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MOTIVATION

Weeks of patient data, minutes to make sense of it

Last visit Next visit
® ®
k= Sleep .

Night phone

» QQ Outings

Self-reports

Week 1 Week 2 Week 3

LLMs can interpret these signals, but clinicians still need to
judge what matters, examine the evidence, and decide what to explore next.
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How has sensing data been shown to clinicians?

SUDs
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Today's session felt like an improvement. | think
Jane did really well.

Partner

Dashboards of raw trends

Self-reports and sensor signals charted for
clinicians to read

(Schertz et al., 2019; Vaidyam et al., 2022)

Raw Data: GPT-4 Reasoning:
v _ot_homme ) 1. Time Spent at Home:
1268 - The time spent at home seems to be decreasing around the
1000 middle of the month, notably on 2019-05-14 and 2019-05-15
oea where it dips to 456 and 167 minutes respectively. This could
o indicate some unusual activity or a significant change in
- routine.
2. Sleep Patterns:

total time_asloep{minutes) - The total time asleep varies across the month. On 2019-05-04,
o] the individual slept for only 75 minutes. On the other hand,
. on 2019-05-13, they slept for 514 minutes. Erratic sleep
wo{ patterns can be an indicator of various issues, including

stress, anxiety, or other disorders.

= - The total time spent awake while in bed also sees fluctuations,
bl with some nights having prolonged awake times, suggesting

possible insomnia or restless sleep.

From trends to interpretations

LLMs write clinical interpretations of the
trends

(Englhardt et al., 2024; Evans et al., 2024)
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Patient Summary

Medical History - (Befors 2021-03-16) o Narrative Overview

>

Session Recap - (Last session, 2021.05-08)

Subjective/Objective: Persistent low mood,
poor sleep, appetite, and academic difficulties.

Assessment: Moderate to severe depression,
some engagement in therapy strategies.

m @ sources [

Medication Plan: Continue sertraline (50 mg.

once daily).
e visary
(betore 03.12)
w
~  Patient Data Insights - (20210509 to 2021-06-07)
v ® Psychological A4 Social o Filter: Biopsychosocial Model
Variable routine, activity, and affectindi-  + Earlier bedtime and modostly later wake  +
- cate no clear improvement in mood or time with stable total sleep indicate mildly
. functioning. shifting sleep patterns.
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i @ = .
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A sharp incroasa in inactive periods sug-
gests markedly reduced physical activity
around 2021-05-31

@ petails on Demand

insignt Typa: A
Summary Toasy

s

eTlmelme Navigation . summary Today - (z021-06-071 2 Draf Psisnt essage

Interpretations with sources

Insights with cited sources, timelines, and
details on demand

(Zou et al., 2026; Zhu et al., 2026; Van Dievoort et al.,
2026)



INTERACTIVE COMPUTING
K.".\EI_?.C LABORATORY

RESEARCH QUESTION

How should Al-generated interpretations be
explained to support clinical reasoning,
not merely justify model outputs?
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FORMATIVE STUDY

What clinicians need from explanations

We interviewed 12 psychiatrists from university hospitals and clinics in South Korea (4 female; mean age 44.5).

Rapid understanding within limited
DR1 consultation time
Surface what matters first; keep details one step away

Evidence-grounded clinical interpretation

DR2 Reasoning over accuracy: show the evidence behind
each view

Support for clinical inquiry

DR3 Turn remaining uncertainty into questions and
interventions
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From longitudinal sensing to clinician-centered explanations

Sensing + EMA

Sleep, activity, phone use, self
reports, etc.

Preprocessing

Cleaning, feature extraction,
baseline comparison,
1 window-based aggregation

Multi-agent reasoning

Domain agents reason over
different aspects; the Orchestrator
1 synthesizes their assessments.

Explanation interface

Supporting evidence, follow-up
questions, and intervention
recommendations

......

Dashboard (Example)
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0 Overview

—  Assessment first, agent
debate on demand

e Evidence & Actions

—  Trends, follow-up questions,
interventions




DR1 - RAPID UNDERSTANDING
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What changed since the last visit?

WHAT CLINICIANS TOLD US

With limited time, clinicians preferred to
see the main concerns first and access
details when needed.

IN THE INTERFACE

Synthesized clinical assessment
highlights the key changes

Debate highlights summarize how
the assessment was formed

Detailed agent reasoning remains
available on demand

Overview =1@)

Across the domain appraisals, sleep irregularity (increased sleep duration and variable sleep timing), reduced activity and mobility, and minimal in-person
social activity are appearing together, and that these interconnected behavioral changes are the key factors suslaining behavioral withdrawal and impaired
stress recovery. Accordingly, Stress and Sleep were judged Lo remain in a persistent high-risk state, and the Iikelibood of worsening depressive symploms
was assessed to increase if these behavioral patterns continue.

Debate Highlights
The final decision prioritized the consistency of objective behavioral data and cross-domain evidence. Stress (HIGH) and Slecp (HIGH) were therefore
maintained, and Depression (HIGH) was retained as a preemptive risk assessment reflecting behavioral changes and the upward trend rather than the
current symptom leve! alone. Anxiety (LOW) was kept given the lack of direct escalation signals, with monitoring planned in case sustained high stress
drives a change. Overall, the predictions are supported by the consistency of the behavioral patterns, but as some EMA data remain limited, a medium
level of confidence is appropriate.

« Individual Ascecsmenic
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DR1 - RAPID UNDERSTANDING

What changed since the last visit?

Discussion £

WHAT CLINICIANS TOLD US overview ﬂ ConSensus - soverly hgh GEP HIGH ~ ANNLOW  STRHIGH  SLE HIGH ]e

Labels retaired as a preemplive risk call, but reframed as conditional on trend persistence with

madium confidence — and the specialists’ checks became follow-up questions for the clinician
CLINICA ASSESSMENY
n Across the domain appraisals, sleep irreguldrity (increased sleepl  ancHESTRATOR'S INITIAL FROPOSAL
. . . . .. social activity are appearing together, and that these interconne o Orehestrator
W|th I Im |ted t|m e’ C||n IClans preferred to slress recovery. Accordingly, Stress and Sleep were judged Lo re)
was assessed to increase if these behavioral patterns continue. FINAL PREDICTIONS
see the main concerns first and access GEP.MGH | ANKLOW | STRWIOH  SLEHGH
. Debate Highlights
detalls When needed . The final decision prioritized the consistency of objective behq GLIMIEAL FoRMuULATION
maintained, and Depression (HICH) was retained as a preempt Parsistent sheep irregularity, reduced daytime activity, and minimal social exposure
current symptom leve! alone. Anxiety (LOW) was kept given th indicate impaired recovery and behavioral withdrawal — increasang the likelihood
drives a change. Overall, the predictions are supported by the that depressive symptoms will escalate over the next 14 days.

level of confidence is appropriate.
PERSISTEMT REHAVIORAL PATTERNS

+ Sleep imegularity persists: longer duration, unstable timing.

I N T H E I NTE RFACE « Low activity, mobility, and in-person social contact continuse.

* Stress i already a1 the clinical thrashold, with Emited recovery signals,

CROSS-DOMAIN WECHARIEME

Prisnary pathway

SyntheS|Zed Cl|n | Cal assessment Sleop Froguldnity =+ pooner reflorathve resovery = suitained stross
highlights the key changes Secondary pathmay

Reduced activity and soclal contact -+ behavioral withdrawal - higher vulnerability to

depressive progression.

Debate highlights summarize how
the assessment was formed

SPECIALISTS RESPOND

& HOW EACH SPECIALIST VOTED

Detailed agent reasoning remains G horees 3 '

available on demand X Disagrees 3
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DR2 - EVIDENCE-GROUNDED INTERPRETATION

What evidence supports this interpretation?

WHAT CLINICIANS TOLD US s. Sleep ~D«=agree=o

Objective disruption # subjective impairment — the current sleep complaint is low,
Describe a risk, and ask about naps and unrefreshing sleep to tell recovery from
disorder.

Hide details «

Clinicians wanted Al interpretations to

i i i M_1  DISPUTED Dotatrends  £vAimods  Sensor fesbares o—
remain traceable to the evidence behind o
. . . . . Claim: Objective sleep disturbance (increased total sleep with high night-to-night Sleep duration . Stepcoue ¥ Home Gme ¥ Sty localion limg
them ] |nCIUd| ng Cco nﬂ |Ct|ng eVIdenCG 0 timing variability) will likely produce subjective sleep impairment next week if . . -
B Frone use duration s Social el (seif-repert]

sle n remains elevated (mean_7d = 8.07 h) and sleep_start variability
persists (sb e

Sheep duration |-

8.07 h) and shows an increasing within-week signal

. —
* Sleep timing shows high within-week variability / drift (sleep,_timing_shift mean SremserSee—
IN THE INTE RFACE =47.4 min; std_7d =55,34), indicating unstable bed/rise séheéi;hni) this week \

* Cross-domain drivers that support persistence of disturbance: low daytime steps
(mean_7d = 3,623) and reduced maility, which lower sleep homeostatic pressure
and favor longer/fragmented slee

— .

o Com petlng |nterp retatl OnS and . f:’r‘r;epli?; ITZ’ZZI:::"Z!"’%'S‘ = 4.0 provides an aroD nput that can worsen sleep
agent disagreement remain visible v Counter (2)

* Subjective sieep complaint on EMA is currently low (ste
EMA sampling is sparse (count = 2), so thereisnot y

EaCh C|a| m exposes both Suppor“t'ng sleep impairment to confirm objective-» subjective transiation . g agna -
g * Nighttime activation signals are inconsistent (night_activity mean_7d = 5.55; ECtIUItY_IEVEl = 3623.14
and COU nter eVldence night_phone_use reduced vs baseline), so nocturnal arousal as a perpetuator is T, 3

ambiguous this window .

Suggested revision: Soften language: state that objective increases and timing

e EVldence I |n kS baCk tO the instability raise the risk of subjective sleep impairment next week but do not
. . guarantee it given current low subjective complaint and sparse EMA. Recommend
longitudinal data

targeted EMA | follow-up question (napping, refreshed waking) to resolve



DR3 - SUPPORT FOR CLINICAL INQUIRY

What should | ask the patient next?

WHAT CLINICIANS TOLD US

Clinicians valued follow-up questions
that helped clarify what remained
uncertain before making a judgment.

IN THE INTERFACE

Follow-up questions are generated
from unresolved findings

o “Why ask?” shows the uncertainty
each question is meant to resolve

e Intervention suggestions connect
findings to possible next steps

o. Questions , Interventions

Sleep

Have you been sleeping substantially more than usual or taking
daytime naps most days over the past week, and do you usually
wake feeling refreshed or unrefreshed?

« Why ask? Add note

Stress

In the past few days, have any external stressors or schedule
changes begun or persisted (work/school deadlines, caregiving,
iliness, travel) that you expect to last through next week?

» Why ask? Add note
Sleep Depression Stress

Have you had any changes in routine (work/school schedule,
travel, medications, iliness) that could explain sleeping more
and being less active and social in the past two weeks?

If yes, what changed and when?

» Why ask? Add note
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e Why ask? | = Add note

Contextual causes (schedule, medication, iliness) would indicate a
situational driver that may remit and reduce near-term psychiatric
risk versus a non-situational pattern signaling mood-related
withdrawal

Questions , Interventions e

DETERIORATION RAISE THIS VISIT

Persistent sleep disruption with elevated stress and
behavioral withdrawal (most likely deterioration pathway).

. If sleep_duration remains elevated and sleep_start variability
persists next week, attention to patient-reported daytime
impairment (excessive sleepiness, naps, nonrestorative
waking) and repeated self-reported stress becomes
intervention-relevant — these signs indicate circadian
disruption and reduced recovery that sustain stress and raise
depression risk.

Sleep irregularity + withdrawal drive persistent stress (observed
stress = 4) and are mechanistically linked to depressive escalation;

detecting daytime impairment confirms that objective sleep changes
are clinically impactful



INTERACTIVE COMPUTING
KAIST tCLAB ORATORY

DISCUSSION

From Al explanation to clinical sensemaking

Identify Evaluate Act
: Clinical
AI gxplanatllon Bring the most Keep SULCREINE NN  sensemaking
IlnSIg_TtSd TFOflnd”fh relevant changes interpretations uncertainty into under time
ongitudinal data into focus traceable to the the conversation constraints
evidence

Limitations & Future Work

Represent sensing uncertainty Evaluate in clinical settings Make explanation interactive

e.g., data quality, missingness, and with practicing psychiatrists and patients clinicians correct it and the system
sparse self-reports beyond students learns from it

10
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Designing Clinician-Centered Explanations for
Sensing-based Longitudinal Mental Health Monitoring

Esther Kang, Youngji Koh, Seungwan Jin, and Uichin Lee

Summary

® 12 psychiatrists, three requirements
: rapid understanding, evidence-grounded interpretation, clinical inquiry

e Beyond presenting insights, supporting clinical reasoning
: assessment first, competing evidence kept visible, uncertainty turned into questions

Thank you! esther.kang@kaist.ac.kr
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