological responses associated with cognitive restoration and emotional well-being

Representative studies: Kim et al.,, 2024, HortScience; Son etal., 2024, HortScience; Kim and Park, 2025, Plos One; Jeong et al,, 2026, HortScience and related studies

Key Neurophysiological
Findings

© Enhanced attention and
cognitive restoration

© Increased relaxation-related
neural activity

© Reduced stress responses

© Improved emotional
stabilization

© Modulation of prefrontal
cortical activity
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HORTICULTURAL ACTIVITY METHODS DIFFERENTIALLY MODULATE
COGNITIVE DEMAND AND NEUROPHYSIOLOGICAL RESPONSES

Different task methods within the same horticultural activity induce distinct neural states

LOW COGNITIVE DEMAND E EG LOW COGNITIVE DEMAND
Rise Fast Alpha Repetitive

Relaxation Responses Guided

Stress Reduction Simple Sequence

HIGH COGNITIVE DEMAND HIGH COGNITIVE DEMAND
Rise Gamma Decision-making

Rise Low Beta Planning

Cognitive Engagement Multi-step Processing

Cognitive Demand Can Be Strategically Modulated Through Horticultural Activity Design

Representative studies: Kim etal,, 2021, HortScience; Kim et al, 2022, Sustainability; Kim and Park, 2023, HortScience and related studies
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GROWTH STAGE-SPECIFIC HUMAN RESPONSES AND AI-BASED TEXT ANALYTICS

GROWTH STAGE-SPECIFIC HEALING PATTERN MODELING

STEP 01 STEP 02 STEP 03 STEP 04 STEP 05 STEP 06

SEED GERMINATION SEEDLING FLOWERING FRUITING HARVEST

0 0 ho @%@ 3%92 %

Multimodal Human Response Data
EEG / fNIRS /HRV / GSR / Behavioral responses / Emotional responses

Al-based Text Analytics
Narrative-based emotional analysis / Al-driven semantic analysis / Emotion-aware text mining / Language-based healing response analysis

Personalized Agro-healing Interventions Based On Growth Stage-specific Human Responses And AI-driven Text Analytics
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BIDIRECTIONAL ANALYSIS OF HUMAN-PLANT INTERACTIONS

MULTIMODAL ASSESSMENT OF HUMAN- \ika? 4 Al-driven Integrated Analysis
PLANT INTERACTIONS K

Simultaneous assessment of human and plant biosignals ] Integrated analysis of
| human-plant response data

Neurophysiological responses
Emotional responses

Behavioral responses : . Al-driven quelmg ?f
§ , Ty 4 , human-plant interaction
Interaction y /A~ ST patterns

Physiological responses

Electrophysiological signals £ S Personalized agro-healing
Bioelectrical activity & . . intervention strategies

Toward Personalized Agro-healing Interventions Through Bidirectional Human-Plant Interaction Analysis
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PHYSICAL AND BIOMECHANICAL RESPONSES TO HORTICULTURAL ACTIVITIES

Horticultural Activities Exercise intensity (ver) Key Biomechanical Findings
_— d4ar il & Low-Moderate-intensity physical activity
weging 7 =5 i © Moderate-intensity physical activity
5o 3.6 ' 3.9 © Task-specific muscle engagement
Seeding 15 : © Functional upper-limb activation
. © Rehabilitation-related movement patterns
Seeding Transplanting Weeding Harvesting Carrying ' 9 Potential for therapeutic physical intervention
Transplanting _;
Muscle Activation wmvo)
Harvesting : Horticultural activities induce
Y measurable biomechanical responses
ol o e | oo associated with functional rehabilitation
Carrying/ o | 1*Ble | 10 and health promotion
Transport rh i /| ‘ Jda rh
Sowing Transplanting Planting Harvesting Packing

Representative studies: Park et al, 2014, Intl. J. Gerontology; Lee et al., 2018, HortScience; Lee et al., 2025, HortTechnology and related studies
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AI-BASED ANALYSIS OF HORTICULTURAL TASK PERFORMANCE AND

HUMAN RESPONSES

Example: Digging | From subjective healing experiences to objective data-driven assessment

Joint position tracking
Trunk/knee angle analysis
Trunk inclination

Activity classification

Movement repetition
Movement speed

rPPG/PPG-based heart rate
Cardiovascular responses
Physiological arousal

| = Postural
B e . Characteristics
runk Flexion , rPPG signal
o Y . .
% . ':\ {) & .. ““r
e N 5 T Task Performance
4 B E L8 20801 Characteristics
"\ t Physiological
shovel Movement . R Response Measures
mrﬁécf;{ﬂ'
" ﬁ"‘ o Workload
- Assessment

Musculoskeletal load and fatigue prediction
Task safety evaluation

'

Al-driven digital biomarkers facilitate precise assessment of
horticultural activities and personalized intervention strategies
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AI-BASED PREDICTION OF MENTAL HEALTH RESPONSES IN AGRO-HEALING

Multimodal Physiological & Multimodal AI-based Quantification and Prediction of
Behavioral Data Acquisition Mental Health Modeling Therapeutic Outcomes
Real-time behavioral and physiological sensing Prediction of mental health responses using Al-driven Prediction of Mental Health Changes for
during horticultural activities multimodal biosignals Personalized Agro-healing Interventions
' SIS EIES S Al prediction performance
__ Polar  polartto (NN EChda < e T
5 4 ” / 4 \ __{ ‘.\ m Predicted Value
‘ aia 0 = o ,, = ) X
‘. = BeHSMMQ y !: PP P QL 111 ..x IR T T W N N DOLLTY. “ ‘ N g @ : ! ::
' Acceleration, Joint Angle, etc . 15 ; ‘. i. ;; s
g o Motion Mental Health 10 @ '.
=™+ Motion and posture oma ¥ " Meoics s 3 g 2
= features T T 5 s
« Heart rate and HRV e > Mg&}:}gfh
» Horticultural task —_— °
performance data Not) o Menaltosth A
-5 0 5 10 15 20 25 30

Accumulated Multimodal Activity-response Data Enable Al-based Prediction Of Individualized Mental Health Outcomes

Lee et al, 2025, Seneors
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TARGET-SPECIFIC PLANT-MEDIATED INTERVENTION

Children Adolescents Adults Elderly Individuals Vulnerable Patients
with Disabilities Populations

Aggression, sociality, ~ Stress, anxiety, Stress, depression, Depression, anxiety, Self-Esteem, Self-esteem, emotional  Depression, anxiety,
emotional depression, anxiety, burnout, cognitive function, resilience, vocational stability, resilience, emotional stability,
intelligence, etc. concentration, career healthy behaviors, chronic diseases, rehabilitation, physical function, life  physical
experience, etc. etc. immunity, physical etc. satisfaction, rehabilitation, etc.
function, life etc.
satisfaction, etc.

Data-driven Personalization Of Plant-mediated Interventions Across Diverse Populations







