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From Tool to Partner: The Evolution of Human -Computer Interaction, Jonathan Grudin, 2018

Interface as Hardware
: 

TpguxbsfUfsnjobmEjbmphvfSocial & Ubiquitous
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      /ŐMan- Computer Symbiosis

J.C.R. Licklider 1960
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Positive Computing From Productivity to Flourishing
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Onrhshud Bnlotshmf, Rafael A. Calvo, 2014 
Hmsdkkhfdms onrhshud bnlotshmf with mobile, wearable, and IoT devices: 
Literature review and research directions, Lee et al., 2019 

Proactive People ῃnot only do more but be more 

Lnuhmf nm eqnl Vdhrdqŝr Uhrhnm ne B`kl Bnlotshmf9 Dmf`fhmf TahBnloDwodqhdmbdr+ 
Yvonne Rogers, Ubicomp 2006
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How should we define health? 

M Huber, JA Knottnerus, L Green, H Van Der Horst, BMJ  2011 
World Health Organization. Decade of Healthy Aging 

(2020-2030)

 (Healthy Aging) 10  -  (Lifestyle 

Medicine)        

 ¸   ( , 2020)

 10
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Data, Data, Data

The relative contribution of multiple determinants to health outcomes, Health Affairs 2002 

https://www.slideshare.net/curamroundtable/day-1-gs1-2-steve-mills-ibm-sr-vice-pres-group-exec-software-systems

https://www.slideshare.net/curamroundtable/day-1-gs1-2-steve-mills-ibm-sr-vice-pres-group-exec-software-systems


-! -!JpU!! ! ! !! ! !
nņěƂǅŧ âņƂŝʩëƶěĹžūƋş ǋƼūƋş ¯ƓķūƂņʓ ĈņěƶěķƂņʓ rƓë Eěǅě

https://twitter.com/DigitalDHealth/status/1425861928648282116 https://www.nature.com/articles/s41746-019-0084-2
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ʡhttps://www.sciencedirect.com/science/article/pii/S1871678412000477 
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https://twitter.com/DigitalDHealth/status/1425861928648282116
https://www.nature.com/articles/s41746-019-0084-2


EūşūǅěƂ ëŧņƶěƲņǋǅūĹƼ 
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https://peartherapeutics.com/science/prescription-digital-therapeutics
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(SaMD: Software as a Medical Device)

          

https://peartherapeutics.com/science/prescription-digital-therapeutics
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Medicine

Human
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(Sleepio Big health)

 
(TAU: Treatment As Usual)
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(PursueCare)

ADHD   
EndeavorRX (AKL- T01)
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(Propeller Health)
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    (Receptivity/Engagement)
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DTx  
(Distal Outcome) :  , , , 
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DTx  (BIT  ): , 
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DTx  
(DTx Usage Experience)
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  (Adherence) 
( , Proximal Outcome)
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Happy Abandonment
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Attrition
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Abandonment

 Disengagement
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(Behavior Adherence)

Adoption



     ῃ   50%  

Project Initial Uptake (%) Final Week (%) Completers (%) 

EVO 42% 20% 14%

Apívate ! 100% 82% 50%

Moodivate 100% 50% 50%

IntelliCare: self-guided 100% 83% 83%

CBT-PPT  77% - 33%

Get Happy Program Mobile App 68% - 45%

Digital Mental Health Interventions for Depression: Scoping Review of User Engagement, 

Lipschitz JM, Van Boxtel R, Torous J, Firth J, Lebovitz JG, Burdick KE, Hogan TP  J Med Internet Res 2022;24(10):e39204 doi: 10.2196/39204 

Rate of uptake: number of participants randomized to the intervention who used it at least once

Final week: duration of use based on what fraction of users used in the final week

Completer: participants who completed the intervention as intended per intervention instructions or per specified adherence criteria
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low engagers, 
36.5%

late engagers, 
21.4%

high engagers 
with rapid 

disengagement, 
25.5%

high engagers with 
moderate decrease, 6.0%

highest engagers, 
10.6% 

All 
users
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Understanding Disengagement in Just - in- Time Mobile Health Interventions, Joonyoung Park and Uichin Lee, PACM IMWUT 2023 (Best Paper Award)

   (DTx Engagement)        (Behavior Adherence)

  (     ) -      (Stand Up & Walk)
    - SC: Self- Control , BD: Boredom Proneness   
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    ῃ         
Data-Driven Strategies for Engagement Empowerment

Inform & Act
Data-driven Just-in-time Intervention

ῊYou reached your daily goal!Ή

ñIf you donôt feel good ow, please 

do this exerciseò

Intelligent Positive Computing with Mobile, Wearable, and IoT Devices: Literature Review and Research Directions, Lee et al., 2019

Analyzing ñsituations requiring engagementò: What?

Offering ñinterventions enabling engagementò: When & How?

Collect
Sensor + Log Data

Analyze & Learn
Data Processing & Machine Learning

Ὴ   Ή

Ὴ   Ή



  -    
Digital Phenotyping- Finding Situations Requiring Engagement

The Digital Phenotype: a Philosophical and Ethical Exploration, 2019 
https://www.researchgate.net/figure/Analogies-between-the-extended-phenotypes-of-spiders-and-humans-Built-with-Apple-Keynote_fig1_325704224
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https://www.researchgate.net/figure/Analogies-between-the-extended-phenotypes-of-spiders-and-humans-Built-with-Apple-Keynote_fig1_325704224


  ῃ  : y = f(x) 
Digital Phenotyping - Mapping : y = f(x) 

Toward clinical digital phenotyping: a timely opportunity to consider purpose, quality, and safety, 2019

Depression

yx
f(x)



EūşūǅěƂ ØŧņƋƓǅǨƲūƋş ʩĎƓǋƶ ØŧƓƋņ ¤ƋƓǢƼ ĎƓǋƶɹņ EņƲƶņƼƼņĿ !

Mobile Phone Sensor Correlates of Depressive Symptom Severity in Daily-Life Behavior: An Exploratory Study, 

Sohrab Saeb et al., 2015 https://www.jmir.org/2015/7/e175/

https://www.jmir.org/2015/7/e175/


Digital Phenotyping -ĎƓǋƶ nƓƉņ ¤ƋƓǢƼ ĎƓǋʴƶņ EņƲƶņƼƼņĿ  

Harnessing Home IoT for Self-tracking Emotional Wellbeing: Behavioral Patterns, Self-Reflection, and Privacy Concerns, 

Youngji Koh, Chanhee Lee, Eunki Joung, Hyunsoo Lee, and Uichin Lee, PACM IMWUT Vol. 9, No. 3, Article 96. 2025  

User ID

Door

Chair

Movement

Microwave

Fridge

Washer

Cleaner

Sleep

Humidity

Temperature

Brightness

IoT Sensors + Mobile/Wearable

Correlated, but significant individual variations exist 



Digital Phenotyping - Your Phone Knows Cognitive Function  

S-ADL: Exploring Smartphone-based Activities of Daily Living to Detect Blood Alcohol Concentration in a Controlled Environment, 

Hansoo Lee, Auk Kim, Sangwon Bae, Uichin Lee ACM CHI 2024 

Detecting Blood Alcohol Concentration Levels Using Smartphone ADL Data

- ADLs (Activities of Daily Living) are widely used for functional assessment 

Phone Number Register & Call 

Phone Receive & Reply 



EūşūǅěƂ ØŧņƋƓǅǨƲūƋş ʩĎƓǋƶ ØŧƓƋņ ¤ƋƓǢƼ ?ƓşƋūǅūǡņ dǋƋĹǅūƓƋ!

S-ADL: Exploring Smartphone-based Activities of Daily Livingto Detect Blood Alcohol Concentration in a Controlled Environment, 

HansooLee, Auk Kim, SangwonBae, Uichin Lee ACM CHI 2024 

Detecting Blood Alcohol Concentration Levels using Smartphone Data

S-ADL : Smartphone 

Activities of Daily Living 

Vs. 

CNT : Computerized 

Neurocognitive Test (e.g., 

n-back, working memory test) 

vs.



Digital Phenotyping - Workplace Mental Wellbeing  /  

(Emotion Regulation)
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 Display Rule

Gopher, D., & Braune, R. (1984). On the psychophysics of workload: Why bother with subjective measures?. Human factors, 26(5), 519-532.

ñEmotional Workloadò in Emotional Labor Contexts  



EūşūǅěƂ ØŧņƋƓǅǨƲūƋş ʩĈƓƶžƲƂěĹņ ¯ņƋǅěƂ ĈņƂƂķņūƋş ! 0 !

Hide-and-seek: Detecting Workersô Emotional Workload in Emotional Labor Contexts Using Multimodal Sensing, 

Eunji Park, DuriLee, YunjoHan, James Diefendorff, and Uichin Lee PACM IMWUT 2024

ñEmotional Workloadò in Emotional Labor Contexts  



Collect
Sensor + Log Data

Analyze & Learn
Data Processing & Machine Learning

Inform & Act
Data-driven Just-in-time Intervention

ῊYou reached your daily goal!Ή

ñIf you donôt feel good ow, please 

do this exerciseò

Intelligent Positive Computing with Mobile, Wearable, and IoT Devices: Literature Review and Research Directions, Lee et al., 2019

Analyzing ñsituations requiring engagementò: What?

Å Digital phenotyping is to find a mapping function from data: y=f(x)  

Å Examples: depression, cognitive function, alcohol levels, 

problematic in-class phone usage behaviors 

Offering ñinterventions enabling engagementò: When & 

How?

    ῃ         
Data-Driven Strategies for Engagement Empowerment

Ὴ   Ή

Ὴ   Ή



   -      
Just-in-Time Health Intervention - Providing the Right Type of Support at the Right Time

Naughton et al. 2016. A Context-Sensing Mobile Phone App (Q Sense) for Smoking Cessation: A Mixed-Methods Study. JMIR mHealth and uHealth, 4(3), e106

McTavish et al. 2012. How Patients Recovering from Alcoholism Use a Smartphone Intervention. Journal of Dual Diagnosis, 8(4)

Pina et al. 2014. In Situ Cues for ADHD Parenting Strategies Using Mobile Technology. PervasiveHealth ó14

Apple Watch/Fitbit
suggests stand-up exercise 

at prolonged sedentariness

Q-Sense
triggers warnings when coming to 

frequently-smoked locations 

(Naughton, 2016)

A-CHESS
delivers support messages when 

a subject goes near pubs and bars 

(McTavish, 2012)

ParentGuardian
reminds behavioral strategies 

when detecting negative valence 

(Pina, 2014)
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When to Engage with Users in JIT Mobile Intervention?

Multi-Stage Receptivity Model for Mobile Just-In-Time Health Intervention Woohyeok Choi, Sangkeun Park, Duyeon Kim, Youn-kyung Lim, and Uichin Lee 

Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies (IMWUT), Volume 3, Issue 2, Article 39, June 2019

       
Multi - Stage Receptivity Model for Just - in- Time Mobile Intervention



      ?
When to Engage with Users in JIT Mobile Intervention?

Multi-Stage Receptivity Model for Mobile Just-In-Time Health Intervention Woohyeok Choi, Sangkeun Park, Duyeon Kim, Youn-kyung Lim, and Uichin Lee 

Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies (IMWUT), Volume 3, Issue 2, Article 39, June 2019



      ?
When to Engage with Users in JIT Mobile Intervention?

! ! -! ! ! ! ! -! ! -! ! ! ! !

Multi-Stage Receptivity Model for Mobile Just-In-Time Health Intervention Woohyeok Choi, Sangkeun Park, Duyeon Kim, Youn-kyung Lim, and Uichin Lee 

Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies (IMWUT), Volume 3, Issue 2, Article 39, June 2019



    
Proactive Intervention via Multimodal Sensing

            

ñHello There! Is Now a Good Time to Talk?ò: Opportune Moments for Proactive 

Interactions with Smart Speakers, Narae Cha, Auk Kim, Cheul Young Park, Soowon

Kang, Mingyu Park, Jae-Gil Lee, Sangsu Lee, and Uichin Lee, PACM IMWUT 2020

ñIn That Small Space with Just the Two of Usò: User Experiences with Cumpa

in a Robotic Counseling Center, Chanhee Lee, Eunki Joung, Youngji Koh, Esther Kim, 

Sohwi Son, Sunjung Kwon, and Uichin Lee, PACM HCI / ACM CSCW 2025

   



LLM    
LLM-based Context-aware Personalized Intervention 

! !)MMN*!! ! ! ! !

Exploring Large Language Models for Issuing Just-in-Time Adaptive 

Interventions Fostering Physical Activity in a Prospective Cardiac Rehabilitation 

Setting, Haag et al., CHI 2025

MindShift: leveraging large language models for mental-states-based problematic 

smartphone use intervention, Ruolan Wu, Chun Yu, Xiaole Pan, Yujia Liu, Ningning Zhang, 

Yue Fu, Yuhan Wang, Zhi Zheng, Li Chen, Qiaolei Jiang, Xuhai Xu, Yuanchun Shi, CHI 2024
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MindShift - Simple:    

MindShift :  +     
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    ῃ         
Data-Driven Strategies for Engagement Empowerment

Analyzing ñsituations requiring engagementò: What? 

Å Digital phenotyping is to find a mapping function from data: y=f(x)  

Å Examples: depression, cognitive function, alcohol levels, 

problematic in-class phone usage behaviors 

Offering ñinterventions enabling engagementò: When & How?

Å Multi-stage receptivity model: perceived Ą available Ą adhering  

Å Availability: context-aware interaction support

Collect
Sensor + Log Data

Analyze & Learn
Data Processing & Machine Learning

Inform & Act
Data-driven Just-in-time Intervention

ῊYou reached your daily goal!Ή

ñIf you donôt feel good ow, 

please do this exerciseò

Ὴ   Ή

Ὴ   Ή



, , ,   
Towards Personal, Dense, Dynamic, Longitudinal Data Clouds

A wellness study of 108 individuals using personal, dense, dynamic data clouds, Nature Biotechnology volume 35, pp 747ï756 (2017) 
Nathan D Price, Andrew T Magis, John C Earls, Gustavo Glusman, Roie Levy, Christopher Lausted, Daniel T McDonald, Ulrike Kusebauch, Christopher L Moss, 

Yong Zhou, Shizhen Qin, Robert L Moritz, Kristin Brogaard, Gilbert S Omenn, Jennifer C Lovejoy & Leroy Hood https://www.nature.com/articles/nbt.3870

Data driven 

health insights & 

JIT intervention 

Health data collection: 

Genome, Labs, Self-Tracking, Microbiome 

P100 Study ïStanford 

Coaching: lifestyle change 

based on personal health data

https://www.nature.com/articles/nbt.3870


       
Towards Empowering Users for Health Data Engagement  

Data collection: Burden ƃQuality Ɓ

Mental health 

self-tracking

Causal relationships 

(e.g., DeepStress)

Analytics: Deeper actionable insights Ɓ 

What-if exploration

(e.g.,CounterStress) 

Wearable & 

IoT Tracking
https://www.iotcentral.io/blog-all/a-hrefwearables-

body-sensor-networks-smart-portable-devicesa 
https://www.linkedin.com/pulse/data-types-sources-understanding-variety-

you-may-encounter-sharma-ssjdf

DataSentry: Building Missing Data Management System for In-the-Wild Mobile Sensor Data Collection through Multi-Year Iterative Design Approach, CHI 2025

DeepStress: Supporting Stressful Context Sensemaking in Personal Informatics Systems Using a Quasi-experimental Approach, CHI 2024 

CounterStress: Enhancing Stress Coping Planning through Counterfactual Explanations in Personal Informatics, Gyuwon Jung and Uichin Lee, ACM CHI 2025

https://www.iotcentral.io/blog-all/a-hrefwearables-body-sensor-networks-smart-portable-devicesa
https://www.iotcentral.io/blog-all/a-hrefwearables-body-sensor-networks-smart-portable-devicesa
https://www.linkedin.com/pulse/data-types-sources-understanding-variety-you-may-encounter-sharma-ssjdf
https://www.linkedin.com/pulse/data-types-sources-understanding-variety-you-may-encounter-sharma-ssjdf


      
Towards Data-EƶūǡņƋ ʱØņƶƼƓƋěƂʲ EūşūǅěƂ nņěƂǅŧ !şņƋǅƼ

Google PH-LLM: Personal Health LLM (2024) 

WellMax, ACM SenSys 2025

Based on your recent activity level, poor sleep, and high stress, you should focus on 

strategies that optimize your productivity while minimizing additional stress. Here's the plan:

1.Prioritize Quality Over Quantity:

Å Focus on Key Points: Identify the most critical elements of your presentation...

Å Simplify: Streamline your content to make it clear and concise...

2.Active Review and Practice:...

3.Stress Management Techniques:...

4.Sleep and Rest:...

...

By following these steps, you can maximize your productivity while effectively managing 

stress, even with the constraints of low sleep and a high-stress environment.
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Talk2Care, PACM IMWUT 2023
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Agentic AI:   
Agentic AI: Behavior Simulations and Multi-agent Collaboration

Generative Agent Simulations of 
1,000 People Park et al., 2024 

MDAgents: An adaptive collaboration 
of llms for medical decision - making, 

Kim et al., NeurIPS 2024

Towards conversational diagnostic 
artificial intelligence, Tu et al., 

Nature 2025
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ñƋĿņƶ ǅŧņ nƓƓĿʒ Eěǅě ÛǋěƂūǅǨ ˬ ÜņƲƶƓĿǋĹūķūƂūǅǨ rƼƼǋņƼ 

A Reproducible Stress Prediction Pipeline with Mobile Sensor Data, Zhang et al., PACM IMWUT 2024 COMPass: Context-Oriented Mental Health Modeling for Passive Sensing Using Large 

Language Models, Kim et al., Under Review

! ! ! ! < ML> =MMN! ?

! ! !ῃ! ! -! ! ! !!!

Å   (Common view) vs.   (Population view) 
Å    (Nomothetic ) vs.   (Idiographic, Personalized) 
Å    (Uncertainty- aware learning) 
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