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Background — HEATS Project

Aims: Develop technological and behavioural solutions to improve sleep

Smartwatch Nudges Cooling Homes

Smart solutions to cool
during sleep at home

Just-in-Time Adaptive
Interventions for better
sleep environments

My PhD
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Study 1: What is JITAI?

Just-in-Time Adaptive Interventions are context-aware recommendation
systems that deliver timely and personalized support based on users’ needs

and situations

* Originally developed in mobile health to support self-management
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now I
Try airing your room

(e.g. reducing sedentary behavior and promoting physical activity)

for 20 min or using an
air purifier tonight.

Not helpful

* This study applies JITAIs to the built environment field to
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investigate whether they can nudge occupants toward indoor & Helpful /

setting adjustments
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Study 1: Aim & Objectives

Research Aim:
To develop a smartwatch-based JITAl system for improving bedroom IAQ during sleep
conduct a two-month field deployment to evaluate it

Objective Objective 2 Objective 3
Develop an Apple Conduct a two- Analyze usefulness,
Watch-based JITAI month field adherence, and

system deployment effectiveness
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Study 1: JITAI System Framework

now
using an
air purifier tonight.
Not helpful Chang‘
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Study 1: Study Design

60 study days Micro-Randomized Trial (MRT)

Intervention-period data

"~ ; F°"'je°°h 50% . JITAltriggered
. - ay i
@ : ¢ & received £
2 > Bassekl;zre, :anQt:nd > Experiment group
MRT :

50% _  JITAI triggered

ag & not received

Control group
Onboarding Pre-JITAI (10 days) Intervention period (40 days)

No JITAl intervention | With JITAIl intervention

s Long-term
........................ ;?‘Qmp@{ e % effects
> Post-intervention

IEQ and sleep data
S .y, Short-term
................. Compare----J» effects
Post-JITAI (10 days) Offboarding
| No JITAl intervention



HEATS

Evaluation Metrics

Sleep Room
Measurements J EQXLL?”.:Q?Q}S
Apple Watch Series 10 \,\ /' Quality &
4 Environmental
Monitoring

\
\
\
EMA ____® . Supplementary
Feedback Metrics
Apple Watch Series Onboarding survey, weekly

10 + Cozie for IOS

survey, offboarding survey,
action button, and
interview




Triggered nights (eligible)

JITAIl sent nights

Adherence nights

Nights with positive
environmental-related impact*

Study 1: Preliminary Results

1AQ JITAI

816 (34 participants)
L
412 (34 participants)

101 (26 participants)

59 (19 participants)
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100%

50.5%

12.4%

7.2%

Cooling JITAI

A A
263 (38 participants)
|
139 (33 participants)

34 (16 participants)

14 (10 participants)

100%

52.9%

12.9%

5.3%

Warming JITAI

129 (31 participants)
A4
75 (26 participants)

18 (13 participants)

12 (10 participants)

1. JITAl days and non-JITAI days were around balanced: 50% vs. 50%

2. The overall adherence rate was around 20%

3. About half of the adherence nights showed a positive environment-related impact

100%

58.1%

14.0%

9.3%
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Study 1: Preliminary Results

JITAl can encourage participants to change AC setpoints and fan speeds, with an

overall adherence rate of around 24%

Proportion of nights with target behavior detected

100% 1

80% -

60% -

40% -

20% A

0% 1
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| 24.4% 25.0%
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Window open

Lower setpoint Increase setpoint

| Without JITAI day

[ | with JITAI day

Poor sleepers and
agreeable individuals

showed higher JITAI

adherence.
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What Next?

We developed 12 JITAIs covering sleep health, physical activity, and indoor

environmental behaviors, with further analyses and dataset release planned

7

Intervention components

12 JITAIs across:
sleep health,
physical activity,
and indoor environment

3 message framings:
Authority, Consensus,
Commitment

behavior change prompts
delivered during the study

N\

Behavior Change
JITAI Dataset

sleep, thermal comfort,
activity, and environment

J

Release Soon

r

Evaluation & collected data

Apple Watch physiological
& activity data

Environmental data

EMA questionnaires

Weekly survey

End-of-study survey

Exit interview

~

10
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Study 2: Dynamic Bedroom Temperature Control

Lab-based studies suggest that adjusting bedroom temperature with core body

temperature during sleep can improve sleep outcomes

pre-sleep first half second half
e
O Slightly _|
4‘-6 warm
N Core body
c temperature change
()
o Neutral —
TU Baseline for comparison
£ .
= Slightly _| - - - - Togo etal. (2007)
& cool :
- l : : Teramoto et al. (1998)
gboe:'jo Time WS:e Zhang et al. (2025)

BUT!!! These lab findings may not directly transfer to real homes

11
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Study 2: Aim & Objectives

Research Aim:
To build aresearch prototype to implement dynamic temperature control in residential

bedrooms and conduct a field evaluation in Singapore to examine its effects on sleep and

thermal comfort

Objective Objective 2 Objective 3
Build a prototype for Design an algorithm Evaluate the
field data collection for AC setpoint prototype in real

and AC control optimization bedrooms

12



Data collection

Outdoor | A<
Environmental | weather data
(via API)
Indoor Q
Environmental
IEQ data
Sleep &
Physiological
Physiological
data
Subjective

feedback

EMA data

e o e o e e e e e o e e e e e e
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Study 2: Research Prototype Design

Automatic control program

1 Go=} 1
adWS | ambda Function T .
1 : -
11 (00 [~ | o
Iy (ED Data _— <=9 1 Control execution
INflux e o e e e e e e e e e e e e ———
EI?@ Processor }text data it S

|
|
AC state log ! : !
Dynamic (" | Sensibo Sky :
Control  — tonight's temperature proﬂle-l—bt I
|
|
|

Bedroom

: adjust ambient regulation
environment

Algorithm o~ ate——11+ Kl smart controller
Frari 1 | Sensibo API
v
load - - -l ————————————————— ’
E ® £ save : command
[°_| T |_°1 load :AC status
RL agent AWS S3 bucket ;|
r -~ S - - - -5 -5 - - - - s v - = ___ -
1
: subjective ' manual user_> @ UW :
l " CIV override =XCCS o
| and objective (=]
| Mmeasures AC remote Bedroom AC
|
|
N

Feedback loop
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Study 2: Temperature Curve Design

Slightly _|
warm

+1°C

Neutral —

Slightly _|
cool

L. Backto neutral to
pre-sleep first half second half support REM sleep

> bedtime

> Baseline profile

/ ? _T i_m_e_i[] _B_egl (T1B) Dynamic
| | profile

1/2 TIB

Thermal sensation

-1°C

Slightly warm to reduce <

sleep onset latency

goto . wake
bed Time up

“* Reduce to slightly cool to
increase deep sleep

14
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Study 2: Study Design

Micro-randomized trial (MRT) to reduce the impact of field covariates

50% [ Intervention |.S(?]ttlto the Evening \/ Dynamic Morning
night Sightly warm survey profile survey

temperature
o0 on each
‘a study night
‘Tﬂr
N=18 50% Baseline ] S?e&?r?le Evening Baseline Morning
(30 nights/each) l night temperature survey profile survey
1 hour before goto sleep wake 90 min
avg. bedtime bed control up after

start wake-up
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Study 2: Key Findings

The desired dynamic temperature profile was successfully achieved in around 80% of

participants’ bedrooms

Target profile 28

achieved
(n=14):

Temperature (°C)
N N
N o

N
N

20

Dynamic (min-max)

Baseline (min-max)
—— Dynamic mean
—— Baseline mean

0o 2 4 6 8 10
Participant 8 - Sleep duration (h)

Target profile
not achieved
(n=4):

30

Dynamic (min-max)

Baseline (min-max)
—— Dynamic mean
—— Baseline mean

Temperature (°C)
N N
G

N
S

22 - . ;
0 2 4 6
Participant 16 - Sleep duration (h)
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Study 2: Key Findings

The desired dynamic temperature profile was successfully achieved in around 80% of

participants’ bedrooms

The proposed temperature curve did not improve sleep, possibly because the

intervention was not strong enough

A pilot study showed that this tool can support field deployment of RL and learn

from occupant interactions and feedback in residential buildings

17
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Key takeaways

1. A scalable research tool for residential human-building interaction research

2. This platform support RL customization and automated field operation

Field

Scalable deployment

Automated

RL customization operation

18



The Effects of the Thermal Environment on Sleep
and Novel Control Solutions

Contact me:

Thank you! (=], =]
=N "l:.'!l:

Any questions? %‘

O fptn, o
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