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Abstract. Just-in-time adaptive interventions (JITAIs) deliver support
exactly when people need it most, using sensor and context informa-
tion to time short interventions around moments of heightened risk or
opportunity. They are especially promising for wearable devices, which
can provide always-available, low-friction prompts in everyday life. Yet
early-stage JITAI research is slowed by the engineering effort required
to build full sensing and decision pipelines before basic questions about
timing, content, means of gaining user attention, and user experience
factors can be explored.
We present JITAI-Wizard, an open-source1 Android and WearOS frame-
work for conducting Wizard-of-Oz studies of wearable JITAIs. In our ap-
proach, a human operator remotely triggers predefined micro-interventions
manually or automatically on a smartwatch, simulating an intelligent JI-
TAI. Our free and fully open-source software allows the community to
design and evaluate interventions, explore use cases, and test hypotheses.
The Wizard-of-Oz element is further strengthened by a programmable,
minimalistic avatar, acting as a smart assistant. To validate our software,
we conducted JITAI experiments with 10 participants in an induced in-
tensive hand-washing setting, where participants with previously dirtied
hands received interventions when washing their hands for too long. We
evaluated the response rates, hand-washing durations, and general user
feedback, and concluded how JITAI design can profit from our openly
available application framework.

Keywords: Wear OS · JITAI · Wearable Sensing · Just-in-Time Adap-
tive Interventions · Wizard-of-Oz

1 Introduction

Wearable devices have become a pervasive platform for sensing and interaction,
enabling continuous capture of physiological, behavioral, and contextual signals
in everyday environments. In parallel, advances in human activity recognition
(HAR) have made it possible to infer fine-grained user states such as physical
1 https://github.com/RBurchard/JITAI-WizardAndroid
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activity, routines, and context transitions from multi-modal sensor streams [29].
This convergence has created new opportunities for delivering timely, personal-
ized interventions directly on the body, without requiring explicit user input or
attention shifts to secondary devices [1].

Just-in-time adaptive interventions (JITAIs) operationalize this vision by de-
livering support at moments of heightened relevance, such as when a user is at
risk of performing an undesired behavior or is particularly receptive to guidance
[17]. They have been shown to have moderate to large effect sizes in health-
related studies [26]. In contrast to static or schedule-based notifications, JITAIs
rely on continuous sensing, inference, and decision-making pipelines to deter-
mine when and how to intervene. For wearable platforms such as smartwatches,
this paradigm is particularly attractive: interventions can be short, unobtru-
sive, and tightly integrated into ongoing activities. As an example, Wang et al.
identified just-in-time support as a promising approach for helping individuals
with obsessive-compulsive disorder (OCD) manage symptoms in everyday life
[27], highlighting opportunities for personalized symptom tracking and context-
aware interventions that address challenges not adequately supported by existing
treatment tools.

Despite this promise, the development of JITAIs remains technically demand-
ing. Implementing a fully automated pipeline requires robust activity recognition
models, reliable context detection, and carefully tuned decision logic. In early
research stages, these components are often underspecified or subject to rapid
iteration. As a result, substantial engineering effort is invested before fundamen-
tal questions can be addressed, such as which intervention timing strategies are
effective, how one can best gain the user’s attention, how users perceive inter-
ruptions in situ, or how intervention content should be structured. This creates
a bottleneck that slows down exploratory studies and limits the ability to iterate
on intervention design.

Wizard-of-Oz (WoZ) methodologies offer a pragmatic alternative by decou-
pling intervention design from automation. In a WoZ setup, a human operator
simulates parts of the intelligent system, allowing researchers to study user in-
teraction and system behavior without requiring a fully implemented backend.
While WoZ approaches are well established in human-computer interaction [22],
their application to wearable JITAIs remains underexplored, and existing so-
lutions are often ad hoc, non-reproducible, or tightly coupled to specific study
designs.

In this work, we address this gap by introducing JITAI-Wizard, an open-
source framework for conducting Wizard-of-Oz studies of wearable JITAIs on
Android and WearOS. The system enables a remote operator to trigger pre-
defined interventions on a smartwatch in real time, simulating an intelligent
intervention pipeline. By abstracting away sensing and inference components,
JITAI-Wizard allows researchers to focus on intervention timing, content, and
user experience, while maintaining ecological validity in real-world settings. The
framework is designed to be modular, extensible, and easy to deploy. By allowing
researchers to define experiment structure flows and intervention specifications
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with an intuitive graphical smartphone user interface and a completely optional
multiplatform desktop application, we lower the barrier to entry for researchers
in both HAR and the digital health domain. We explicitly target researchers with
no background in programming or computer science, for whom the development
and evaluation of such JITAI experiments is made easy by JITAI-Wizard.

To demonstrate the feasibility and utility of our approach, we evaluate JITAI-
Wizard in an application scenario. We study intervention timing in a hand-
washing context, where participants receive prompts when washing their hands
for extended durations. The feasibility demonstration alsa o serves as real-world
validation test for the stability and usability of the developed system.

The contributions of this work can be summarized as follows:

1. Creation and making available of an open-source Android and WearOS app
framework for creating and delivering wearable just-in-time adaptive inter-
ventions

2. Design and implementation of various interventions, with and without at-
tached micro-actions and mini-games

3. Evaluation of the created toolkit and intervention in an exemplary user study
with regard to induced enacted compulsive hand-washing

2 Related Work

Our work builds upon foundational research in Just-in-Time Adaptive Interven-
tions (JITAIs), mobile and wearable sensing frameworks, and the application of
Wizard-of-Oz (WoZ) methodologies within ubiquitous computing.

2.1 Just-in-Time Adaptive Interventions (JITAIs)

Just-in-Time Adaptive Interventions (JITAIs) utilize continuous data streams to
deliver behavior change support at optimal moments of vulnerability or receptiv-
ity [18]. Prior work has demonstrated the efficacy of JITAIs across diverse clinical
and health contexts, including physical activity deployment [11], addiction recov-
ery management [7], and weight loss [19]. A work by Mishra et al. [16] showcases
machine-learning-based receptivity modeling for interventions. On wearable de-
vices, micro-interventions leverage low-friction modalities to minimize user bur-
den and cognitive interruption [8]. However, maximizing the efficacy of these
prompts requires precise configuration of interaction dynamics, contextual trig-
gers, and user receptivity models [21,12,16]. Because optimizing these discrete
variables using fully automated pipelines requires significant, early-stage engi-
neering, researchers face structural bottlenecks when iterating on initial design
choices or evaluating foundational user experience dynamics [10,13].

2.2 Mobile and Wearable Sensing Toolkits

To reduce the engineering overhead of building context-aware software, the ubiq-
uitous computing community has developed several extensible, open-source sens-
ing frameworks. Platforms such as AWARE [5], Sensus [28], and Ohmage [23]
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offer robust abstractions for background sensor data aggregation, storage, and
remote telemetry. While these frameworks often feature notification engines ca-
pable of triggering alerts based on raw sensor thresholds or scheduled rules, they
are fundamentally optimized for passive data harvesting rather than interactive,
human-in-the-loop intervention loops. Crucially, configuring these toolkits typ-
ically demands advanced software engineering or data pipeline proficiency, cre-
ating a technical barrier for non-technical domain experts, clinical researchers,
and behavioral scientists [15]. JITAI-Wizard addresses this capability gap by de-
coupling context logic from data collection, offering a codeless operational layer
specifically tailored for deploying interactive JITAI experiment scripts.

2.3 Wizard-of-Oz (WoZ) in Ubiquitous Computing

While the Wizard-of-Oz (WoZ) methodology is often used in robotics [20,6], it is
also a core human-computer interaction technique used to evaluate user experi-
ences with highly complex, simulated, or unbuilt intelligent systems [3,9]. Within
mobile and ubiquitous computing, WoZ infrastructure has been deployed to pro-
totype location-aware applications [4] and to the capturing of naturalistic mobile
notification receptivity data [2]. Despite these applications, historical WoZ de-
ployments in mobile environments are overwhelmingly characterized by ad-hoc,
proprietary architectures built for singular study designs [14]. These bespoke
solutions rarely support native and flexible integration with commercial smart-
watch ecosystems like Wear OS, limiting ecological validity during real-world,
in-the-wild evaluations. By providing a structured, open-source framework tar-
geting wearable configurations, JITAI-Wizard establishes a reproducible mecha-
nism for prototyping micro-interventions without manual backend development.

3 Methods

For this work, we develop Android and Wear OS applications, along with an op-
tional desktop application, for sending configurable, adaptive just-in-time inter-
ventions and evaluate them in a user study with 10 participants. In this section,
we first discuss the implementation details and design choices. Afterwards, we
describe the evaluation with the user study and the experiments we conducted.

3.1 Interventions

As discussed in Section 2, different intervention styles, means of intervention
delivery, and gaining the user’s attention exist.

We focus on two modalities for gaining the user’s attention: Vibration of
the smartwatch and an alert sound played on the smartwatch. These are simple
to deliver, as they can be triggered using built-in device functionalities and
hardware (speaker and linear vibration motor). Additionally, they are commonly
known as notification indicators to the user. In addition to either only playing
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Table 1: Intervention types and mini-games that are currently available for se-
lection. Interventions can be combined with an optional mini-game to keep the
user’s attention and distract them from their previous activity.
Intervention
/ Mini-game Type Description Parameters

Text Intervention A simple text is displayed
together with an “OK” button. Text to display

Timer Intervention
A text is displayed and a timer
counts downwards, with an
“OK” button.

Text to display,
duration

Yes / No
question Intervention A short text is displayed

together with Yes/No buttons. Question to display

Simon Says Mini-game
Four colored squares light up
one after the other and the
user repeats the sequence.

Maximum length of
sequence

Stand Still Mini-game
The smartwatch must not be
moved for x seconds (progress
is displayed).

Duration in s

Lock Picking Mini-game

Swiping in a circle, then
tapping a button while a
moving dot is in a highlighted
area.

–

Trivia
Question Mini-game A question game with up to

four answers.

Questions with 3
wrong and 1 correct
answers
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Fig. 1: Screenshots of the WearOS application. Left to right: Text intervention,
Timer intervention, Yes/No question intervention, mini-game instructions for
“Stand still”, and “Stand still” mini-game.

Fig. 2: Screenshots of the WearOS application. Left to right: Mini-game instruc-
tions for “Lock picking”, stages 1-3 of the “Lock picking” mini-game, main activity
screen of the WearOS application, featuring the digital assistant avatar “Odi”.

Fig. 3: Screenshots of the WearOS application. Left to right: Mini-game instruc-
tions for “Simon Says”, “Simon Says” mini-game, mini-game instructions for
“Trivia”, “Trivia” mini-game, success/celebration screen shown to the user af-
ter finishing a mini-game, featuring “Odi”.

a sound or only letting the smartwatch vibrate, we also test a combination of
vibration and alert sound.

We implement and offer different intervention types, as listed in Table 1.
The table shows all intervention types and mini-games that can currently be
selected. Example screenshots of these interventions and mini-games are shown
in Fig. 1, Fig. 2, and Fig. 3. Informational interventions can inform the user of
certain facts. E.g., the smartwatch displays a text like “you have been washing
long enough”. A simple text intervention could be used as well, e.g., “Stop” could
be displayed. Other options are timers (“when the timer ends, you should really
stop”), feedback (showing the current duration of an activity compared to a
desirable duration), or exercises (to divert the user to a different, non-harmful
activity). The exercises are mini-games, such as a “lock picking” task, “holding
still”, a “Simon says” game, and even fully customizable trivia questions.
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All the intervention types are available and can be freely combined or selected
in the experiment applications. Durations can be pre-selected or manually and
dynamically controlled via the smartwatch and desktop applications.

The application allows the user to create fully customizable experiment scripts,
which can be exported and imported to a simple JSON format if desired. The
experiment can then be run with full logging capabilities, so that each step in
the experiment can later be retraced from the logged information in the session
file.

This broad range of abilities ensures that the use cases of a potential fu-
ture JITAI study are covered by the available implementation. However, for our
validation study, we could not test all intervention types and combinations of pa-
rameters, as this would have required a larger number of participants. However,
we evaluated the most promising combinations in a user study, as explained in
Section 3.3.

3.2 Implementation and Information Flow

The underlying idea of our software framework is to split the software into a
smartwatch application that delivers interventions and a smartphone applica-
tion that controls and remotely triggers them. Optionally, the smartphone, and
through it, the smartwatch can be controlled wirelessly from a desktop applica-
tion, which comes with an intuitive graphical user interface. By controlling the
smartwatch from the phone, a human expert or experimenter can decide how
and when to deliver interventions. If needed, these interventions can be trig-
gered secretly, without letting the user know that the smartwatch is controlled
remotely, turning the experiment into a Wizard-of-Oz study.

Software Structure We split our software into three packages: jitaiconvention,
an Android package with all shared classes, jitaiphone, the Android phone app
for controlling the experiment and triggering interventions, and jitaiwear, the
WearOS application that we use to deliver the interventions. We wrote all An-
droid and WearOS code in Kotlin using Android Studio. For the UI, we employ
Jetpack Compose. The desktop application is written in C# using .NET and
Avalonia UI2, and supports Windows, macOS, and Linux.

System Overview In Fig. 4, we display the overview of our system. Note that
the Desktop application is entirely optional. While it is probably easier to edit,
save, and load the experiment scripts via the desktop application, the entire
framework can be used without a desktop pc, with only a smartphone and a
smartwatch.

Convention Library The convention package is used to store all shared infor-
mation between the two applications. Currently, this includes an “intervention”
class, which defines all properties of an intervention that should be triggered, as
2 https://avaloniaui.net

https://avaloniaui.net
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Wear OS application

Control, send 
Interventions

User response
logs

Smartphone application

Features

GUI-based study design

Control experiment

Store logs

Features

Display interventions

Optional distraction
tasks

Record user response

Optional: 
Desktop Application Wear Data

Layer API

WebSocket 

(same Network)

Fig. 4: Overview of devices, features, and information flow. The smartphone ap-
plication controls the experiments and can be used to pre-design study proce-
dures. While conducting an experiment, it additionally stores all feedback from
the smartwatch in an experiment log file. The desktop application can optionally
be used to remotely control the experiments. The WearOS application displays
the interventions and distraction tasks, and records the user’s responses and
timings.

well as a “protocol” class, which defines the communication interface and paths
to use between phone and smartwatch. For triggering the interventions and all
other inter-device communication, the Wear Data Layer API3 is used. Although
this API supports sending messages via servers owned by Google, this is deac-
tivated by default if no Google accounts are installed on the devices or if no
internet connection is made available. Instead, the communication is handled
locally, and the transmissions are sent and received via Bluetooth.

Android Phone App We built our phone app to support different use cases, from
a simple manual sending of interventions to complex experiment structures with
logging, timers, and full customization. Screenshots of the app are displayed in
Fig. 5.

To account for the simplest version of “just” delivering interventions, we cre-
ated a control panel view, which displays all necessary settings for the inter-
vention and has a button to trigger an intervention according to the current
settings. This view also contains a button to cancel any ongoing interventions.

Additionally, we added a complex experiment flow view to the phone applica-
tion, from which it is possible to set up, restructure, save, and load an arbitrary
experiment script. The experiment script always consists of a list of steps to be
undertaken. This list can easily be created or altered by any non-expert user via
the touchscreen of the phone. It is then possible to “start” an experiment script
on the screen. Once the experiment is started, the phone will show the steps
of the experiment and buttons for transitioning to the next step. Wherever the
script contains the sending of interventions, buttons are displayed to administer
these interventions.

The app also contains a general settings page that can be used to define
global settings, like keeping logs and naming patterns for log files.
3 https://developer.android.com/training/wearables/data/overview

https://developer.android.com/training/wearables/data/overview
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(a) Control panel view. (b) Complex experiment. (c) Edit mode.

Fig. 5: Screenshots from the accompanying Android phone application (in debug
mode): (a) Sending single interventions manually: Settings for a single interven-
tion can be changed, including the text to display, the type of intervention, the
attached mini-game, and the duration of the intervention. The intervention is
sent by pressing a button with the desired notification sound/vibration pattern.
(b) Complex experiment view: Via the buttons at the top, one can save, load,
start, or stop entire experiment structures. The list of steps is displayed below.
With a tap on the pencil button in the lower right corner, edit mode is activated.
(c) Edit mode, editing an event. The edit mode is active, and one can edit an
event with title, duration, and the optional intervention to be sent to the users.
Note that “phone task” refers to a BETA feature not yet available in the app.

WearOS app In contrast to the feature-heavy smartphone app, the WearOS app
for the smartwatch is lightweight and simple. Its main activity shows the user’s
current BPM, and our digital avatar, “Odi” (or “ODI”, cf. Fig. 2), but the inter-
ventions will only be displayed when triggered via the smartphone application.
Odi can also be used to deliver messages to the user, acting as an “AI” assistant.
Currently, it is of course controlled manually by the researcher. The WearOS
app itself registers a listener for the Wear Data Layer API, and can launch itself
from the background, without declaring or running a background or foreground
service, which minimizes its impact on the watch’s battery life.

Once an intervention is triggered from the smartphone, the watch’s screen will
turn on, it will vibrate and/or play a sound according to the specification, and
then it will show the selected intervention. Depending on the type of intervention,



10 Burchard et al.

a different intervention screen is displayed, either with a certain text or with a
timer or an exercise prompt to follow. If configured, the user is then tasked with
solving a mini-game distraction task. The user can also confirm the intervention
with a press of a button, or the experimenter can cancel the intervention using
the smartphone app. Additionally, a lifespan can be set for the intervention, after
which it auto-closes itself.

Desktop Application The desktop application is built in C# using .NET and
Avalonia UI. It is optional, but can be used to plan and edit an experiment script
as well as to run it. The experiment data is synced between the smartwatch and
the desktop application if they are connected. Additionally, the smartwatch can
be configured to continuously stream health and movement-related sensor data
to the desktop application via the smartphone. The desktop application offers
some additional features (live display of device rotation, recording of sensor
data), but the smartwatch application remains standalone, so that experiments
can be planned, conducted, and logged without the requirement of a connected
desktop device.

The availability of the Desktop application makes it even easier to pre-plan
experiment scripts and to export the recorded logs and feedback directly on a
Desktop device.

Open source policy and license The complete source code is free and openly
available under the MIT License at GitHub45, along with instructions on how to
build and install the applications. Overall, the application is designed to cover
as many experimental use-cases in the JITAI experiment domain as possible, as
well as to be easy to extend in code. See Section 5 for the complete Code and
Data availability statement.

3.3 Experiments

We conducted a user study with 10 participants to evaluate and verify the pro-
posed application design. As this was a preliminary validation study, participants
were recruited from the researchers’ environments. The participant sample cov-
ers a diverse group of six females and four males, aged between seven and 63
years. All participants (and their legal guardians if underage) consented to par-
ticipating in the validation experiment. Respectively, five out of 10 participants
answered the questions “Are you familiar with smartwatches” and “Have you
used assistant programs before (for example, for exercises)?” with “yes”.

As one of the examples in the literature that could potentially benefit from
JITAIs is compulsive hand-washing [24], we chose hand-washing interventions
as the evaluation experiment. We show the flow of a single repetition of our
experiment in Fig. 6. The study was designed so that participants were not
informed of the nature of the intervention or the aim of the investigation, as this
4 https://github.com/RBurchard/JITAI-WizardAndroid
5 https://github.com/RBurchard/JITAI-WizardControlStation

https://github.com/RBurchard/JITAI-WizardAndroid
https://github.com/RBurchard/JITAI-WizardControlStation
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might have biased their responses to the administered JITAIs. Thus, it is also a
WoZ study. Before running the intervention experiment, we used our smartwatch
application and the digital avatar “Odi” to administer instructions to the user,
familiarizing them with the feedback modality and the mini-games before the
actual experiment. Prior to administering the washing task, users were asked
to dirty their hands by touching a harmless but noticeable substance, either
moisturized coffee powder or blue finger paint. A previous study by Wahl et al
used a similar method to artificially induce the urge to wash one’s hands and to
combat “repetition fatigue” [25].

Dirty hands Wait 60s 
(to increase urge)

Wash hands

Intervention
after x

seconds
yesReaction

repeat up to 4 times per participant

Finish
washing

no

Duration of wash recorded

Start HW
timer

Stop HW
timer

Fig. 6: The flow of a single repetition of our user study experiments. Partici-
pants repeated the steps, with different interventions being administered. We
commence each repetition with a distraction task, for which the smartwatch dis-
plays some instructions. Participants then “dirty” their hands using either mois-
turized coffee powder or finger paint. They have to wait for 60 seconds to increase
the hand-washing urge and are then asked to wash their hands. While the par-
ticipant is washing their hands, an intervention is triggered by the experimenter,
and the participant’s reaction is recorded. After the run of the experiment, the
participant is asked to fill in the questionnaire about the experience with the
device.

After “dirtying” their hands, participants are asked to wait approximately 1
minute, thereby increasing their desire to wash their hands further. Then, they
are instructed to wash their hands, and a timer is started by the experiment soft-
ware to measure the hand-washing duration. During the hand-washing period,
we administer an intervention after around 15 seconds, which is long enough
for most participants to clean their hands reasonably well, but shorter than
most participants would wash naturally, after dirtying their hands and enduring
the waiting period. The intervention tries to stop the user from washing. We
tested different configurations of interventions and alert types. As alert types,
we employed vibration only, vibration with sound, and an escalating strategy:
short vibration, then a short vibration and sound, and, as the last stage, a per-
manent vibration pattern and sound alerting. As mini-game distraction tasks,
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we tested “Simon Says”, “Stand Still”, “Lock Picking”, and interventions with-
out mini-games. Although we could, e.g., relate the hand-washing durations and
user reactions to the intervention and alert styles, we, for now, limit ourselves
to gathering qualitative feedback, as the user study had a small sample size and
we merely wanted to demonstrate feasibility.

The participant’s reaction to the intervention can either be to follow the
instructions of the intervention or to ignore it and continue washing their hands.
The reaction to the intervention and the total duration of the hand wash are
logged in our application as the experiment progresses.

After the participant finishes washing their hands, they fill in the post-
experiment questionnaire. We evaluate how the experiment and the interventions
were perceived by the user, how helpful they found the smartwatch’s instructions,
and how intrusive or frustrating the interventions appeared to them.

4 Results

4.1 Watch and Phone Applications

The applications for the smartwatch and for the smartphone lend themselves
well to conducting experiments with JITAIs. As a side note, based on user feed-
back, we learned that they can also be used to provide general instructions to
users. During our experiments, the connection between the smartphone and the
smartwatch is stable, as we make use of the well-tested official Wear Data Layer
API. Launching the interventions on the smartwatch from the background is also
stable, and not a single intervention was dropped by the OS. While conducting
experiments with the 10 participants, no crashes occurred. Because the WearOS
application does not run in the background as a service, the battery life impact of
the application is also minimal, as it is only ever launched when an intervention
is sent through the Data Layer API. The watch can also collect physiological,
health, and motion sensor data. If this is enabled, it consumes more energy, as
all data is streamed to the smartphone and, optionally, to the desktop control
panel.

4.2 User Study

The user study was conducted on a small sample size with 10 participants (6
female, 4 male, mean age 33.7, median age 29, min. age 7, max. age 63) and 29
repetitions of the intervention experiment. Below, we explain our general results
with regard to the usability of our framework for delivering interventions. Fig. 7
shows questionnaire data collected from all participants. Responses indicated a
generally high self-reported importance of hand hygiene (M = 7.90, SD = 2.13,
median = 8.5, range = 5–10), measured on an 11-point scale from 0 ("not at
all") to 10 ("very seriously"). Fig. 8 shows that the participants wash their hands
for different durations, ranging from 10 s to 120 s. The effect of interventions on
hand-washing durations could be measured with our applications in a future
study.
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How seriously do you
take hand hygiene?

How aware was ODI? How frustrating/
annoying was ODI?

How Intrusive were
 the distractions?

How compelled were
you to finish washing,

despite the intervention?
Post experiment questionnaire question
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e

Fig. 7: Questionnaire questions answered by n=10 participants after conducting
the experiments. Users were asked to rate on a Likert scale from 0 to 10, with 0
referring to a strong “not at all” and 10 referring to a strong “very”.

0 20 40 60 80 100 120
Wash duration (s)

Fig. 8: Boxplot showing the distribution of wash durations among all repetitions.

Alert types We compare vibration to vibration with sound, and to the escalating
alert. Out of 29 total interventions sent to the users, five were not registered by
the user, all of them of the type vibration only. During the hand-washing activity,
the watch’s vibration was apparently not always noticed, as the user was moving
and focused on washing hands. Adding the sound modality seems to help, as all
other interventions were registered. Fig.9 shows how the users responded to each
alert type.

Mini-games We evaluated three mini-games, which were generally understood
and performed well by the participants. One issue appeared when a user had wet
hands (from hand-washing), so that their inputs to the capacitive touch screen
of the watch were misinterpreted.

In Fig. 10, we display the user’s responses to interventions with and without
attached mini-games. We only list interventions that were noticed by the user.
Overall, the mini-games were enjoyed and completed often by the users, but
none of them was effective in completely stopping the user from hand-washing.

User feedback As shown in Fig. 7, users generally responded positively to the
idea of a digital assistant for adaptive interventions. As we did not reveal to
them that “Odi” is manually controlled, many of them gave “Odi” high aware-
ness ratings ( median=7.5/10). Most users were not overly frustrated by “Odi” ’s
frequent interference. Users perceived the system as moderately distracting (me-
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Yes, but restarted

Fig. 9: Response to intervention during handwashing, by alert type. All alerts
were noticed, unless otherwise indicated. The colors refer to the different sub-
reactions: Some users ignored the notification, some continued washing after
dealing with the notification and playing the mini-game, while others immedi-
ately stopped washing for good.

dian=5). Despite the interventions, almost all users felt compelled to finish wash-
ing, showing that the “dirtying” of their hands had the desired effect, and that
interventions/distractions do usually not erase the desire to finish washing.

When asked whether “they could see themselves wearing a watch like this
on a daily basis?”, seven participants responded with “yes”, three said “no”. One
of them said that they generally dislike wearing wristwatches, and another said
they didn’t feel any need for such an assistant, as they were not affected by OCD
or negative habits. Other participants commented on liking the mini-games and
the general idea of JITAIs, as the concept had been unknown to them.
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intervention + mini-game?
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Fig. 10: Response to interventions with specific mini-games during handwashing,
by type of mini-game. The plot shows only noticed interventions with/without
prompts to play a mini-game. The colors refer to the different sub-reactions:
Some users ignored the notification/mini-game, some continued washing after
dealing with the notification and playing the mini-game, while others completed
the mini-game and stopped washing, without recommencing to wash.

5 Code and Data Availability and Usage Notes

The complete source code of the Android and WearOS applications is free and
openly available under the MIT License at GitHub6. To run an experiment using
our toolkit, on the hardware side, an Android-based smartphone and a WearOS
smartwatch are required.

The repository itself contains an extensive ReadMe.md file in which we ex-
plain all necessary steps to download, compile, and install the application(s) on
the devices. Additionally, we include instructions for configuring and creating,
saving, and loading experiment scripts directly on the smartphone via the app’s
GUI.

A secondary repository7 contains the source code for the cross-platform desk-
top application. Its ReadMe.md file explains how to run the desktop control
station.

Overall, by making available anonymized study data, experiment configura-
tions, code, and instructions, we ensure a high level of reproducibility and a low
entrance hurdle for reuse of our toolkit by other researchers.

6 Discussion

The qualitative results from our user study show that the applications are stable
and adequate for conducting experiments similar to the one we described. More
importantly, the validation demonstrates the feasibility of using JITAI-Wizard
6 https://github.com/RBurchard/JITAI-WizardAndroid
7 https://github.com/RBurchard/JITAI-WizardControlStation

https://github.com/RBurchard/JITAI-WizardAndroid
https://github.com/RBurchard/JITAI-WizardControlStation


16 Burchard et al.

as a rapid prototyping platform for wearable Just-in-Time Adaptive Interven-
tions (JITAIs). Rather than evaluating a fully automated intervention system,
our goal was to show that researchers can investigate intervention design ques-
tions before implementing complex sensing, activity recognition, and decision-
making pipelines. As a contribution of this work, we make the applications freely
available. By design, the smartphone app and the desktop application can load,
modify, and save custom experiment scripts. Researchers from any domain can
select from a multitude of intervention, message, or prompt parameters and use
the smartwatch application to directly conduct their experiments, without any
requirements for programming skills.

With our user study, we show that participants react well to the messages
and instructions administered via the smartwatch, especially to sound-related
notifications. The observation that vibration-only notifications were occasion-
ally missed during hand-washing suggests that multi-modal notification strate-
gies may be more suitable for activities involving continuous movement or re-
duced tactile perception. Overall, participants enjoyed the mini-games, and most
could imagine using a system like ours in the future. While interventions were
sometimes ignored, users in our example sometimes even continued to wash
their hands after receiving the intervention and even after completing a mini-
game. This indicates that engaging interaction alone is not necessarily sufficient
to change ongoing behavior, particularly when users are strongly motivated to
complete a task. At the same time, these findings further motivate the need
for custom JITAI development by domain experts, who can use our system to
develop and evaluate more effective alert patterns, intervention strategies, and
prompt/distraction task combinations.

The users also gave high ratings for the clarity and perceived helpfulness
of the interventions. The positive reactions suggest that users are generally re-
ceptive to receiving coaching and adaptive interventions through smartwatches.
Although our evaluation focused on a hand-washing scenario, the same interac-
tion principles could likely be transferred to other application domains beyond
just-in-time adaptive interventions, such as assistance with manufacturing pro-
cedures, cooking recipes, rehabilitation exercises, or any other scenario where
the user may benefit from instantaneous and context-aware feedback.

JITAI-Wizard enables researchers to investigate questions such as optimal in-
tervention timing, notification modality, interruption tolerance, user receptivity,
and intervention content before investing in automated sensing and decision-
making pipelines. By allowing these design variables to be explored indepen-
dently of recognition accuracy or previous dataset availability, the framework
supports faster iteration and more informed development of fully automated
JITAI systems. In this way, the Wizard-of-Oz methodology separates the evalu-
ation of intervention design from the performance of automated context recog-
nition, allowing each aspect to be studied independently and reducing the engi-
neering effort required during early-stage research.

As explained in Section 5, we place particular emphasis on making available
not only the source code, but also the documentation and setup instructions.
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This allows other researchers to reproduce our experiments, adapt existing in-
tervention protocols to their own studies, and extend the framework with addi-
tional functionality, ultimately lowering the barrier to reproducible research on
wearable JITAIs.

Limitations While our application is built with customizability and extendabil-
ity in mind, through our experiments, we were only able to verify its usefulness
in our own and similar experiments. Other researchers might have other needs,
and we did not run an analysis of possible needs or desired features for other
researchers’ projects. However, as the applications come with completely open
source code and an open license, they can be extended to include additional fea-
tures. Furthermore, although the framework supports a wide range of interven-
tion types, notification modalities, mini-games, and parameter combinations, our
validation study evaluated only a subset of these configurations. Consequently,
the effectiveness and usability of many possible intervention designs remain to
be investigated in future work.

Our application is a toolkit for other researchers to use, but its validation
is also limited by the fact that we did not evaluate it with a third party, e.g.,
a team of psychologists. While we designed the applications to be user-friendly
and easy to use, we cannot quantify the user experience other researchers might
have.

Another limitation is the size of our user study, which we only scaled suffi-
ciently large to obtain some preliminary findings on JITAI efficacy and to evalu-
ate the stability of our applications. While the results hint at the users reacting
to the administered JITAIs, a larger sample size would be needed to reliably
measure or show a significant effect.

7 Conclusion

We present JITAI-Wizard, a free and open-source framework for designing and
delivering wearable just-in-time adaptive interventions in Wizard-of-Oz studies.
We describe the system architecture, information flow, intervention capabilities,
and the design choices that enable researchers to rapidly prototype and evalu-
ate wearable intervention concepts without requiring a fully automated sensing
and decision-making pipeline. A key contribution of this work is the explicit
decoupling of intervention design from automated sensing and recognition, en-
abling early-stage JITAI research without requiring full context-awareness sys-
tems. JITAI-Wizard is designed to be used without programming expertise, al-
lowing experiment scripts to be created, modified, shared, and executed directly
through graphical smartphone and desktop interfaces.

The framework supports a wide range of intervention modalities, including
informational prompts, feedback messages, timers, and interactive mini-games,
making it suitable for diverse research scenarios. Through a validation study
involving induced hand-washing behavior, we demonstrate that the platform
can reliably deliver interventions in real time and collect detailed response data.
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Participants generally perceived the smartwatch-delivered interventions as clear,
noticeable, and helpful, although results remain preliminary and should be in-
terpreted in light of the limited sample size and evaluated intervention configu-
rations.

By releasing the complete source code, documentation, and experimental ar-
tifacts under an open-source license, we aim to lower the barrier to entry for
researchers interested in JITAIs, digital health interventions, and wearable user
studies. Future work includes larger-scale evaluations, integration with auto-
mated activity recognition and context-detection pipelines, and exploration of
additional application domains beyond health behavior change. The study also
highlights that the notification alert modality can substantially affect user per-
ception and responsiveness, indicating that multi-modal and context-sensitive
intervention strategies remain an important direction for future research. We
hope that JITAI-Wizard will facilitate faster iteration, improved reproducibil-
ity, and broader adoption of wearable intervention research.
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