
Degree Project in Medical Engineering

Second cycle, 30 credits

Tap to Track: A One-Button System for

easy to use Emotional Logging

Development and Feasibility Evaluation of a Prototype for

Everyday Real-Time Health Data Capture

TOR MODIN



This page intentionally left blank.



yÀď ĝą yĒÀÍ÷Ɨ aÿ×Ʀ*Ġĝĝąÿ rıĖĝ×þ

àąĒ ×ÀĖı ĝą ĠĖ× 5þąĝéąÿÀù Uąááéÿá

1×Ī×ùąďþ×ÿĝ ÀÿÓ >×ÀĖéÌéùéĝı 5ĪÀùĠÀĝéąÿ ąà À kĒąĝąĝıď× àąĒ

5Ī×ĒıÓÀı n×ÀùƦyéþ× D×Àùĝæ 1ÀĝÀ +ÀďĝĠĒ×

yąĒ ZąÓéÿ

Masterôs Programme, Medical Engineer
Supervisor: Jonas Will®n
Supervisor: Svetlana Yarosh
Examiner: Sebastiaan Meijer
School of Engineering Sciences in Chemistry, Biotechnology and Health
Host university: University of Minnesota
Swedish title: Tap to Track: Ett knappbaserat system fºr lªttanvªnd
emotionell sjªlvrapportering
Swedish subtitle: Utveckling och utvªrdering av en prototyp fºr insamling av
hªlsoinformation i realtid
TRITA-CBH-GRU-ʱʯʱʴ:ʯʲʷ



This page intentionally left blank.



ÌĖĝĒÀÍĝ

This thesis explores the development and evaluation of a mobile-based
prototype for real-time health self-monitoring using wearable and Bluetooth
enabled sensors. This work was motivated by the need for low-friction,
real-time tools to support self-monitoring in contexts such as stress, chronic
pain, and emotional regulationðareas where traditional wearables often fall
short due to limited interpretability or delayed feedback. The goal is to improve
the robustness, usability, and user engagement of digital self-reporting systems
for individuals managing chronic conditions as well as those experiencing
stress. Through a review of existing literature, a functional prototype was
designed with a focus on user-centered design, low interaction burden, and
reliable data capture. The system supports momentary self-assessments and
integrates data from Bluetooth devices, such as Flic buttons. Interviews and
previous case studies informed the design requirements, while usability and
technical performance were evaluated through scenario-based testing. Results
indicate that simple, þexible interfaces and low-friction input methods are key
factors for sustained use. The study contributes insights for future mobile
health applications that aim to support personalized, continuous monitoring
in everyday life.
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rÀþþÀÿàÀĝĝÿéÿá

Detta examensarbete undersºker utveckling och utvªrdering av en mobil-
baserad prototyp fºr sjªlvmonitorering av hªlsa i realtid med hjªlp av
bªrbara sensorer och Bluetooth-teknik. Arbetet motiverades av behovet
av l¬gtrºskelverktyg fºr sjªlvmonitorering i realtid, sªrskilt i samband med
stress, kronisk smªrta och emotionell regleringðomr¬den dªr traditionella
wearables ofta brister p¬ grund av begrªnsad tolkning eller fºrdrºjd ¬terkop-
pling. M¬let ªr att fºrbªttra robusthet, anvªndarvªnlighet och engagemang i
digitala sjªlvrapporteringssystem fºr personer med kroniska tillst¬nd samt fºr
personer som upplever stress. Genom litteraturstudier och intervjuer togs en
prototyp fram med fokus p¬ anvªndarcentrerad design, l¬g interaktionsbºrda
och tillfºrlitlig datainsamling. Systemet stºdjer momentana sjªlvskattningar
och integrerar data fr¬n Bluetooth-enheter, s¬somFlic-knappar. Designkraven
baserades p¬ tidigare fallstudier och intervjuer, och systemet utvªrderades
tekniskt samt genom scenariobaserad testning. Resultaten visar att enkla och
þexibla grªnssnitt samt l¬g trºskel fºr inmatning ªr avgºrande fºr l¬ngsiktig
anvªndning. Studien bidrar med insikter fºr framtida mobila hªlsosystem
som syftar till att mºjliggºra individanpassad och kontinuerlig ºvervakning i
vardagen.

Keywords

sjªlvrapportering, beteendehªlsa, phidget, bluetooth, interaktion med l¬g
anstrªngning
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ō GÿĝĒąÓĠÍĝéąÿ

In behavioral health contexts, tracking and managing subjective experiences
such as stress, anxiety, and emotional development is critical for both
therapeutic interventions and personal well-being. Traditional retrospective
assessmentsðlike paper-based surveys or verbal check-ins during clinical
visitsðoften suʡer from recall bias and limited ecological validity, making it dif-
ýcult to capture the subtle, moment-to-moment þuctuations that characterize
many behavioral health conditions. To address these limitations, the ýeld has
increasingly turned to real-time self-reporting systems grounded in Ecological
Momentary Assessment (EMA), which allow users to log internal states as they
occur. This approach improves both the resolution of collected data and usersô
own emotional awareness [ʰ].

One particularly promising approach involves the use of phidgetsðtangible
physical objects, such as wearable buttons or squeezable devices, that allow
for quick, intuitive logging of mental states without relying on screens or
complex interfaces. These tools are especially suitable for contexts where
speed, discretion, and minimal cognitive load are essential. For example, the
Keppi device enables pain intensity reporting through pressure-sensitive input
[ʱ], while the One Button Tracker (OBT) has been successfully used in PTSD
research to diʡerentiate between rumination and intrusive memories through
short versus long presses [ʲ].

The acceptability and usability of these devices are central to their success.
Tools that seamlessly integrate into a userôs daily life are more likely to support
long-term adherence. As shown in both chronic pain and PTSD contexts,
wearables designed with simplicity and discretion inmindðsuch as those worn
on the wrist, neck, or keychain, are more likely to be consistently used [ʱ], [ʲ].

From a systems design perspective, self-reporting devices must also be
robust: they must function reliably in diverse real-world conditions, avoid
accidental activations, and be easy to maintain [ʳ]. Additionally, these devices
can serve as valuable sources of labeled behavioral data for researchers,
enabling the development of predictive models and AI-driven interventions.

In sum, tangible self-report tools like phidgets represent a compelling
evolution in behavioral health monitoringðoʡering not only more accurate
data, but also empowering individuals to take a more active role in their own
emotional regulation and therapy.

n×Ė×ÀĒÍæ éþ

The aim of this thesis is to design, implement, and evaluate a Bluetooth-
enabled, button-based wearable system for real-time emotional self-reporting
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in everyday life. This goal is pursued by addressing four interrelated challenges:
developing an intuitive, low-eʡort interaction model through tangible input;
ensuring system robustness and real-time feedback during everyday use;
integrating the system into behavioral health routines via thoughtful technical
and experiential design trade-oʡs; and enabling expressive, personalized
logging through varied input types. Together, these eʡorts contribute
to a system that supports emotionally meaningful and technically robust
self-tracking in behavioral health contexts.

ōƕō n×ďąĒĝ rĝĒĠÍĝĠĒ× ÀÿÓ Z×ĝæąÓąùąáéÍÀù aĪ×ĒĪé×ī

To address this research aim, this thesis combines four interlinked methods: a
literature review, expert interviews, prototyping, and iterative user trials. These
methods were chosen to complement one anotherðliterature and interviews
provided conceptual grounding and practical guidance, while prototyping and
real-world testing enabled continuous reýnement based on user feedback.

Rather than separating theory from implementation, the thesis follows
a cumulative structure where each chapter contributes to a progressively
deeper understanding of how button-based tools can support emotional
self-reporting in everyday contexts. Chapters ʱ and ʲ provide a conceptual and
thematic foundation, drawing on prior literature and expert insights related
to self-tracking scenarios, technical limitations, and user experience. Chapter
ʳ explores early system prototyping and technical feasibility, while Chapter ʴ
evaluates real-world use through three iterative trials. To provide structure and
clarity, the research aim has been operationalized into four research questions,
grouped into two thematic categories as outlined below.

n×Ė×ÀĒÍæ mĠ×ĖĝéąÿĖ

ʰ. How can a Bluetooth-enabled wearable system be designed and imple-
mented to support low-eʡort, real-time emotional self-reporting through
tangible interaction?

ʱ. How can system robustness and real-time feedback mechanisms be
implemented and evaluated to ensure long-term reliability and user
engagement in everyday use?

ʲ. What technical and experiential design trade-oʡs are required to integrate
button-based self-reporting tools into behavioral health workþows and
daily routines?

ʳ. How can diʡerent input types be mapped and interpreted to support
expressive, personalized emotional self-reporting?

The ýrst two questions comprise Theme ʰ: Designing and Implementing a
Robust, Expressive System. These questions are grounded in the literature and
expert insights presented in Chapters ʱ and ʲ, and subsequently tested through

Ŏ



practical implementation and evaluation in Sections ʴ.ʰ and ʴ.ʱ. In addition,
RQʱ is further explored in Sections ʳ.ʰ and ʳ.ʱ, which investigate technical
feasibility and system-level design considerations.

The ýnal two questions constitute Theme ʱ: Experiential Use and
Integration into Everyday Contexts. Their conceptual foundation is laid in
Chapters ʱ and ʲ and further examined in depth through the extended user
evaluation (Section ʴ.ʲ). Additionally, Section ʳ.ʲ deepens the exploration of
privacy and safety considerations relevant to RQʲ, particularly in the context
of back-end architecture and data sovereignty.

Together, these two themes structure the inquiry into both the technical
feasibility and the experiential integration of the TapToTrack system, guiding
the reportôs design, evaluation, and synthesis.

Finally, Chapter ʵ synthesizes these ýndings, with each subsection (ʵ.ʰïʵ.ʳ)
directly addressing one of the research questions and drawing cross-cutting
conclusions.
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Ŏ Uéĝ×ĒÀĝĠĒ× n×Īé×ī

The literature review was conducted to map existing research and technologies
related to self-reporting of emotional states using wearable sensors and
button-based interfaces. The aim was to establish a theoretical foundation
for the technical and user-centered decisions made throughout the project, as
well as to identify knowledge gaps and relevant design principles. Particular
emphasis was placed on solutions that are robust, user-friendly, and feasible to
integrate into everyday contexts without imposing a burden on the user.

The literature review was conducted using a combination of structured
database searches and expert-recommended sources. The goal was not to
exhaustively map the entire research ýeld, but to gather relevant insights
related to self-tracking technologies and user interaction design.

Ŏƕō r×ÀĒÍæ rĝĒÀĝ×áı

To understand existing research on self-reporting with minimal interfaces, a
structured literature search was conducted using the Web of Science database.
The search focused on topics related to button-based input, Bluetooth
communication, wearable self-tracking, and ecological momentary assessment
(EMA).

Å Two main search queries were used:

ï Query ʰ: "self-reporting" AND "Bluetooth"

ï Query ʱ: ("self-report*" OR "self-tracking" OR "ecological
momentary assessment") AND ("Bluetooth" OR "BLE" OR
"wireless") AND ("button-based input" OR "wearable sensor"
OR "one-button device" OR "assistive technology")

Additional references were identiýed through citation chaining and recommen-
dations from supervisors. Selected literature informed both design decisions
and the development of the interview guide.

ŎƕŎ n×ĖĠùĝĖ

The methodology described resulted in ʱʶ papers, shown in a full table in
Appendix A, below is an example of one of the articles.
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Study focus and context Target group

Uses wearable sensors to detect and diʡer-
entiate cognitive patterns in PTSD, distin-
guishing rumination from intrusions.

Individuals with PTSD, particularly
those in psychotherapy for trauma-
related symptoms[ʲ]

This article exempliýes the use of simple, tangible self-tracking toolsðspecif-
ically a wearable button deviceðto diʡerentiate between psychological phe-
nomena in real-world contexts. The study highlights how minimal input
mechanisms can yield rich emotional data when designed appropriately for
clinical or therapeutic use. Its relevance to the current project lies in
its methodological similarity and its demonstration of how button-based
interaction can support both ecological validity and emotional awareness. This
article is further discussed below in the ýrst subsection of ʱ.ʱ.ʰ.

The ýndings from the literature review covered the following areas:

Å Diʡerent Scenarios for Self-Tracking

Å Technical Limitations and Robustness

Å Usability and User Commitment

These topics are discussed under their own headings below.

ŎƕŎƕō 1éàà×Ē×ÿĝ rÍ×ÿÀĒéąĖ àąĒ r×ùàƦyĒÀÍ÷éÿá

Self-tracking technologies have found application across a wide range of health
and behavioral domains. From managing psychological conditions like PTSD
tomonitoring chronic pain, Parkinsonôs symptoms, or lifestyle behaviors, these
systems vary in form and complexityðbut share a common goal of enabling
ecologically valid, real-time self-awareness. This section outlines key scenarios
where button-based or low-friction tracking has been employed and how its
design was adapted to each context.

kąĖĝƦyĒÀĠþÀĝéÍ rĝĒ×ĖĖ 1éĖąĒÓ×Ē ƪkyr1ƫ

Several studies have used self-tracking to support individuals with PTSD by
identifying symptom þuctuations and contextual triggers. Larsen et al. [ʴ] and
Arendt et al. [ʲ] highlight howmobile self-reporting helps capture moments of
hyperarousal or intrusive thoughts in real-world settings. However, frequent
reþection on traumatic experiences may reduce adherence, especially when
systems lack emotional sensitivity or privacy-preserving mechanisms.

Traditional self-report methods such as the NASA-TLX (Task Load Index)
have long served as a gold standard for capturing subjective cognitive load
across multiple dimensions such as mental demand, eʡort, and frustration.
However, the scaleôs reliance on abstract numerical input and post-task
reþection limits its ecological validity in everyday contexts. In the context of
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emotion tracking, these abstraction requirements may distort or oversimplify
moment-to-moment experiences. This has motivated researchers to explore
more embodied alternatives such as force-feedback devices or tangible input
tools that can better capture nuanced internal states without requiring
cognitive translation [ʵ]

Rodr²guez et al. [ʶ] and Williams et al. [ʷ] explore the role of embodied,
tangible input in making emotional self-report more approachable. Wearable
systems such as the one described by Arendt et al. have been used
to distinguish between rumination and intrusive thoughts during therapy.
Similarly, ñSnapping Out of Itò [ʸ] documents the lived experience of a refugee
with Complex PTSD who used a wearable button to regain control over their
responses to emotional overload.

+æĒąÿéÍ kÀéÿ

Chronic pain management beneýts from tools that allow quick, low-burden
symptom reporting. Keppi [ʱ] and the Painometer app [ʰʯ] represent two
ends of the design spectrumðone emphasizing physical, screenless interaction;
the other relying on visual analog scales. While both approaches are eʡective,
Keppiôs discreetness and simplicity make it more suitable for real-world use,
especially when pain strikes suddenly or in public.

Oʡodile et al. [ʰʰ] support a hybridmodel combining wearable tracking and
user reports, enabling more accurate and continuous pain monitoring. These
systems allow users to record both intensity and location of pain, aiding clinical
interpretation.

Osteoarthritis patients often rely on physical interventions such as rocker-
sole footwear or prefabricated orthoses to reduce joint pain during daily
movement. Menz et al. evaluated these interventions in terms of symptom
relief and user adherence. While not a digital self-tracking study per se, this
work underscores the importance of low-eʡort, passive interventions in chronic
pain managementðparalleling design goals for button-based tracking, where
minimal input should yield clinically meaningful feedback [ʰʱ].

kÀĒ÷éÿĖąÿƵĖ 1éĖ×ÀĖ×

Symptom tracking in Parkinsonôs Disease (PD) often focuses on managing
þuctuations in motor control and cognitive load. Vega et al. [ʳ] employed the
Flic button for real-time symptom reporting, ýnding that patients valued the
buttonôs simplicity but sometimes experienced accidental presses or placement
diʢculties. Chomiak et al. [ʰʲ] used wearable-supported gait training to
improve movement and reduce fall risk. These examples highlight the beneýt
of real-time, body-integrated tools in supporting dynamic conditions like PD.
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D×Àùĝæ *×æÀĪéąĒ ÀÿÓ Uéà×Ėĝıù× ZąÿéĝąĒéÿá

Self-tracking has also been employed in broader lifestyle domains, including
alcohol consumption, weight loss, physical activity, and sleep. Griʢn et
al. [ʰʳ] and Goldstein et al. [ʰ] show how adaptive systems and wearable
integration can support real-time behavioral feedback. Alcohol-use detection
via Bluetooth-based apps [ʰʴ] demonstrates feasibility in social contexts,
especially among young adults.

Just-in-time adaptive interventions (JITAI) are particularly eʡective when
paired with low-friction input, as seen in studies on obesity and emotional
lapses. Capdevila et al. [ʰʵ] also reveal how mobile health platforms can track
heart rate variability diʡerences across genders, aiding in personalization.

+ÀÿÍ×Ē ÀÿÓ UąÿáƦy×Ēþ Gùùÿ×ĖĖ

Oʡodile et al. [ʰʰ] introduced a wearable system for chemotherapy patients to
track gastrointestinal side eʡects with minimal eʡort. Similarly, Barnett et al.
[ʰʴ] used Bluetooth proximity sensors to passively assess contextual changes in
cancer survivorsô environments. These methods reduce the burden of frequent
self-reporting during periods of fatigue or cognitive overload.

+æéùÓĒ×ÿ ÀÿÓ +ąáÿéĝéĪ× ÍÍ×ĖĖéÌéùéĝı

Children and older adults beneýt from interaction designs tailored to reduced
motor or cognitive capacities. SmallTalk [ʰʶ] uses tangible feedback toys to
collect input from children in a playful, non-verbal way. Aestimo [ʰʷ] oʡers
a toolkit for older adults to report on user experience, supporting inclusion in
usability testing through physical input instead of screens.

¨ąĒ÷ďùÀÍ× ÀÿÓ 5ĒáąÿąþéÍĖ

Hybrid systems combining digital and physical tracking are useful in oc-
cupational health. The Hybrid Risk Assessment Kit [ʰʸ] merges wearable
sensors with user feedback to improve ergonomic safety in industrial settings.
Kallio et al. [ʱʯ] reinforce the need for robust, long-term systems that can
be used unobtrusively in professional environments like teaching and oʢce
work. These settings require discreet and durable devices that function reliably
despite contextual variability.

ŎƕŎƕŎ y×ÍæÿéÍÀù UéþéĝÀĝéąÿĖ ÀÿÓ nąÌĠĖĝÿ×ĖĖ

While minimalistic, button-based self-tracking tools oʡer simplicity and low
eʡort, their success in real-world applications depends heavily on technical
reliability. This section reviews key system-level limitations found in the
literature, including Bluetooth instability, battery constraints, and risks of
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data loss. These limitations directly inþuence long-term usability, especially
in health-related contexts where missing data can reduce clinical or personal
value.

Matusik et al. explored the use of Bluetooth-enabled wearables to capture
social proximity and relational dynamics in workplace environments. These
sensors enabled unobtrusive collection of data on interpersonal interactions,
providing insights into team cohesion and communication patterns. Their
ýndings suggest that wearable Bluetooth tools can be instrumental in
organizational research, especiallywhen integratedwith occasional self-reports
to contextualize the sensed data [ʱʰ].

*ùĠ×ĝąąĝæ Uąī 5ÿ×Ēáı ƪ*U5ƫ +ÀďÀÌéùéĝé×Ė ÀÿÓ +ąÿÿ×ÍĝéĪéĝı

Most modern self-tracking toolsðincluding Flic, Keppi, and custom-built
systemsðrely on Bluetooth Low Energy (BLE) for smartphone communication.
BLE supports low-power connections suitable for wearable contexts, but
also introduces serious limitations. These include intermittent signal loss,
background execution issues on smartphones, and diʢcultymaintaining stable
pairings over time [ʳ].

Qian et al. [ʱʱ] compared Bluetooth and GPS for contact tracing and
proximity detection. They found that BLE suʡers from reduced reliability in
environments with dense signals, physical barriers, or when devices switch
between active and background states. These challenges are especially
critical for passive or event-triggered logging systems that rely on seamless
connectivity to capture inputs as they happen.

kąī×Ē ÀÿÓ *Àĝĝ×Ēı GĖĖĠ×Ė

Device longevity is crucial for user adherence and data completeness. The Flic ʱ
button (visible in Figure ʰ), for instance, is designed to last up to ʱʳ months on
a coin-cell battery (CRʱʯʲʱ) which makes it attractive for longitudinal studies
without the need for user maintenance [ʱʲ]. In contrast, systems based on
Arduino or other academic prototypes often require external power or daily
charging, drastically reducing their real-world feasibility.

Figure ʰ: The Flic ʱ BLE button used in Chapter ʴ.
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Exler et al. [ʱʳ] developed a mood-tracking wearable with ECG sensors
and a smartphone app, but noted battery limitations as a primary obstacle to
long-term deployment. Keppi, while oʡering more expressive input, consumes
more power due to its analog pressure sensors and haptic feedbackðrequiring
thoughtful trade-oʡs in deployment scenarios.

Uąááéÿá >ÀéùĠĒ×Ė ÀÿÓ 1ÀĝÀ UąĖĖ kĒ×Ī×ÿĝéąÿ

Event-based systems must guarantee input integrity, even under poor connec-
tivity or system interruptions. Several studies reported logging failures due to
app backgrounding, BLE disconnections, or user uncertainty about whether
their input was registered[ʰʳ]. These issues are especially damaging when
users are reporting emotional or physical states in the momentðany failure
discourages future use.

Solutions proposed include persistent local queuing, delayed sync strategies,
and redundant data storage. Smartwatch annotation tools [ʱʳ] and the One
Button Tracker implement local buʡering to ensure input is saved even if
immediate transfer fails [ʲ]. Painometer [ʰʯ], while more screen-intensive,
also supports oʣine entry until syncing is available.

Smartwatches have been explored as tools for assisting users in real-time
annotation of daily activities. Akbari et al. proposed a context-aware change
detection algorithm that uses motion sensors and BLE signals to identify
activity transitions and prompt timely annotations. This hybrid detection
mechanism reduces the burden on users to remember and manually log
activities, thereby lowering cognitive load and enhancing data reliability. Their
ýndings highlight how system-driven prompting can increase compliance and
reduce annotation errors in long-term monitoring[ʱʴ].

GÓ×ÿĝéàé×Ó UéþéĝÀĝéąÿĖ éÿ +ĠĒĒ×ÿĝ rıĖĝ×þĖ

Many reviewed systems shared recurring weaknesses: limited BLE recon-
nection logic, lack of user feedback (e.g., no haptic conýrmation), and poor
conýgurability. These shortcomings reduce trust in the system and often lead
to abandonment, particularly in emotionally demanding contexts.

Kallio et al. [ʱʯ] emphasize the fragility of sensor-based ýeld deployments
in real-world environments. Device loss, inconsistent charging, and software
crashes are common, especially when users are not technically inclined.
Addressing these issues requires user-centered system design and robust
fallback mechanisms that ensure the system worksðeven when conditions are
not ideal.

ŎƕŎƕŏ |ĖÀÌéùéĝı ÀÿÓ |Ė×Ē +ąþþéĝþ×ÿĝ

Usability and long-term user commitment are essential in the success of self-
tracking systems, especially those targeting health, emotion, or pain-related
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experiences. This section covers key themes from the literature, including the
balance between simplicity and expressiveness, non-screen-based input design,
emotional impact of overtracking, and the role of feedback and autonomy in
promoting sustained engagement.

5İďĒ×ĖĖéĪ×ÿ×ĖĖ ĪĖƕ ZéÿéþÀùéĖþ

Many systems reviewed face the trade-oʡ betweenminimal input and rich data.
Simple press-only buttons (e.g., Flic, One Button Tracker) may fail to capture
the complexity of emotional states. Conversely, systems like Keppi [ʱ], which
oʡer analog pressure input, increase expressiveness at the cost of higher power
use and complexity.

Painometer [ʰʯ] provides sliders for rating pain intensity, which improves
data granularity but limits real-time use in busy or public settings. Eʡective
designs must balance simplicity with emotional nuance, oʡering low-eʡort
input while still conveying meaningful distinctions.

[ąÿƦrÍĒ××ÿƦ*ÀĖ×Ó GÿďĠĝ yąąùĖ

Non-screen-based tools such as Keppi [ʱ], the One Button Tracker [ʲ], and
EmoBall [ʶ] have shown promising results in promoting discreet and intuitive
interactions. These tools bypass the friction of opening an app or navigating
menus, instead enabling users to quickly report internal states using physical
gestures like pressing, squeezing, or rotating.

This modality allows for greater integration into daily lifeðusers can log
without interrupting their current activity or drawing attention in public, which
is particularly valuable in emotionally sensitive contexts.

>××ÓÌÀÍ÷ ZąÓÀùéĝé×Ė ƪDÀďĝéÍĖƖ §éĖĠÀùƖ ĠÓéĝąĒıƫ

Providing immediate feedback to conýrm a logged event is critical to user
trust. Without it, users may double-press or assume the system failed. Haptic
feedback, such as vibrations in the Keppi device or visual LED conýrmation in
EmoBall, reassures users that their input was received [ʰʳ].

Williams et al. [ʷ] demonstrated how sensor-driven auditory feedback
(e.g., biosynchronous music) can not only conýrm input but also reinforce
motivation and perceived eʡort in physical activity tracking.

+ąáÿéĝéĪ× UąÀÓ ÀÿÓ réþďùéÍéĝı éÿ Gÿĝ×ĒÀÍĝéąÿ

Devices like Keppi and SmallTalk reduce cognitive load by relying on
immediate, tangible input rather than requiring abstract reþection. Adams et
al. [ʱʵ] emphasize that reducing interaction steps increases engagement and
emotional comfort, particularly in vulnerable populations.
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Painometer [ʰʯ] remains eʡective in clinical settings, but its interface re-
quires more deliberate attention, making it less suitable for rapid, ecologically
valid self-reporting in everyday contexts.

yÀÿáéÌù× Gÿĝ×ĒàÀÍ×Ė ÀÿÓ rÍĒ××ÿƦ>Ē×× GÿďĠĝ

Tangible interfaces allow users to externalize emotional states through
physical action. EmoBall [ʶ], Keppi [ʱ], and VoxBox [ʱʶ] all illustrate how
button-based or physical interaction can bridge the gap between introspection
and communication. These designs are especially helpful for users with limited
digital literacy or those in emotionally overwhelming situations.

ÍÍ×ĖĖéÌéùéĝı àąĒ rď×ÍéàéÍ kąďĠùÀĝéąÿĖ

SmallTalk [ʰʶ] demonstrates how children can express preferences using
physical tools, avoiding language or screen-based barriers. Aestimo [ʰʷ]
similarly enables older adults to evaluate user experience through tangible kits,
increasing inclusion in tech studies that often overlook this group.

Johansen et al. examined how self-tracking can assist individuals with
hearing loss in reporting their experiences with hearing aids across everyday
contexts. By enabling ecological momentary assessment of hearing quality,
their system allows for more precise tuning of auditory devices based
on real-world user feedback. This supports a user-centered model of
assistive technology development, where adaptations are informed by ongoing,
low-friction self-reporting rather than retrospective clinical visits [ʱʷ].

ĠĝąÿąþıƖ 5þďąī×Ēþ×ÿĝƖ ÀÿÓ rĠĒĪ×éùùÀÿÍ× néĖ÷

Lupton [ʱʸ] warns that self-tracking tools may shift responsibility to users
without providing true autonomy. Adams et al. [ʱʵ] stress that systems must
include opt-in/out features, data visibility, and user control. Otherwise, users
may feel monitored rather than supported.

Especially in mental health contexts, the ability to pause, delete, or
selectively share data reinforces agency and reduces the perception of external
surveillance.

1ÀĝÀ kĒéĪÀÍı ÀÿÓ +ąÿĖ×ÿĝ

Clear communication about what data is collected and how it will be used is
crucial for building trust. Systems should oʡer transparent data policies, export
features, and deletion controls. Luptonôs critique [ʱʸ] underlines that many
platforms lack suʢcient data ethics, particularly when dealing with intimate
emotional states.
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kĖıÍæąùąáéÍÀù GþďÀÍĝĖ ąà aĪ×ĒƦyĒÀÍ÷éÿá

Overtracking can lead to emotional exhaustion or hypervigilance, especially in
users prone to anxiety, PTSD, or chronic stress. Frequent prompts or rigid
schedules may reduce compliance and cause users to disengage or ýxate on
negative emotions. Several studies (e.g., [ʰʳ], [ʲ]) caution against systems
that prompt users too frequently or lack emotional sensitivity in timing and
messaging.

Designers must balance granularity with emotional sustainability. Systems
should avoid aggressive notiýcations or excessive logging frequency, instead
allowing users to self-regulate their engagement level.

5þÌąÓé×Ó Z×ÀĖĠĒ×þ×ÿĝ

Uhl et al. [ʲʯ] propose using haptic resistance as a self-report mechanism to
reduce abstraction bias. In contrast to TapToTrackôs binary logging, embodied
systems use physical force to mirror internal eʡort, creating a more intuitive
and expressive form of self-report. This method shows promise in lab settings
but remains less validated in everyday use.

1×Ėéáÿéÿá àąĒ kùÀıàĠùÿ×ĖĖ ÀÿÓ ÍÍ×ĖĖéÌéùéĝı

VoxBox [ʱʶ] and SmallTalk [ʰʶ] demonstrate that playful, physical feedback
can be both engaging and informative. These systems use levers, dials, or
tangible sliders to encourage natural input, particularly useful for populations
that may feel intimidated by digital forms or clinical contexts.
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ŏ r×þéƦrĝĒĠÍĝĠĒ×Ó 5İď×Ēĝ Gÿĝ×ĒĪé×īĖ

To complement the ýndings from the literature review, semi-structured
interviews were conducted with three individuals with relevant expertise in
the design and use of self-tracking tools. The aim was to validate emerging
themes, uncover additional perspectives, and ensure the projectôs direction
was informed by current expert insights. These interviews helped ground the
project in both academic and practical realities, and pointed to potential areas
for improvement.

5İď×Ēĝ r×ù×Íĝéąÿ ÀÿÓ rĝĠÓı 1×Ėéáÿ

The interviews focused on how users and researchers relate to one-button self-
tracking, aiming to gather insights into expectations for feedback, integration
into routines, and barriers to regular use. The interview guide was inspired
by themes from the literature review and included open-ended as well as
scenario-based questions. All interviews were conducted in person and
lasted approximately ʳʴ minutes. While each conversation followed a
common structure, additional tailored questions were included based on each
participantôs area of expertise.

ŏƕō yæ× 5İď×ĒĝĖ

The participants were selected to represent a diversity of perspectivesðranging
from academic research to practical design and lived experienceðwith the
potential to highlight both strategic and everyday considerations relevant to
one-button self-tracking.

Svetlana ñLanaò Yarosh is an Associate Professor in the Computer Science
and Engineering Department at the University of Minnesota. She is also a
faculty member in the GroupLens Research Center. Her research focuses
on embodied interaction in social computing systems. Lana brings a clinical
research perspective to this project, with deep experience in designing and
evaluating interactive systems for behavioral health and wellbeing.

McLean Donnelly is a faculty member at the University of Minnesotaôs
College of Design and a seasoned design executive. He has held leadership
roles at companies such as Shutterstock, Shopify, and Expedia, and regularly
speaks at conferences and serves on nonproýt boards. McLean contributed a
design-oriented perspective to the project, emphasizing simplicity, emotional
resonance, and how such tools can ýt naturally into everyday routines.

Matthew Zent is a PhD candidate in the GroupLens Lab at the University
of Minnesota, where he researches human-computer interaction (HCI) at the
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intersection of computer science, psychology, and communication. With a
background in software engineering and entrepreneurship, his work explores
how online systems can support mental and physical health. His perspective
on self-reporting tools is grounded in both technical understanding and
user-centered research practices.

ŏƕŎ Gÿĝ×ĒĪé×ī rĝĒĠÍĝĠĒ×

Each interview followed a semi-structured format, beginning with general
questions and progressing to domain-speciýc themes. A shared pool of
open-ended questions guided the conversations, with personalized follow-ups
depending on the expertôs backgroundðclinical, design, or research. The core
questions focused on experiences with self-tracking tools, expectations for
feedback and usability, and ethical considerations.

Examples of questions included:

Å How do you currently collect or work with behavioral or emotional data?

Å What value could a simple self-reporting tool (e.g. a button or wearable)
provide in your work or daily life?

Å What features would make such a tool helpful, intuitive, or engaging?

Å Can you imagine speciýc situations or routines where a one-button tracker
would be especially useful?

Å What kind of feedback (e.g., haptic, visual, summary statistics) would be
most important to include?

Å How do you see the balance between simplicity and richness of input (e.g.,
single button vs. voice/text)?

Å What might motivate someone to use such a tool regularly? What might
discourage use?

Å What ethical considerations should be prioritized (e.g., privacy, autonomy,
data ownership)?

Å How should data from such a system be visualized to be meaningful
without overwhelming the user?

ŏƕŏ r×þéƦrĝĒĠÍĝĠĒ×Ó 5İď×Ēĝ Gÿĝ×ĒĪé×ī n×ĖĠùĝĖ

This chapter presents key insights from the semi-structured expert interviews,
organized around three central themes identiýed in the literature review. The
analysis highlights how expert perspectives align with, challenge, or expand
upon ýndings from previous research, with a particular focus on real-world
usability, technical feasibility, and ethical considerations in one-button
emotional self-tracking. Full transcripts from the three interviews are stored
in a private GitHub repository available by request [ʲʰ].
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Although the interviews touched on a wide range of issues, the ýndings
aligned closely with the three main themes identiýed in the literature review
(section ʱ.ʱ.ʰ). For consistency and comparability, the interview results are
therefore structured using the same thematic framework. These topics are
covered in the subsections below.

ŏƕŏƕō 1éàà×Ē×ÿĝ rÍ×ÿÀĒéąĖ àąĒ r×ùàƦyĒÀÍ÷éÿá

This subsection presents key scenarios discussed in the expert interviews,
highlighting how they align with or diverge from themes identiýed in the
literature review. The focus is on practical use cases for self-tracking across
clinical, everyday, and expressive contexts.

+ùéÿéÍÀù ÀÿÓ Ē×Ė×ÀĒÍæ ĠĖ× ÍÀĖ×Ė

Both the literature review and expert interviews highlight the value of simple
self-report tools in clinical and research settings, especially for capturing tran-
sient or subjective experiences that may otherwise go unrecorded. Professor
Yarosh discussed her work with ʰʱ-step program sponsors, where capturing
cravings in real time would have provided higher granularity and better insight
into intervention impactðsomething a once-a-day text survey failed to deliver.
Similarly, she emphasized how emotional or craving-related events often go
untracked because the required interaction (e.g., opening an app) adds friction.
A button-based solution could allow logging during real-life episodes, enabling
more ecologically valid data.

These ýndings align with PTSD-focused studies using the One Button
Tracker (OBT) and other phidget-based systems. Larsen et al. [ʴ] and
Arendt et al. [ʲ] similarly found that participants beneýted from immediate,
embodied logging, particularly when traditional diarymethods felt too abstract
or emotionally taxing.

In both research and clinical scenarios, the ability to separate intervention
use from tracking was noted as crucial. As Yarosh pointed out, requiring
participants to use an app as a condition for compensation can introduce
bias; instead, passive or user-initiated logging tools preserve agency and reveal
organic usage patterns.

5Ī×ĒıÓÀı ĝĒÀÍ÷éÿá ÀÿÓ ĒąĠĝéÿ× éÿĝ×áĒÀĝéąÿ

Experts emphasized the importance of self-tracking tools that integrate
seamlessly into daily routines. Professor Donnelly suggested that tracking
could be anchored to calendar eventsðe.g., prompting reþection aftermeetings
or workoutsðechoing EMA principles seen in JITAI systems. He noted that
push notiýcations sent right after a triggering event (like a þight landing in his
Expediawork) producedhigher response rates, andhe imagined similar nudges
could be useful post-meeting or during commutes.
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Lana Yarosh further stressed that integrationmust be subtle enough to allow
use in social contexts. For example, she described how a tool should ideally
allow a user to log input without breaking eye contact in conversationða point
that connects well to the embodied and discreet use cases presented in the
literature (e.g., [ʱ], [ʶ], [ʰʶ]).

Everyday usagemust also be sustained by visible outcomes. Lana noted that
without feedbackðsuch as summaries or overlays with calendar dataðusage
tends to fade. This supports ýndings from Adams et al. [ʱʵ] andWilliams et al.
[ʷ], which underline the role of feedback and habit reinforcement in long-term
engagement.

5İďĒ×ĖĖéĪ× ĪĖƕ þéÿéþÀùéĖĝ éÿĝ×ĒÀÍĝéąÿ

A major design tension discussed in both interviews and literature is the
balance between simplicity and expressive input. ProfessorDonnelly expressed
a desire for richer forms of interactionðvoice notes, sketches, or video
logsðciting that simple binary input might fail to capture emotional nuance.
He also suggested customizablemodes of expression depending on user context
(e.g., verbal vs. tactile).

In contrast, Yarosh and Zent pointed to the power of minimal input when
the barrier to interaction must be kept low. For many users, especially in
emotionally or physically overwhelming moments, pressing a single button
may be the only action they can feasibly perform. Still, both acknowledged
that even minimalist systems need mechanisms to encode variationðsuch as
diʡerentiating between long and short presses or repeated presses.

These insights reinforce the literatureôs treatment of expressive versus
minimalist tools: while analog sliders and voice logs can oʡer richer data,
physical buttons and tangible input (e.g., Keppi [ʱ], EmoBall [ʶ]) excel
in immediacy and real-world ýt. The challenge lies in allowing optional
expressiveness without overwhelming the base interaction model.

ŏƕŏƕŎ y×ÍæÿéÍÀù UéþéĝÀĝéąÿĖ ÀÿÓ nąÌĠĖĝÿ×ĖĖ

This subsection summarizes expert reþections on the technical constraints
of one-button self-tracking tools, with a focus on hardware reliability, data
integrity, and scalability concerns.

DÀĒÓīÀĒ× ÍąÿĖĝĒÀéÿĝĖ ÀÿÓ ďæıĖéÍÀù éÿĝ×ĒÀÍĝéąÿ

Across both interviews and the literature, the importance of tactile, reliable
hardware surfaced repeatedly. Professor Yarosh emphasized that for a
self-reporting device to be usable in everyday life, it must function seamlessly
during ongoing activities. She highlighted the need for non-obtrusive,
low-eʡort interaction that does not draw attention or interrupt the userôs þow.
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This aligns with studies like Vega et al. [ʳ], where Parkinsonôs patients
valued the simplicity of Flic-like buttons, though challenges arose with
accidental activations or poor placement. Trial participants echoed this in early
Flic tests (section ʴ.ʰ), noting missed long-press detections and uncertainty
about whether the right type of press had been registered. Improvements in
later trials, such as haptic feedback and better BLE integration, were responses
to these concerns.

While minimalist input remains central, its execution must be physically
and cognitively eʡortless. Donnelly suggested that embedding the button in
everyday objectsðlike keychains or wearable jewelryðcould enhance usability,
a concept resonant with embodied tools like Keppi or the recovery coin analogy
described by Yarosh.

1ÀĝÀ àéÓ×ùéĝı ÀÿÓ Ē×ùéÀÌéùéĝı

Technical reliability was another recurring theme. Lana Yarosh discussed
the limitations of relying on once-a-day text prompts in her craving study,
noting the lack of granularity and potential recall bias. She highlighted the
need for tools that capture events in the moment, providing more meaningful
cause-eʡect relationships between intervention and outcome.

BLE connectivity posed diʡerent challenges across system iterations. In
early development (section ʳ.ʰ), the main limitation was that the BLE
connection had to be manually re-established each time the app launched,
which hindered seamless operation. These early-stage issues align with
ýndings in the literature regarding BLEôs fragility in background mode or
multi-signal environments [ʱʱ], [ʰʳ].

To address this, later TapToTrack iterations in Sections ʴ.ʱ and ʴ.ʲ
integrated the Flic SDK directly, enabling presses to be logged even when the
app was closed, with reconnection triggered automatically upon a press after
idle. Local data buʡering was also prioritizedðan approach recommended in
several studies (e.g., [ʰʯ], [ʱʴ]) to prevent input loss during disconnections or
app backgrounding.

rÍÀùÀÌéùéĝı ÀÿÓ ùąÿáƦĝ×Ēþ þÀéÿĝ×ÿÀÿÍ×

From a systems perspective, scalability was described as both a technical and
design challenge. Interviewees noted that if such tools were to be rolled out
in broader clinical contexts or longitudinal research, several conditions must
be met: low maintenance (e.g., long battery life), minimal onboarding friction,
and robustness across diverse usage contexts.

Professor Yarosh remarked that participants must be able to ñforgetò about
setupðrelying on the system to ñjust work.ò This aligns with literature on
deployment fragility [ʱʯ], which warns that device loss, charging issues, and
reconnection problems often hinder long-term use in the ýeld.
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Moreover, participant agency and trust are prerequisites for sustained use.
Ensuring users feel that the data is private, their interaction meaningful, and
the system reliable is not just ethicalðit is infrastructural to scale.

ŏƕŏƕŏ |ĖÀÌéùéĝı ÀÿÓ |Ė×Ē +ąþþéĝþ×ÿĝ

This subsection explores how experts evaluate usability, long-term engagement,
and motivational factors that inþuence sustained use of button-based self-
tracking systems.

réþďùéÍéĝı ÀÿÓ àĒéÍĝéąÿù×ĖĖ éÿĝ×ĒÀÍĝéąÿ

Across all expert interviews, simplicity was described as not just a design
preferenceðbut a requirement for sustained use. As previously noted, Lana
Yarosh highlighted that any interaction must be easy enough to perform
ñwithout breaking eye contact,ò especially in social settings. Donnelly echoed
this, describing himself as a ñskeptical internet userò who would only adopt a
tool that ýts seamlessly into existing routines.

These insights align closely with literature emphasizing tangible, screen-free
interaction (e.g., Keppi [ʱ], EmoBall [ʶ], SmallTalk [ʰʶ]). Devices like
the Flic button or One Button Tracker reduce the cognitive load compared
to smartphone-based interfaces, enabling discreet and immediate input.
Participants in the TapToTrack trials described in Chapter ʴ conýrmed this
advantage, describing how the button allowed for quick logging even during
work or transitions.

However, initial trial feedback also revealed moments of uncertaintyðpar-
ticipants werenôt always sure whether a press had been registered. This was
resolved in later iterations through haptic feedback and improved Bluetooth
reliability, reinforcing the literatureôs point that even ñfrictionlessò input must
still oʡer reassuring system feedback [ʰʯ], [ʰʳ].

ZąĝéĪÀĝéąÿƖ à××ÓÌÀÍ÷ ÀÿÓ æÀÌéĝ àąĒþÀĝéąÿ

Experts and users alike stressed that a tool like TapToTrackmust domore than
capture dataðit must give something back. Donnelly emphasized the need for
motivation and delight, suggesting that small feedback loopsðvisual, haptic, or
even playfulðcould keep users engaged. Lana discussed how tracking would
lose its appeal without reþective output: even something as simple as a daily
summary or ñthank youò could reinforce the habit.

These points resonate with JITAI frameworks [ʰ] and reward mechanics
borrowed from game design, as mentioned in the literature [ʰʱ]. In later
TapToTrack trials (section ʴ.ʲ), the addition of visual analyticsðsuch as pie
charts and ñmost active hourò summariesðwas met with positive feedback.
Participants described these features as helpful in understanding stress
patterns and feeling acknowledged for their eʡort.
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Still, forming a habit remains challenging. Lana pointed out the risk of the
tool fading from awareness if no meaningful feedback is provided. Similarly,
one participant noted that even with improved design, they occasionally
forgot to press the button during intense stressðillustrating that behavioral
reinforcement must go beyond usability and tap into goal alignment and
emotional salience.

5ĝæéÍĖƖ ďĒéĪÀÍı ÀÿÓ ĠĖ×Ē Àá×ÿÍı

Ethical considerations were consistently raised in both expert interviews
and prior literature. Yarosh emphasized that participants should never feel
obligated to use the device, nor should it become a marker of vulnerability or
mental illness. The button must feel like a personal toolðnot a medical device
or surveillance mechanism.

Concerns about stigma were reþected in her discussion of ñsmart jewelryò or
disguised form factors. This aligns with broader literature (e.g., Lupton [ʱʸ])
calling for self-tracking systems to prioritize autonomy, informed consent, and
transparent data handling. Donnelly added that for a tool to feel safe, it must
clearly communicate who owns the data and how it can be used or deleted.

TapToTrackwas designed accordingly. During trials, no location or personal
identiýers were logged; all data was stored locally; and features like haptic
feedback were added to reinforce user control. These choices were made not
only for privacy, but to enhance perceived trust and emotional safetyðboth
of which, as literature and interviews show, are prerequisites for long-term
engagement in behavioral health tools.
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Ő rıĖĝ×þ ÀÿÓ 1ÀĝÀ ĒÍæéĝ×ÍĝĠĒ× kĒąĝąĝıďƦ

éÿá

This chapter presents the iterative development and evaluation of early
technical prototypes designed to explore Bluetooth-based input logging and
backend data storage for one-button emotional self-tracking. Each setup
addressed speciýc questions about feasibility, robustness, and usability,
forming the technical foundation for the later user trials.

The designs were informed by key themes identiýed in both the literature
review and expert interviews, including the importance of simple, low-eʡort
interaction; reliable Bluetooth connectivity; and local data handling to support
user autonomy. Three exploratory setups are described in detail:

Å An iOS game integrated with the MySignals BLE button: Used to evaluate
BLE connectivity, latency, and the user experience of single-button
interaction in a real-time feedback scenario.

Å A custom-built input prototype using the Seeed Studio XIAO nRFʴʱʷʳʯ
microcontroller: Developed to explore the feasibility of creating a fully
custom hardware button system, with a focus on input detection and
low-power embedded design.

Å A local backend server architecture, referred to as the Oslo server:
Implemented to test real-time logging of button press events over HTTP
into a MongoDB database, simulating remote data capture workþows.

Each prototype was developed to probe diʡerent technical aspects prior to
selecting the ýnal conýguration for the trials described in Chapter ʴ. This
chapter outlines the purpose, methodology, and key insights gained from each
iteration, all of which contributed to shaping the ýnal design of the TapToTrack
system as shown in Section ʴ.ʲ.

Őƕō ZıréáÿÀùĖ *U5 *Ġĝĝąÿ īéĝæ rīéàĝ ?Àþ×

This ýrst prototype explored the basic feasibility of using Bluetooth-based
physical input for real-time emotional self-reporting. Prior literature empha-
sized the beneýts of simple, tangible interaction in emotionally charged or
cognitively demanding contexts [ʱ, ʶ], while expert interviews highlighted the
need for low-eʡort tools that could be usedwithout disrupting social interaction
or requiring visual attention. To evaluate these assumptions, the MySignals
BLE button was integrated with a simple iOS-based n-back game, creating a
structured scenario in which button input could be expected and measured.
The MySignals button is shown in Figure ʱ.ʳ.
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The MySignals device oʡered minimal setup and a compact form factor, but
only supported a single press type, making it suitable for evaluating the lower
bounds of input complexity. This setup helped assess core system requirements
such as BLE latency, connection stability, and user experience under light
cognitive loadðlaying the groundwork for later iterations withmore expressive
and robust input.

Z×ĝæąÓąùąáı

The experiment involved the integration of a MySignals BLE button with a
Swift-based iOS application. The appwas designed to simulate an n-back game,
a task format chosen for its structured, time-sensitive input demands. In this
setup, participants were required to respond to on-screen prompts by pressing
the Bluetooth button, allowing for precise evaluation of input responsiveness
and BLE communication stability. The game layout are shown in Figures
ʱ.ʰ-ʱ.ʲ.

The app initiated a BLE scan on ýrst launch, searching for nearby
peripherals. The MySignals button, broadcasted under the device name
ñITAG,ò was manually selected and paired during this initial run. Once
connected, the app listened for speciýc Generic Attribute Proýle (GATT)
characteristics to detect button press events. These events were then mapped
to game inputs in real time.

To ensure consistency and ease of observation, the system was tested under
controlled conditions using a physical iPhone ʰʰ Pro. During repeated trials,
the BLE signal strength, latency between button press and system response,
and overall connection stability were informally monitored. These tests helped
assess the feasibility of real-time Bluetooth interaction in a mobile context
and informed early improvements in logging robustness and reconnection
handling.

No external libraries were used for BLE communication; all Bluetooth
operations were handled via CoreBluetooth, Appleôs native framework for
Bluetooth Low Energy in iOS. The app logged each received press and
responded by progressing the n-back game sequence, providing both visual and
auditory feedback for successful inputs.

By structuring the test around a simple cognitive task with frequent,
time-locked input, it was possible to systematically assess the reliability of BLE
input capture, evaluate perceived latency, and identify usability friction points
in the pairing and interaction process.

n×ĖĠùĝĖ

The code for this initial prototype is available on GitHub[ʲʱ]. The prototype
successfully demonstrated that BLE-based button input could be captured
reliably in a Swift-based iOS application. Across multiple trials, button
presses were consistently registered with no observed input lag, and the system
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maintained a stable connection throughout each test session. The integration
with the n-back game provided a clear visual conýrmation of each press,
conýrming the feasibility of using physical button input in interactive mobile
contexts.

However, several limitations emerged. Most notably, the MySignals button
only supported a single input typeða short pressðlimiting its usefulness for
emotional self-reporting scenarios where diʡerentiation between states (e.g.,
stress vs. calm) would beneýt frommultiple input types such as long or double
presses. Additionally, while the manual pairing process worked reliably, it
introduced a small amount of setup friction that would likely pose a barrier
in real-world or multi-user settings.

Despite these constraints, the test served its purpose as an initial technical
validation. The system proved that low-cost BLE hardware could be paired
with amobile app to provide real-time input with suʢcient responsiveness and
reliability. This trial also reinforced the importance of form factor and tactile
interaction in shaping user experienceðpressing a dedicated physical button,
rather than tapping a screen, felt immediate and satisfying.

These ýndings informed the transition to more þexible and user-friendly
hardware in later development stages, particularly the adoption of the Flic ʱ
button, which oʡered greater interaction granularity and improved integration
with iOS.

Figure ʱ: Visual description of the cognitive task game. Figure ʱ.ʰ (far left) displays the home
screen of the TapToTrack game interface used for BLE latency testing. Figure ʱ.ʱ (middle left)
displays the home screen that appears when a button is connected. Figure ʱ.ʲ (middle right)
displays the gameplay view during the n-back task. Figure ʱ.ʳ (far right) displays theMySignals
BLE button used for physical input.
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ŐƕŎ r×××Ó rĝĠÓéą ­G a ÿn>őŎŔŐŌ īéĝæ ĒÓĠéÿą

Building on the initial testing with the MySignals BLE button, this second
prototype explored the feasibility of developing a custom hardware solution
for Bluetooth-based input logging. While commercial devices like Flic oʡered
convenience and stability, interview participants emphasized the value of
long-term autonomy and þexibility in system designðboth in terms of data
control and form factor customization. A bottom-up hardware approach
allowed for greater experimentation with device size, energy eʢciency, and
ýrmware-level responsiveness.

The Seeed Studio XIAO nRFʴʱʷʳʯ was selected for its compact dimensions,
native BLE support, and compatibility with Arduino-based workþows. Al-
though this prototype was not used in user-facing trials, it provided critical
insights into the technical trade-oʡs involved in building a button-based
wearable system from scratch, including challenges related to latency, power
consumption, and integration overhead.

Z×ĝæąÓąùąáı

The prototype was built using the Seeed Studio XIAO nRFʴʱʷʳʯ development
board, connected to a simple analog tactile button. The button was soldered
directly to the board and mounted on a breadboard for structural support,
visible in Figure ʲ. Basic debounce logic was implemented in software to ensure
clean signal detection from the button input.

For this setup, the XIAO board was powered and programmed via USB-C,
connected to aMacBook. While the board has full Bluetooth Low Energy (BLE)
capabilities, the initial prototype focused on local input logging, with button
presses displayed in the Arduino Serial Monitor. This approach allowed for
rapid testing and validation of the button detection logic without introducing
additional BLE complexity.

The ýrmware was written from scratch using the Arduino IDE, with custom
code for button polling, debouncing, and serial output. Although no BLE
advertising or connections were implemented in this prototype, the boardôs
ability to detect physical input and respond reliably laid the groundwork for
future integration with Bluetooth communication.

Thismethodology emphasized hands-on prototyping and direct control over
both hardware and ýrmware, helping us assess whether a custom-built button
system could be a realistic alternative to commercial solutions.

n×ĖĠùĝĖ

The XIAO nRFʴʱʷʳʯ prototype functioned as expected in a controlled testing
environment. Button presses were consistently registered and displayed
through the serial interface, conýrming that the analog input and debounce
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logic worked reliably. The tactile response of the physical button, combined
with the low-latency detection, demonstrated the potential for real-time input
logging in future versions of a custom device.

Although Bluetooth functionality was not activated in this early version, the
prototype validated the core electrical and software stack needed for further
development. The use of a low-powermicrocontroller andminimal component
setup suggested that a fully self-contained, battery-operated device would be
technically feasible.

One notable limitation was the lack of input type þexibility: the analog
button oʡered only a single type of press, similar to the MySignals setup.
However, since the microcontroller supported programmable input handling,
it would be possible to extend this in future iterations to support long presses,
multiple buttons, or even analog pressure sensing.

In summary, this prototype reinforced the viability of custom hardware
development, but also highlighted the added complexity compared to using
pre-built commercial devices. Given the available project timeline and goals,
the insights gained from this build helped inform the decision to prioritize
software development and Flic button integration for user-facing trials, while
keeping open the possibility of future hardware customization. The Arduino
test code is available on GitHub[ʲʲ].

Figure ʲ: Prototype built using Seeed Studio XIAO nRFʴʱʷʳʯ and a tactile button for testing
local input detection in Arduino.

Őƕŏ aĖùą r×ĒĪ×ĒƗ UąÍÀù *ÀÍ÷×ÿÓ àąĒ 5Ī×ÿĝ Uąááéÿá

To explore the feasibility of remote data logging, a local server architectureðre-
ferred to internally as the Oslo serverðwas developed to handle real-time
input from the Flic button. While not used in participant trials, this prototype
served as a technical proof-of-concept for a complete backend pipeline: from
Bluetooth input on a mobile device, through HTTP transfer, to structured
database storage.

This setup aligned with themes raised in both the literature and interviews
regarding ethical data handling, local autonomy, and system transparency.
By hosting the backend on a secured university workstation, key elements
of a full-scale deployment could be simulated while maintaining control over
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sensitive data þows. The Oslo server thus enabled early evaluation of logging
latency, system stability, and the practical challenges of integrating mobile
input with persistent storage infrastructure.

Z×ĝæąÓąùąáı

The Oslo server was implemented using a Node.js backend with the Express
framework to handle HTTP requests. Incoming data was stored in a MongoDB
database, which provided a þexible schema for recording timestamped button
events. Each logged event included two key ýelds: the type of press (e.g., single,
double, long) and the exact time the event was received.

Initially, development and testing were conducted locally on a MacBook
Pro, but the system was quickly migrated to a desktop machine within the
universityôs eduroamnetwork. This setup enabled the server to be reachable via
a local IP address from mobile devices connected to the same Wi-Fi network.

The Flic app was conýgured to send web requests directly to the serverôs
REST API endpoints upon each button press. No intermediate app was
used in this þow; the Flic app acted as both the Bluetooth handler and the
trigger for data transmission, how this was setup is shown in Figure ʳ. This
provided a streamlinedway to test the communication chain between hardware
interaction and remote data logging.

The server itself was run using PMʱ, aNode.js processmanager that ensured
uptime and enabled simplemonitoring of performancemetrics. MongoDBwas
accessed via the mongodb Node.js driver, and no authentication was required
in this internal test setup due to the restricted network access.

This architecture allowed us to validate the full end-to-end data þow: from
button press to HTTP request, to server receipt to database storage.

n×ĖĠùĝĖ

The code for this testing is available on GitHub[ʲʳ]. The Oslo server prototype
functioned as intended, with all incoming button press events successfully
recorded in the MongoDB database. During testing, the system demonstrated
end-to-end integrity: presses on the Flic button triggered HTTP requests via
the Flic app, which were received by the Node.js server and persisted in the
database without data loss.

However, some latency was observed between the button press and
conýrmation of data receipt, likely due to Wi-Fi and routing conditions on the
university network. While this delay was not signiýcant enough to impact basic
testing, it could become a concern in time-sensitive scenarios or in user-facing
applications where feedback immediacy is critical.

Twomajor limitations emerged that ultimately disqualiýed this architecture
from use in live user trials:
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Å Network Accessibility: The server was hosted on a university desktop
within the eduroam network, which restricted access to devices connected
to the same institutionalWi-Fi. This severely limited the systemôsmobility
andmade it unsuitable for real-world testing scenarios where participants
might be at home, commuting, or on cellular data.

Å Privacy and Data Security: Although no identifying personal data was
stored, transmitting stress-related or emotionally tagged input over
a networkðespecially one with limited control and encryptionðraised
ethical and privacy concerns. For a study involving behavioral health and
emotional self-reporting, ensuring participantsô data sovereignty was a
priority.

As a result, the Oslo server was used exclusively for internal development
and debugging, oʡering valuable insight into backend structure, request
handling, and database logging. The experience informed later architectural
decisions and reinforced the advantages of local logging for early-stage and
privacy-sensitive prototyping.

Figure ʳ: Flic iOS app setup for the Oslo server prototype, showing webhook conýguration for
HTTP event transmission to a local Node.js backend.
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ő Gĝ×ĒÀĝéĪ× >ùéÍ *Ġĝĝąÿ yĒéÀùĖ éÿ À kÀĒĝéÍéďÀƦ

ĝąĒı 1×Ėéáÿ kĒąÍ×ĖĖ

The iterative trials served multiple purposes within the participatory design
process. Initially, the primary objective was to assess the technical robustness
of the systemðspeciýcally whether Bluetooth-based button presses could be
reliably captured in real-world conditions. This goal was central to the ýrst and
second trials, both of which tested diʡerent integration strategies to ensure that
all user inputs were logged without delay or failure. Early attempts using push
notiýcations revealed critical weaknesses, particularly in terms of reliability
and user trust.

Beyond robustness, the trials aimed to explore the everyday usability of
the system. Each iteration oʡered an opportunity to evaluate how intuitive
the interaction felt to participants and whether the button could be smoothly
integrated into their daily routines. Trial ʲ shifted focus toward evaluating
diʡerentmethods of data visualization, such as pie charts andusage summaries,
to support user reþection and engagement.

A further rationale for conducting extended real-world trials, rather than
short lab-based testing, was to collect feedback on how users experienced the
system over time. This approach allowed the design to evolve based on lived
experience rather than assumptions or theoretical models. The overarching
goal was to ensure that every button press was not only reliably captured but
also delivered in a way that felt meaningful and user-friendlyðan expectation
that the initial implementation failed to meet.

ZąĝéĪÀĝéąÿ ąà GÿéĝéÀù r×ù×Íĝéąÿ ąà 1×ĪéÍ×

Several input methods were considered during the early stages of development,
including the MySignals BLE button, a custom-built Arduino-based prototype
using the Seeed StudioXIAOnRFʴʱʷʳʯ, and the Flic ʱ button (Figure ʰ). While
each option oʡered diʡerent beneýts, the Flic button was ultimately chosen
for its compact form factor, robust Bluetooth Low Energy (BLE) support, and
the ability to detect multiple types of inputðsuch as single, double, and long
presses.

In contrast to the MySignals button, which supported only a single type
of press, the Flic button allowed for richer and more þexible input. This
was particularly valuable in the context of emotional logging, where subtle
distinctionsðsuch as varying levels of stressðcould be represented by diʡerent
press patterns. The availability of a well-documented Software Development
Kit (SDK) and a þexible companion app further strengthened its suitability.
Although the SDKwas not the primary deciding factor, it proved to be a helpful
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asset during implementation.

The Flic system did have limitations. Notably, it lacked the capacity
for continuous or analog input, such as measuring the intensity of a press.
However, these limitations were mitigated by interpreting input frequency
or type as proxies for emotional nuance. While commercial availability and
consumer usability were not central selection criteria, the Flic buttonôsmaturity
as a product and ease of integration made it a practical and eʡective choice for
this project.

5ĝæéÍÀù +ąÿĖéÓ×ĒÀĝéąÿĖ éÿ r×ùàƦyĒÀÍ÷éÿá rıĖĝ×þĖ

Ethical concerns in self-tracking systemsðparticularly in the context of
emotional and behavioral healthðare central to both system design and
long-term adoption. Prior literature emphasizes risks related to privacy,
surveillance, autonomy, and emotional overload. Tools that collect sensitive
data without suʢcient user control can lead to feelings of being monitored
rather than supported, especially when used inmental health contexts. Lupton
warns against systems that shift responsibility to the user without granting
genuine agency[ʱʸ], while Adams et al. [ʱʵ] argue for the importance of opt-in
features, transparency, and the ability to pause or delete data.

These concerns were directly reþected in the expert interviews. Professor
Yarosh highlighted the importance of participant agency in research tools and
stressed that users must feel in control of both when and how they report
emotional states. Participants should never feel obligated to log an event.
Similarly, participants in the early trials expressed discomfortwith not knowing
whether a button press had been logged correctly or how their data would be
used.

To mitigate these risks, the TapToTrack system was intentionally designed
to prioritize local data storage, avoid geolocation tracking, and minimize
identiýable metadata. No cloud syncing was used during trials, and all
logging was done anonymously on-device. Participants were verbally briefed
about the systemôs functionality, data þow, and limitations, ensuring informed
participation. Features like optional haptic feedback and visual conýrmation
were added not only for usability, but to reassure users that their input was
captured on their own terms.

Moreover, the system design consciously avoided aggressive notiýcations
or externally timed prompts, reducing the risk of emotional overload or
compulsive checking behavior. This aligned with literature highlighting the
psychological risks of over-tracking, such as increased anxiety or hypervig-
ilance. By allowing users to control both when and how often they log
events, TapToTrack sought to maintain a balance between expressiveness and
emotional sustainability.
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1×Ėéáÿ U×ÀĒÿéÿáĖ àĒąþ 5ÀĒùı kĒąĝąĝıď×Ė

The initial technical prototypes provided valuable insight into both the
potential and limitations of Bluetooth-based input systems for emotional
self-tracking. One early concern was Bluetooth latency; however, testing with
the MySignals BLE button quickly showed that latency was not a practical
barrier. Button presses were registered quickly enough to feel instantaneous
to the user, even in time-sensitive tasks.

In contrast, the limited input capability of early devices proved to be a more
signiýcant constraint. The MySignals button supported only single presses,
which restricted the expressiveness of logging. Similarly, the custom-built
Arduino prototype oʡered full control over the hardware but lacked BLE
integration at the time, limiting its usefulness for real-world testing. These
experiences underscored the importance of both interaction granularity and
system reliability.

The Oslo server prototype explored backend logging over a local network,
demonstrating that full end-to-end data capture from button to database was
feasible. However, limitations aroundWi-Fi accessibility and privacy concerns
led to the decision to avoid server-based infrastructure in later trials. Instead,
focus shifted to local logging and app-based processing, aligning with both
technical robustness and ethical requirements.

These prototypes collectively shaped the transition to the Flic button and
in-app logging: a combination that oʡered reliable multi-type input, improved
user feedback, and suʢcient technical stability without compromising simplic-
ity

yĒéÀùĖ r×ĝĠď

Participants were given both verbal and written instructions explaining the
purpose of the trial, how to use the Flic button, and how logging behavior would
be captured by the app.

During the ýrst trial, the system relied on push notiýcations triggered by
the Flic app. Users were instructed to tap on these notiýcations afterward to
log events within the TapToTrack app. This setup required a foreground app
interaction, which introduced usability challenges and technical fragility. In
the second and third trials, a locally integrated version of the appðwith direct
Bluetooth SDK supportðwas used instead. This version logged presses even
when the app was in the background or not open at all, signiýcantly improving
reliability and reducing user friction.

All data was stored locally on the device to ensure privacy, minimize
technical dependencies, and reduce latency. No cloud synchronization or
remote database was used during trials. This design choice also aligned
with participantsô expectations around data control and emotional safety, as
revealed in both expert interviews and informal post-trial discussions.
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Participants used the button in their natural environmentsðat home, at
work, or while commutingðoʡering insights into how the system integrated
into daily routines. Each trial focused on a distinct design objective: verifying
technical robustness (Trial ʰ), improving robustness, usability, and feedback
mechanisms (Trial ʱ), and exploring user-facing data visualization features
(Trial ʲ). The source code for each trial is available on GitHub, organized by
branch [ʲʴ].

Across all iterations, semi-structured interviews were conducted following
each iteration to gather qualitative insights related to usability, emotional
reþection, and long-term engagement. Transcripts from the post-trial
interviews are available in a private GitHub repository and can be shared upon
request [ʲʰ].

kÀĒĝéÍéďÀÿĝ kĒąàéù×Ė

All three trials involved the same two participants, both of whom were PhD
students aʢliated with the GroupLens Research Lab at the University of
Minnesota. Their academic backgrounds in human-computer interaction
(HCI) and behavioral health technologies made them well-suited to provide
both technical feedback and reþective insights on system usability.

Seraphina Yong is a PhD student in HCI whose research focuses on
interactive systems that support well-being and social connection. Her
contributions to the trial included both experiential feedback and design-
oriented suggestions, especially regarding emotional nuance and the potential
for alternative use cases beyond stress logging.

Minzhu ñMindyò Zhao is a ýrst-year PhD student in Computer Science with
interests in social computing and behavioral health. Her perspective combined
user empathy with attention to system-level detail, particularly in evaluating
feedback mechanisms, emotional impact, and potential for habit formation.

Both participants had prior familiarity with self-tracking systems but had
not previously used a one-button logging tool. Their recurring involvement
across all three trials enabled deeper evaluation of the system over time and
provided continuity in feedback, which was crucial for iterative reýnement.
Their engagement also reþected a dual lens: both as potential end users and as
critical observers grounded in design research. For the purpose of this report,
participants will be referred to anonymously in the results section.

őƕō yĒéÀù ōƗ nąÌĠĖĝÿ×ĖĖ īéĝæ >ùéÍ kĠĖæ [ąĝéàéÍÀĝéąÿĖ

The ýrst trial had a main focus on asserting that the goal of the project could be
met by the decided type of trials. The app in this trial used push notiýcations
from the Flic app. The push notiýcations could then be pressed later on to add
the button press to the local TapToTrack app. The app also featured home view
buttons that corresponded to the diʡerent types of pushes available with the

ŏŌ



Flic application, visible in Figure ʴ on the next page.

Figure ʴ: Trial ʰ interface. Figure ʴ.ʰ displays the Flic app push notiýcation setup for logging
button presses. Figure ʴ.ʱ displays the TapToTrack home screen with mapped button types
for manual input. Figure ʴ.ʲ displays the Your Pushes list. Figure ʴ.ʳ displays a Clear Pushes
button available in the settings menu from the home screen.

yĒéÀù ō +ąÿÓĠÍĝ kĒąĝąÍąù

A small-scale user study was conducted with the two participants previously
mentioned in the participant proýles. Participants were asked to carry a Flic
button and use the app in their daily routine for ʲ days. They were instructed
to log events they personally experienced as stressful.

Data was collected via in-app logs and informal follow-ups. The focus
was on initial impressions, technical functionality (e.g., connectivity, delays,
reliability), and whether participants understood when and how to use the
system.

Following the test period, semi-structured interviews were held to gather
qualitative feedback. Interview questions explored:

Å Whether participants remembered to use the button and how aware they
were of the system during daily life

Å Whether the appôs interface felt intuitive

Å Any technical issues (e.g., missed presses, syncing problems)

Å Emotional reactions or insights gained through the logging process

In addition to these core questions, the interview structure allowed
for reþection on the participantsô stress patterns, coping behaviors, and
interpretations of how the system ýt into their routines. Key thematic areas
included:
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Å Naturalness of interaction: Whether pressing the button during stress felt
intuitive or required conscious eʡort.

Å Behavioral displacement: Whether the act of pressing the button replaced
other coping mechanisms (e.g., reaching for the phone or opening social
media).

Å Awareness and reþection: Whether participants became more aware of
their stress or emotional states as a result of logging.

Å Stress intensity diʡerentiation: Limitations were noted in expressing
diʡerent levels of stress using only one button and one type of input.

The qualitative feedback informed changes in the second iteration of the
system, particularly in areas such as onboarding clarity, feedback mechanisms,
and technical robustness.

kÀĒĝéÍéďÀÿĝ >××ÓÌÀÍ÷ Ƨ yĒéÀù ō

The two participants were interviewed after using the TapToTrack system for
three days. Their responses highlighted both the potential and the limitations
of the prototype in real-world use.

Stress Awareness and Reþection: Both participants reported that the act
of pressing the button made them more aware of their emotional state. One
participant described it as a òýdget-likeò behavior that helped her notice stress
she otherwise wouldnôt have acknowledged. The other participant noted that
pressing the button gaveher a chance to reþect, take a breath, andprocess stress
instead of avoiding it.

Behavioral Changes: One participant expressed that the button shifted her
usual behavior: instead of going to socialmedia during stress, she often reached
for the button instead. She believed it reduced her phone usage and gave her a
more active way to manage stress.

Use Case Expansion: One user experimented with using the button to
mark moments of distraction rather than only stress, suggesting alternative
applications like tracking focus or under-stimulation.

Technical Issues and Suggestions: Both participants experienced occasional
issues with long presses not being logged. One tester questioned whether her
extended press was recorded properly and suggested this be improved. One
user noted the challenge of knowing whether a press had been registered due
to earlier notiýcation issues. Both users felt that the push notiýcation system
was not the right way to go, which was expected, and the main purpose of this
trial was to get feedback on the usability of carrying the button.

Stress Intensity and Input Limitations: One user reþected on how diʡerent
levels of stress didnôt feel fully captured by a single button input. She pressed
the buttonmore frequently during periods of heightened stress, but wasnôt sure
if the system interpreted this diʡerence meaningfully.
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These insights were critical in informing design changes for the second
trialðparticularly around onboarding clarity, feedback after presses, and
reýning long-press detection.

őƕŎ yĒéÀù ŎƗ nąÌĠĖĝÿ×ĖĖ īéĝæ >ùéÍ r1S

The second trial aimed to improve system robustness and overall usability,
following key limitations observed during the initial evaluation.

+æÀÿá×Ė àĝ×Ē >éĒĖĝ yĒéÀù

In response to user feedback from the ýrst trial, the second iteration of the app
focused on improving reliability and reducing interaction friction by removing
the push notiýcation system. To support this, the Flic ʱ SDK [ʲʵ] was
integrated to enable direct Bluetooth communication, allowing the system to
log button presses even when the app was closed or running in the background.
Additional reýnements included minor UI enhancements and improvements
to onboarding. The application interface is shown in Figure ʵ.

Figure ʵ: Trial ʱ interface. Figure ʵ.ʰ displays the home screen view of the updated TapToTrack
app. Figure ʵ.ʱ displays the home screen when a Flic button is connected. Figure ʵ.ʲ displays
the list of made pushes. Figure ʵ.ʳ displays the settings view.

yĒéÀù Ŏ +ąÿÓĠÍĝ kĒąĝąÍąù

The updated version of the system was tested in a second trial with the same
duo of participants. As in the ýrst trial, participants carried the Flic button for
ʲ days and were instructed to log moments when they felt stressed. The main
diʡerence was the integration of the Flic SDK, which allowed button presses
to be stored regardless of whether the app was running in the foreground,
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background, or not at all.

After the trial, semi-structured interviews were conducted to evaluate the
impact of the changes. Interview questions again focused on usability, technical
performance, and emotional relevance. Participants were also asked whether
the act of logging stress had started to feel more habitual or remained artiýcial.

n×ĖĠùĝĖ

The second trial was conducted after implementing improvements based on
feedback from the ýrst round of testing. In this version, the app connected
directly to the Flic button via Bluetooth, without requiring any manual pairing
through the Flic app. This change signiýcantly reduced friction for users,
allowing them to engage with the system more intuitively.

Participants reported that the system felt more responsive and required less
cognitive eʡort, especially when the button was kept within reach.

Interview feedback revealed several key insights. One participant high-
lighted that physical discomfort (e.g., migraines) or beingmentally absorbed in
another task could inhibit button use, even during stressful moments. Others
developed personalized usage patterns, such as repeated single presses versus
long presses, to represent diʡerent types of stress. This emergent behavior
suggests that the button can support expressive, user-deýned interaction
patterns.

Both participants emphasized the value of post-trial reþection, expressing
interest in visualizations that include time-series patterns, press frequency,
and the ability to annotate entries. There were also suggestions to modify
the physical design of the buttonðsuch as embedding it in a heavier object
or keychainðto increase ease of use and tactile satisfaction. Concerns around
geolocation data were raised, particularly regarding privacy and interpretation
in indoor environments.

Overall, Trial ʱ showed improved usability and revealed nuanced behavioral
patterns that can inform future development. The interesting aspect of
reporting less social media use by one of the participants was mentioned again
in this trial.

őƕŏ yĒéÀù ŏƗ |­ 1×Ėéáÿ

This subsection describes the ýnal trial, with a focus on evaluating new visual
feedback features and gathering user input on interface design and clarity.

Z×ĝæąÓąùąáı

The third trial of the TapToTrack system was conducted following further
improvements based on user feedback from the second iteration. These
updates focused on enhancing user engagement and oʡering richer self-
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