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Figure 1: Three conditions were used in our study. They show the BASELINE condition in which a participant is interacting with
their personal data using a mobile application (left), a participant building a data physicalisation guided by pre-counted bricks
and instructions (middle), and a participant building a data physicalisation without instructions (right).

ABSTRACT

The ever-increasing number of devices quantifying our lives offers
a perspective of high awareness of one’s wellbeing, yet it remains a
challenge for personal informatics (PI) to effectively support data-
based reflection. Effective reflection is recognised as a key factor for
PI technologies to foster wellbeing. Here, we investigate whether
building tangible representations of health data can offer engaging
and reflective experiences. We conducted a between-subjects study
where n = 60 participants explored their immediate blood pressure
data in relation to medical norms. They either used a standard
mobile app, built a data representation from LEGO® bricks based
on instructions, or completed a free-form brick build. We found
that building with instructions fostered more comparison and using
bricks fostered focused attention. The free-form condition required
extra time to complete, and lacked usability. Our work shows that
designing instructional physicalisation experiences for PI is a means
of improving engagement and understanding of personal data.
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1 INTRODUCTION

Our lives are characterised by an increasing amount of data [13].
Ubiquitous personal trackers and measurement devices are equipped
with novel sensors and collect increasingly accurate measurements [9].
Personal Informatics (PI), i.e. the practice of gathering data about
our health, wellbeing and activity, has become a prominent feature
of many everyday technologies. Consequently, as the volume and
variety of personal data collected increases, it becomes a challenge
for users to understand and manage their PI experience. Reflec-
tion [7] is regarded as a key design goal for systems if they are to
use data collection for the wellbeing of the user. While research in
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Human-Computer Interaction has explored systems which foster
reflection, it is still unknown which design features benefit reflec-
tion and how to design effective reflection interfaces. To contribute
to solutions for this challenge, this paper investigates how users
can interpret data about themselves using tangible representations
of data, i.e. physicalisation.

Data physicalisation is an established topic in HCI [25], yet its
relationship with PI is yet to be fully explored. Past designs either
build the physicalisation for the user or offer extensive freedom
in constructing one. One class of systems in past research would
automatically build physicalisations of personal data for users, not
involving the user in the process of creating them. In this vein,
Khot et al. [28] used 3D-printed tangibles to foster recollections
of physical activity. Sauvé et al. [45] designed LOOP—a tangible
situated display which visualised fitness tracker data. These studies
showed that tangible representations of data provided an attractive
alternative to screens for personal informatics. Another strain of
work investigated cases where users were provided with materials
for physicalisation and encouraged engaging in open-ended con-
struction of physicalisations. Lee and Hong [30] used clay models
to help college students express their daily emotional state. Thudt et
al. [52] distributed craft material to participants and asked them to
visualise a variety of personal data types. They found that the active
construction of a physicalisation fostered reflection on data. This re-
flects the recognised property of tangible interfaces to being ‘closely
tied to the information they represent’ [47]. While past research
shows clear potential for physicalisation fostering reflection, the
variety of results and levels of involvement with the artefacts show
that there is a need to understand this design space more systemat-
ically. Thus, the potential of physcialisations fostering reflection
in personal informatics is yet to be explored. To effectively design
for personal informatics, recognising that dynamic, guided data
exploration has been shown to offer positive personal informatics
experiences [6, 14], we need to understand how much structure and
instruction should be provided to the user in the process of creating
a physicalisation. Further, there is a lack of comparative studies in
HCI which investigate the influence of creating physicalisations
(and how such physicalisations are created) on personal informatics
experiences.

To bridge this gap, this paper investigates if building tangible
representations of health data, as a common form of personal in-
formatics [13], can offer engaging and reflective experiences. We
endeavour to study if and how users can benefit from data physical-
isation in the light of current theories in personal informatics. To
this end, we conducted a between-subjects study where n = 60 par-
ticipants explored their immediate blood pressure data in relation
to medical norms. We compared three conditions: 1) a BASELINE
condition in which participants used a standard mobile app for
blood pressure measurements, 2) an INSTRUCTIONAL physicalisa-
tion condition in which participants received pre-counted LEGO®
bricks and were guided in building a physical representation of
their blood pressure measurement, and 3) a FREE-FORM physicalisa-
tion condition in which participants independently created a data
physicalisation of their data using LEGO® bricks. We found that the
INSTRUCTIONAL condition fostered reflection through comparison.
The free-form condition engaged the participants for the longest
time, yet lacked usability. Our work shows that self-built tangible
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representations can benefit PI systems if designed in a structured
manner.

This paper contributes the following: (1) a between-subjects
mixed-method study with n = 60 participants of how users explore
blood pressure data using three different methods and (2) insights
into how instructional physicalisation can offer benefits for fos-
tering reflection through comparison in PI. In this work, we first
review related literature in reflection, personal informatics, and
data physicalisation. We then present the method and findings from
our study, and conclude with a discussion and directions for future
research.

2 RELATED WORK

In this section, we first provide an overview of the general under-
standing of reflection within HCI. We then review systems that aim
to enhance reflection. Finally, we discuss the use of data physicali-
sation for encouraging data-driven reflection. We demonstrate how
the area of inquiry where personal informatics and designing data
physicalisation overlap requires further exploration.

2.1 Reflection in HCI

The HCI field has invested considerable effort in building an un-
derstanding of reflection. Reflection is seen as a multi-faceted con-
cept [7] and previous work indicates a lack of conceptual agreement
in the field regarding the definition of reflection [3, 7]. Even though
there is not a universally agreed-upon definition, Schén’s framing of
reflection [3, 50] has been prevalent in HCI research [3, 7]. A system-
atic review by Baumer et al. [3] showed that 70% of HCI papers that
explicitly defined reflection used Schon’s notion of reflection-in-
action or reflection-on-action. Reflection-in-action takes place dur-
ing action, implying that a person is reflecting on their actions while
performing them [46]. Usually, this requires unexpected events or
unpredictable outcomes of actions [36]. Reflection-on-action is a
post-hoc act. It is a reconstruction of an experience, based on our
memories of it. This type of reflection allows users to draw conclu-
sions based on an analysis of past events [15]. Furthermore, Schén
emphasizes that reflection often does not occur automatically, but
needs to be encouraged, as previously noted by Slovak [3, 50].
While Schon’s framing of reflection offers a lens for reflection, it
does not directly address how technology can support reflective
processes [50], leading to a gap in our understanding of how reflec-
tion can be facilitated by technology. In this work, we contribute to
HCT’s understanding of how to foster reflection by studying how
physicalisation can be employed to foster reflection on personal
data. As there is only incidental evidence that data physicalisations
may foster reflection, we explore ways in which physical data rep-
resentations can be effectively used to encourage reflection through
providing the user with guidance for data exploration as seen in
many past examples of technologies for reflection [3, 7].

2.2 Reflection in Personal Informatics

Reflection was also studied in the context of personal informatics
experiences. Personal informatics systems enable users to under-
stand their health and wellbeing through automatically collected
personal data. By reflecting on personal data, a user can notice
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patterns and trends, which can lead to more knowledge about one-
self [13]. Personal informatics systems have also been critiqued in
the past for not actively encouraging reflection [10, 29]. As noted by
Baumer [3], these systems often carry an implicit assumption that
by showing a user visualisations of their past data for the purpose
of reflection, that reflection will occur. However, this conflicts with
reflection theories that emphasize the importance of encouraging
reflection, as it often does not occur automatically [50].

Several models that describe the user’s journey in using per-
sonal informatics systems have been proposed. They aim to build a
more in-depth understanding of the reflection process. Epstein et
al. [14] proposed the Lived Informatics Model of Personal Informatics,
which is an extension of Li’s Stage-Based Model of Personal Infor-
matics Systems [31]. The Lived Informatics Model consists of four
stages: deciding to track, selecting tools, tracking and acting (which
is considered to be an ongoing process of collection, integration,
and reflection), and lapsing. While reflection is considered to be
a prominent part of the lived experience of personal informatics,
these models describe reflection from a meta-perspective.

To come to a deeper understanding of the reflection phase in
the personal informatics experience, the Lived Informatics Model
of Personal Informatics was later extended by Bentvelzen et al. [6].
Their work further dissected the reflection stage in the personal
informatics process. Their Technology-Mediated Reflection Model
(TMRM) describes user behaviours and practices in the reflection
phase of a personal informatics journey. The model shows how
users enter, exit and stay in the reflection phase. In the TMRM,
reflection is considered to be a temporary state—a dynamic process
in which a user constantly adapts their tracking experience to their
evolving needs. The temporal and conceptual cycles are essential in
this process. These cycles show how users’ needs and perspectives
evolve throughout their engagement with their tracker. The TMRM
interprets reflection as a cyclic process with intermediate stages.
This implies that systems that effectively support reflection help
the user to stay within the reflection cycle. However, the iterative
nature of this process implies that user needs undergo constant
changes, which, in turn, requires flexibility from the tracking sys-
tem. Everyday reflection requires everyday changes in perspective,
indicating a need for dynamic data-driven reflection support. To
this end, we inquire how tangible representations of health data,
which is most often studied as an example of PI [13], can be used
to allow users to explore their data from different perspectives.
Thus, we investigate the design properties of systems which can
contribute to the continuous reflection process as described in cur-
rent models of personal informatics. Our research explores if and
how data physicalisations can be effectively used in a PI context by
studying personal data representations through the lens of PI and
reflection theory, in order to stimulate the potential development
of the design space of physicalisations for PL

2.3 Facilitating reflection through data
physicalisation

A wide variety of strategies have been used in HCI to foster re-

flection. A structured literature review by Bentvelzen et al. [7]

lists these in a taxonomy of eleven design resources and 74 design

patterns. One of the design resources that has been used in HCI
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artefacts and commercial mobile apps for reflection is reframing.
Systems that use this aim to let the user see something in a new
perspective, which, in turn, evokes reflection. Reframing is often
implemented through the use of data physicalisation as a design pat-
tern. Data physicalisation aims to help people explore, understand,
and communicate data using physical data representations [12, 24—
26, 33, 35]. Niess and Wozniak [38] noted that effective reflection
on personal collected data required translating qualitative goals in
quantitative measures. Data physicalisation shares a similar prop-
erty where digital data points are represented through analogue
physical artefacts, providing a viable alternative for fostering reflec-
tion in personal informatics. Further, work in personal informatics
suggests that users need to invent new workflows for analysing data
to sustain reflection in tracking [6]. Data physicalisations have been
shown to offer alternatives to traditional analysis workflows [57],
thus suggesting their key potential as personal informatics tools.
However, we note that works that looked into processes of con-
structing physicalisation in detail, such as [42, 57], were conducted
outside of the context of personal informatics. Consequently, it
remains to be explored if and how the exploratory properties of
physicalisation can be applied to exploring and reflecting on per-
sonal data.

Sauve et al. [44] differentiates between three types of physicali-
sations: (1) static composite physicalisations, (2) shape-changing
interfaces, and (3) constructive visualisations. Static composite phys-
icalisations consist of objects that represent a ‘bucket’ of data that
cannot be reconfigured by the user. An example of such a physicali-
sation comes from Khot et al. [27] who created 3D printed artefacts
called SweatAtoms as a means to physicalise the user’s physical ac-
tivity data (i.e. heart rate). Shape-changing interfaces, on the other
hand, support interaction with dynamic composite physicalisations.
For instance, Sauve et al. [41, 45] created LOOP, which provides
an abstract visualisation of the user’s activity data by changing
its shape [44]. Finally, constructive visualisations support the free
reconfiguration of non-actuated token-based physical data representa-
tions [17, 21, 22, 44, 52]. In such systems, the user can construct and
reconfigure their data through physical building blocks (tokens).
For instance, Huron et al. [21] explored the use of physical tokens
as a data authoring tool for non-experts making sense of financial
data. Related to this, Thudt et al. [52] conducted a qualitative study
that explored the relationship between self-reflection and the con-
struction of personal physicalisations. In their study, participants
were familiarized with data physicalisation in a group workshop,
and used a provided kit consisting of materials such as beads to
construct their physicalisation at home over a period of 2—-4 weeks.
Their work showed that the flexibility and customisability enabled
participants to make data collection and representation part of their
everyday routines, and resulted in deep reflections for several par-
ticipants. This implies that constructive physicalisation potentially
facilitates data driven reflection by supporting users to engage with
their data.

However, given the exploratory nature of previous work in this
area, there is currently a lack of understanding regarding the re-
lationship between the physical construction of data and reflec-
tion. Further, previous work regarding data physicalisations in
a personal informatics context either focused on a tangible data
representation in which a user could not influence or control the
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physicalisation process (e.g. LOOP [27, 45]), or on open ended con-
structive physicalisations in which users independently created a
tangible representation from their data. A middle way, in which
users are guided but are, at the same time, free to influence the
physicalisation construction process, has, to the best of our knowl-
edge, not been investigated so far. Consequently, we argue that
there is a need for a more systematic approach. To this end we
conducted a mixed-method between-subject study that explores
whether building tangible representations can offer engaging and
reflective experiences. Thus, we contribute to work on personal
informatics by building a new understanding of the design proper-
ties of physical data representations in the context of reflecting on
personal information.

3 METHOD

To investigate how data physicalisation can benefit data exploration
in personal informatics, we conducted a between-subjects mixed-
method controlled user study. In particular, we were interested
in the consequences of introducing an instructional approach to
building data physicalisations. In the study, we asked participants
to explore their blood pressure data under three conditions: 1) a
baseline condition using a mobile application (BASELINE), 2) an
instructed physicalisation condition (INSTRUCTIVE), and 3) a free-
form physicalisation (FREE-FORM). This study investigated how
users interpreted and reflected on their personal data using tangible
representations.

To allow comparison between the three conditions we made sure
that participants were interacting with the same type of personal
data. As such, we decided to use a metric that we could measure for
each participant. In order to stay within the scope of the majority
of work on personal informatics [13], we opted to use data relevant
to health or wellbeing. This would allow us to later relate our find-
ings to models of personal informatics experiences. We considered
several metrics e.g., resting heart rate or heart rate variability, but
these often need to be measured over a longer period of time to
become useful and meaningful [48]. Therefore, we decided to use
blood pressure, as this measurement offers a reliable value at a
single point in time, and has the same ranges for each participant
(e.g. regardless of age or sex). It is also a metric which is not fea-
tured in most commercial fitness trackers, which implies that the
participants would be uniformly unaware of their current blood
pressure values, reducing novelty bias. We chose a between-subject
design as personal data insights can only be developed once, repli-
cating past studies of data reflection, discovery or sensemaking,
e.g., [23, 56]. In the remainder of this section, we present the details
on the participants, conditions, measures, and analysis methods.

3.1 Participants

We used our social networks combined with snowball sampling
to recruit n = 60 participants. We did not use exclusion criteria,
as our study design was suitable for all possible participants. The
participants were aged 18-46 years, M = 23.6, SD = 4.89. Thirty-
four identified as male, twenty-four as female, one as non-binary,
and one preferred not to answer. All participants were residents of
the European Union and were interviewed in their native language
or English. The participants were asked for consent for recording
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and informed that they could terminate the study at any time.
Theywere compensated for their participation according to the
average income of the respective countries. No participants reported
cardiovascular health issues prior to participating in the study.

3.2 Conditions

Our study compared three conditions, each with a different mode
of interacting with personal data representations:

Digital visualisation (BASELINE). In the BASELINE condition, par-
ticipants reviewed their blood pressure data using a smartphone
application which showed the systolic and diastolic measurements
as a numeric value, visualized as a line graph (related) , as shown by
Figure 2. Considering that the majority of commercial PI systems
use smartphone applications as a way to present personal data
to the user, we decided that it would be fitting to use this as the
BASELINE condition. Here, we decided to choose an existing solu-
tion available on the consumer market in order to compare design
alternatives to a strong baseline [19], which in turn enables compar-
isons relevant for future design. Further, studying practices around
existing systems is a core practice in personal informatics [13]. Con-
sequently, this condition enabled us to include an understanding
of how users conceptualise their data in the context of the study
using existing technologies. In the other two conditions, we asked
participants to use tangible objects (i.e. LEGO® bricks) to build a
physical representation of their blood pressure measurement. To
understand the role of structure and instruction in building data
physicalisations, we varied the level of instruction in these two
conditions.

Instructive Physicalisation (INSTRUCTIVE). In the INSTRUCTIVE
DATA PHYSICALISATION condition participants received pre-counted
bricks from a custom-made brick dispenser, and were instructed
to build a tower out of each brick colour. We decided to focus on
bar-chart-like towers in the study as they are an example data rep-
resentation type which is well understood in personal informatics
research and widely used in commercial applications [20, 37]. Fur-
ther, the activity of building towers (and the language associated
with the construction thereof) is commonly used in serious play
activities which employ LEGO® bricks [34]. Thus, tower building
offered a rich example of an Instructive Physicalisation with doc-
umented prior use and limited complexity. We decided to deliver
the bricks to the participants using a dispenser (as opposed to an
experimenter counting and providing the bricks) in order to reduce
a possible bias of this condition being perceived as more social,
i.e. with increased involvement of the experimenter. This was a
particular risk as many users desire social personal informatics
experiences [14].

Free-form physicalisation (FREE-FORM). Conversely, in the FREE-
FORM DATA PHYSICALISATION condition, participants were asked
to build a data visualisation of their blood pressure measurement
using LEGO® bricks in four colours. Eighty bricks, 20 per colour,
were placed in a box in front of the participants. In contrast to
INSTRUCTED DATA PHYSICALISATION, we provided no suggestions
on the data representation nor the amount of bricks to be used.
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Figure 2: The interface of the Withings Health Mate smart-
phone application. Participants in the BASELINE condition
explored their blood pressure measurement data using this
interface. The application enables users to get an overview
of their data on different time scales (i.e. day, week, month,
year). By default, the app shows a weekly average (left), or as
a single measurement (right). In our study participants per-
formed a single measurement, and thus, the weekly overview
also only showed one value (if accessed). Participants inter-
acted primarily with the single measurement view (right).

3.3 Measures

In each condition we measured reflection, user engagement and
the engagement time.

Reflection. We used the Technology-Supported Reflection Inven-
tory (TSRI [5]) to compare the level of reflection induced between
the three conditions. The TSRI offers overall reflection scores and
three subscales which may identify the sources of reflection: in-
sight, exploration and comparison. As suggested by Bentvelzen et
al. [5], we measured trait reflection with the Self-Reflection and
Insight (SRIS) scale [18] before using the TSRI to control for per-
sonality differences among participants. Past research implies that
data physicalisation may have led to increased reflection [53].

User Engagement. Next to reflection, we measured engagement,
using the short version of the User Engagement Scale (UES-SF) [39].
Considering that facilitated reflection [6] often requires encourage-
ment [3, 16, 50] and therefore active involvement from the user, we
wanted to evaluate if a user’s perceived engagement differed be-
tween the three conditions. The UES-SF offers overall user engage-
ment scores and four subscales: Focused Attention (FA), Perceived
Usability (PU), Aesthetic Appeal (AE), and Reward factor, (RW).
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Engagement time. Finally, we measured how long participants
engaged with their blood pressure data (in seconds). Previous work
by Baumer [4] noted that slowness can offer space for reflection [4],
and time is considered to be a condition for reflection [16]. As such,
the engagement time could possibly carry more information about
the nature of the interaction and reflection in the study, which is
why we decided to use this as a measure.

3.4 Apparatus

To conduct the study, we used: (1) a consumer-grade blood pressure
measurement device, (2) a dispenser that would automatically pro-
vide the number of bricks needed to represent the blood pressure
measurement and, (3) LEGO® bricks and base plate.

3.4.1 Withings BPM Connect. To measure the participant’s blood
pressure during the study, we used the Withings BPM Connect!,
which is an upper-arm monitor integrated in a cuff that inflates
automatically with a press of a button. This type of monitor is easier
to use compared to monitors that require the user to pump a bladder
to inflate them manually, and therefore ensures that a participant
can instantly use it without receiving extensive instructions. The
device represents the current standard in consumer-grade blood
pressure measurement [54]. Furthermore, this particular device is
not intended to be used as a medical device in the doctor’s office, but
instead enables users to track their blood pressure measurements at
home. As such, it is designed to be part of one’s personal informatics
device ecology, making it suitable for this study. Finally, this monitor
is accompanied by a smartphone application that shows the systolic
and diastolic measurements as a numeric value, and visualizes the
measurement as a line graph.

3.4.2  Brick Dispenser. For the INSTRUCTIONAL condition we de-
signed a LEGO® bricks dispenser. 3D models of the construction
with the casing and trays were designed in Fusion 360 and then
printed from PLA material on the Raise3D E2 printer. The main
structure of the system consists of four segments (as shown in
Figure 4): a chimney that can contain up to 20 bricks with slots
for two servomotors; a cover to protect the motors; a base with
rails for dispensers with a cover; and an elevation with trays for
bricks. One dispenser was required for each color. For each single
dispenser, there are two servos in the upper and lower position in
the micro size (Redox S90). The servo located above is responsible
for holding the entire column of elements in a chimney in place,
leaving only one free brick under the horn. The last brick placed
on the horn of the lower servo, acting as a trapdoor. When the
bricks are delivered, the following algorithm is executed: holding
the column, releasing the trapdoor with only one brick, closing the
trapdoor, and releasing the column. Due to the necessity to hold
up to 20 elements, we designed a dedicated wide horn to increase
the surface that holds the column and allow it to be pressed down,
and a flat side surface to ensure the reliability of releasing a single
element.

The system operation is coordinated by an Arduino Uno Rev3
microcontroller, while the position of the servos is controlled by
the Mini Maestro USB 18-channel servo driver connected via I2C to

Uhttps://www.withings.com/eu/en/bpm-connect
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Figure 3: Three conditions used in our study show the BASELINE condition in which a participant is interacting with their
personal data using a mobile application (left), a participant building a data physicalisation guided by pre-counted bricks and
instructions in the INSTRUCTIONAL condition (middle), and a participant building a data physicalisation without instructions in

the FREE-FORM condition (right).

Arduino. The results of the Withings BPM Connect were manually
copied into the dispenser software by the experimenter.

3.4.3 LEGO® Bricks and Base Plate. We used LEGO® interlocking
bricks as a tangible representation of the participant’s blood pres-
sure data. During the study we used 2x2 bricks in four colours: dark
blue, blue, dark pink, and bright pink. This colour scheme ensures
that the bricks are also distinguishable for users with Deuteranopia
(red-green color blindness). We used a customised white LEGO®
base plate, shaped into a square with side size of approx. 15cm.
In total we had 80 bricks available; 20 per colour. The reason for
having 20 bricks is two-fold: first, it made it possible to represent
almost all blood pressure measurements with 1 brick representing
a value of 10mmHg (e.g. a blood pressure of 120/80 would then for
instance be represented with 12 bricks of one colour and 8 bricks of
another). Needing more than 20 bricks would mean that a partici-
pant would be in a hypertensive crisis, in which case the participant
would be in a medical emergency and should not have participated
in the study. Second, we restricted the number of bricks to 80 to
control engagement time and avoid overwhelming the participants.
The bricks were provided by either the dispenser, or in a wooden
tray with four containers, one for each colour.

chimney

higher servo

lower servo

<— elevation with trays ————

Figure 4: The individual components of the brick dispensers.

3.4.4 Tablets. We used a Samsung Galaxy Tab S6 tablet to display
the survey that we built using the Qualtrics XM platform. This
survey helped us to structure the session, and consisted of two
consent forms, a video that introduced the blood pressure monitor,
the demographics, and finally, the SRIS, TSRI and UES-SF scales.
In the BASELINE condition we used an additional tablet (an iPad
(2019)) to show the blood pressure measurement. The video and
survey are available in the supplementary material.

3.4.5 Information sheet. We handed participants an information
sheet consisting of a classification table with the values associated
to optimal, normal, high normal and grade 1-3 hypertension blood
pressure. Next to this classification table, the information sheet
described high and low blood pressure. The information sheet was
a print-out of the information offered in the Withings Health Mate
application. By giving the sheet to all participants we ensured that
the received information regarding blood pressure was the same in
all three conditions. The sheet also included reference values which
facilitated the interpretation of blood pressure values. Next to this,
all participants received a sheet of paper and a pen to make notes
about their data during the study.

3.5 Procedure

We randomly assigned participants to one of the three conditions.
After introducing the purpose of the study, we asked participants
to sign two consent forms, one for collecting data and recording the
session, and one in which we made the participant aware that the
study was not a medical examination, nor were we using a medical
device. We then introduced the blood pressure monitor by showing
a 30-second video that introduced the device and demonstrated how
to take a measurement. After the participants watched the video,
we helped them to attach the cuff of the blood pressure monitor
and asked them to start the measurement by pressing the button.
During the synchronisation of the monitor and the supporting app,
we asked the participants to answer questions about demographic
data, and to complete the SRIS scale. When the participant was
finished, the interaction with their data started, which differed per
condition.

Digital visualisation (BASELINE). In the BASELINE condition, we
then gave participants an iPad tablet with the Withings Health
Mate application opened, which showed participants their blood
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pressure measurement. We asked participants to review their data
using the application.

Instructive physicalisation (INSTRUCTIVE). In the INSTRUCTIVE
condition, we introduced the brick dispenser and explained that
the dispenser would pre-count the number of bricks needed for the
four colours (which represented the systolic and diastolic values
for the optimal value and the actual measurement, based on the
measurement and participant demographic information). In addi-
tion, we explained that each brick represented a value of 10mmHg.
We then asked participants to build a tower for each colour on the
base plate, and started the dispensers.

Free-form physicalisation (FREE-FORM). In the FREE-FORM con-
dition, we gave participants an A6-sized piece of paper with the
systolic and diastolic values of both the optimal value, and their
blood pressure measurement. We then explained that the task was
to build a data visualisation of their blood pressure measurement
on the base plate using the bricks in the wooden tray. We informed
participants that there were 20 bricks available for each color and
gave the tip that it might be easy to use a value of 10 for each brick,
but that they were free to choose their preferred data representation.
We then asked participants to build their visualisation.

Participants were instructed to use as much time as needed to un-
derstand their data. After finishing either viewing their data in the
application, or building the data physicalisation, we asked partici-
pants to complete the remainder of the survey, which consisted of
the TSRI and UES-SF scales. Next, we conducted a semi-structured
interview, consisting of three questions: (1) what insights did this
blood pressure measurement offer you?, (2) what did you learn about
your blood pressure data?, and (3) did the measurement lead to any
self-reflective thoughts?. Finally, we debriefed the participants and
remunerated them for their participation.

4 RESULTS

Here, we first present our quantitative results. We then provide a
detailed description of our qualitative findings based on the exit
interviews and the analysis of the brick structures. The results are
illustrated with excerpts from the interviews.

4.1 Quantitative results

We used analysis of variance (ANOVA) procedures to analyse the
data collected in the survey. The full data set is available in the
auxiliary material, along with the analysis. We checked normality
assumptions for each test before performing the analysis. All p
values reported were corrected with the Bonferroni-Holm method
where appropriate.

4.1.1  Reflection. The grand mean of TSRI scores was M = 28.37,
SD = 5.11. We conducted a one-way ANCOVA to determine the
effect of the different modes of interacting with personal data on the
TSRI score, controlling for trait reflection. There was no significant
effect for the full scale F56 = 0.87, p = .43. Additionally, we
conducted the analysis for all the subscales of the TSRI, as shown
in Table 1. Below, we report on the TSRI subscale for which we
found a significant effect of condition, i.e. comparison.
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Comparison. The grand mean of TSRI-Comparison was M =
10.15, SD = 2.44. As shown in Figure 5, the highest Compari-
son scores were recorded for the INSTRUCTED (M = 36.08, SD =
4.27) condition. The one-way ANCOVA showed a significant effect
F56 = 4.56, p < .05. The covariate was not significant. Post-hoc
tests using Tukey HSD showed that there were significant differ-
ences between the pair INSTRUCTED-BASELINE at p < .05, and
between the pair INSTRUCTED-FREE-FORM at p < .05.

4.1.2  User Engagement. The grand mean of UES-SF scores was
M = 45.45, SD = 6.27. We conducted a one-way ANOVA to deter-
mine the effect of the different modes of interacting with personal
data on the UES-SF score. There was no significant effect for the full
scale Fo 57 = 0.21, p = .81. Additionally, we conducted the analysis
for all subscales of the UES-SF. Below, we report on the UES-SF sub-
scales for which we found a significant effect of condition: focused
attention (FA), and perceived usability (PU).

Focused Attention (FA). The grand mean of FA was M = 9.45,
SD = 2.47. As shown in Figure 6, the highest FA scores were
recorded for the FREE-FORM (M = 10.40, SD = 1.57) condition, fol-
lowed by the INSTRUCTED (M = 9.90, SD = 2.65) condition. The one-
way ANOVA showed a significant effect of condition Fz 57 = 5.87,
p < .01. Post-hoc tests using Tukey HSD showed that there were
significant differences between the pair FREE-FORM—-BASELINE at
p < .01, and between the pair INSTRUCTED-BASELINE at p < .05.

Perceived Usability (PU). The grand mean of PU was M = 12.55,
SD = 2.35. As shown in Figure 6, the highest PU scores were
recorded for the BASELINE (M = 13.40, SD = 2.30) condition,
followed by the INSTRUCTED (M = 12.65, SD = 1.60) condition.
The one-way ANOVA showed a significant effect of condition
Fp57 = 3.19, p < .05. Post-hoc tests using Tukey HSD showed
that there was significant difference between the pair BASELINE—
FREE-FORM at p < .05.

4.1.3 Engagement time. The grand mean of the engagement time
(measured in seconds) was M = 314.38, SD = 208.34. A one-way
ANOVA showed a significant effect of condition Fy 57 = 4.56, p <
.05. Post-hoc tests using Tukey HSD showed a significant difference
between the pair BASELINE-FREE-FORM at p < .05.

4.2 Qualitative results

We analysed two sets of qualitative data obtained in the study.
First, we report on the results of exit interviews conducted with
participants. Then, we discuss the brick structures built during the
study, obtained from photos and videos.

4.2.1 Exit Interviews. Interview data was transcribed verbatim for
analysis, based on a total of 307 minutes of recording. We adopted
the pragmatic approach to qualitative analysis as proposed by Bland-
ford et al. [8]. Two coders open-coded the data set using the Atlas.ti
software package. We then held iterative discussion sessions to
merge codes and subsequently constructed three themes which de-
scribed the users’ experience of exploring their blood pressure data:
(i) understanding a complex metric, (ii) facilitating reflection, and
(iii) construction process. In the following, we report our findings
and illustrate them with excerpts from the transcripts, annotated


https://Atlas.ti

CHI 23, April 23-28, 2023, Hamburg, Germany Marit Bentvelzen, Julia Dominiak, Jasmin Niess, Frederique Henraat, and Pawet W. Wozniak

Table 1: The mean value and standard deviation for the TSRI, UES and the engagement time (measured in seconds). In addition,
the results from the respective ANOVAs (ANCOVAs for the TSRI and its subscales) are presented. 1 and } show significantly
different pairs, calculated using Tukey HSD.

Total Baseline Instructed Free-form ANOVA
M SD M SD M SD M SD
TSRI 28.37 5.11 28.10 5.11 29.55 4.75 27.45 5.47 Fy56 =0.87,p = .43
TSRI-Insight 6.77 2.43 6.55 2.31 6.40 2.33 7.35 2,66 Fys6=0.87,p=.43
TSRI-EXploration 11.45 1.97 11.90 1.94 11.75 1.83 10.70 2.00 Fps6=227,p=.11
TSRI-Comparison 10.15 2.44 9.65f 2.48  11.407% 1.85 9.40%  2.54 Fys6=4.56,p < .05
UES 45.45 6.27 44.70 6.28 45.75 6.71 45.90 6.04 Fp57=0.21,p=.81
UES-FA 9.45 2.47 8.057% 2.48 9.90t  2.65 10.40f 1.57 Fys;=5.87,p < .01
UES-PU 12.55 2.35 13.407 2.30 12.65 1.60 11.607F 2.74 Fy57=3.19,p < .05
UES-AE 11.92 2.20 11.85 2.46 11.90 2.13 12.00 213 Fp57=10.02,p=.98
UES-RW 11.53 1.97 11.40 1.79 11.30 2.32 11.90 1.80 Fps57 =0.52, p = .60

Engagement time (s) 314.38 208.34 233.407 110.59 292.30 104.11 417.45F 305.16 Fps57 = 4.56, p < .05
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with participant numbers and the condition in which the participant
conducted the task.

Understanding a complex metric. Many participants in the BASE-
LINE condition found it challenging to grasp the meaning of their
blood pressure measurement. Some expected a single value for the
metric, and mentioned the complexity of understanding the no-
tion of systolic and diastolic blood pressure. This resulted in the
participants often expressing an explicit need for the application
to provide additional information for interpreting the numbers,
beyond stating the desired values. One participant reflected on how
the measurement did not match their expectations:

I miss some sort of frame of reference, because I've never
really thought about blood pressure before. I would need
to understand a bit more how blood pressure works be-
foreIcan grasp the meaning of these numbers. I see these
two, systolic and diastolic, values here; and I imagined
that there would be just one value for blood pressure and
that I could either be above or below it. (P10, BASELINE)

Further, participants mentioned that, while they did understand
the values and the result of their measurement, they were won-
dering how their systolic and diastolic values could be related to
their body awareness and health. Participants actively tried to tell a
story which could help them to explain their measurements. They
would connect their lifestyle choices and health status to the values
provided by the blood pressure meter. P9, prompted by the measure-
ment, listed choices which may result in increased blood pressure
and reflected on the ways to improve health:

I don’t have an immediate idea what affects my blood
pressure. But I assume that lack of sleep is not very
optimal, drinking alcohol is not very optimal, maybe
exercising a little more. Yes, in terms of insight; maybe
I should start living a little healthier, to get my blood
pressure down. (P9, BASELINE)

Participants also discussed the circumstances of the measure-
ment. As many were not familiar with a blood pressure measure-
ment device, they wondered about the role of the act of measuring
pressure on the measurement obtained. This also prompted tem-
poral reflections, discussing when during a day a blood pressure
measurement should be taken. One participant discussed the con-
textual factors which, according to him, would affect blood pressure
at a given time and indicated that they would like the blood pressure
monitor to include these factors:

I'would like to now understand how the circumstances of
taking the blood pressure measurement affects the result.
It would really help me if the device would also know
about the environment; like how my day was until now,
what is the time of day, have I been working before, did
I just wake up, all these kinds of things. I would think
these things would play a role. (P16, BASELINE)

Overall, our results show that participants recognised blood pres-
sure as important for assessing one’s health. Yet, they also sought
more information about blood pressure with the goal of contex-
tualising the measurement within their perception of a healthy
lifestyle.
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Facilitating reflection. Across all conditions, being confronted
with a current blood pressure measurement was an opportunity for
the participants to dedicate time to thinking about their health data.
Participants appreciated that the tasks explicitly required them to
focus on their bodies in a dedicated interactive experience. P42
commented on how the need to construct the data representations
necessitated focus and calmness:

During this work [building with the bricks] I can stop
and try to think about my measurements[... ] the biggest
advantage of the system is finding the time, stop and
slow down to look at the measurement (P42, INSTRUC-
TIONAL)

Building data representations from bricks facilitated comparison
and implicitly required interpretation of data while the represen-
tation was constructed. Participants found that the physical repre-
sentation of data highlighted differences and offered an engaging
analysis process. One participant reflected on how the visual and
haptic experience of the bricks contributed to noticing differences
between data points:

Yeah, I actually really liked to build this, it made it
easy to compare the values. Especially in comparison
to regular graphs or just a sheet with quantities. This
makes it much more fun and maybe it also helps in
making a lifestyle decision. Because you can clearly
see and feel [with the bricks] that the measurement is
higher than the optimum. (P48, INSTRUCTIONAL)

Using bricks to represent blood pressure was appreciated by
participants who preferred not to perform operations with num-
bers. Participants could rapidly assess their measurements with
reference to desired values. P60 commented on how the bricks were
glanceable and offered a better perception of the relations between
values:

Usually these [measurements] are [represented with]
numbers. And I always immediately forget what the
values were. And with this, especially because I put it in
such a way [points to bricks], it gave me quite a good
insight of ‘ok, this is my measurement and this is the
optimal’. And this brings it into focus. So it’s easier to
understand [my blood pressure measurement] visually.
I can see the ratio [between the values] better. (P60,
INSTRUCTIONAL)

As the task (in the FREE FORM and INSTRUCTIONAL) required the
participants to conceptualise a representation of their data, using
the bricks fostered an engaging experience. Participants appreci-
ated the possibility to directly manipulate data and the involvement
throughout building their data representation. P32 remarked that
she felt more conscious of their data while building the representa-
tion:

It is funny, being so physically involved with it [my
data], it does make me reflect on it a bit more con-
sciously. I was thinking more consciously while build-
ing, even though at the beginning I was thinking: Oh
help how am I going to do this?’. (P32, FREE FORM)

We observed that using bricks necessitated reflection in partici-
pants who undertook the task of building a representation of their
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blood pressure data which reflected their interpretation of the blood
pressure values provided by the Withings BPM. On the other hand,
participants who chose to build an abstract representation rarely
spoke of engagement during the task. Some participants found the
task in the FREE FORM condition too complex:

So I can build anything I want? [Silence.] (P39, FREE
FORM)

This particular participant was waiting, reading, doubting, read-
ing again for more than 8 minutes before starting to build something
with the bricks. In total it took this participant 22 minutes and 27
seconds to finish the task, while the average engagement time for
the other participants in this condition was 6 minutes and 8 seconds.

Construction process. Here, we describe the participants’ percep-
tion of the choices they made to build their brick representation.
Many participants in the FREE FORM condition commented that
they had to make a number of design choices before building their
data representation. These choices included both the visual design
of their data representation as well as how unit bricks would relate
(or not) to the numerical measurements provided by the Withings
BPM. P36 provided examples of the questions to be answered when
building a data representation:

I think during the build I was mainly concerned with,
which dimensions am I going to use? Am I going to
make it [my visualisation] flat, or in height, how am I
going to visualize units of say 5? (P36, FREE FORM)

For some participants, the need to decide on a principle to be
used to relate bricks to numerical values was a challenging task.
This resulted in focusing solely on the visualisation task and drew
attention away from possibilities for reflection. Participants felt
disconnected from their data, focusing on the representation:

I think I rather thought about how to represent numbers
with bricks, instead of relating those numbers to my
blood pressure. It disconnected me [...] I didn’t really
interpret, I just tried to visualize [my data]. So, I think
it disconnected me from the meaning behind the two
numbers. (P40, FREE-FORM)

In contrast, in the INSTRUCTIONAL condition, where we provided
a suggestion on how to build a data representation for blood pres-
sure, users focused on the relative differences between the four
numbers to be represented. This often took the form of highlight-
ing differences with a dedicated brick colour or purposely locating
brick towers next to each other. Understanding differences was
seen as key to data interpretation:

This is a much clearer way to compare my measure-
ment, it is easier to grasp. I also think building this will
make it easier to remember in the future. I can imagine
that I still remember oh yes it was all fine. I will not
remember the numeric value of the optimal and my
personal measurement. Now I just think oh yeah the
bricks are the same height, so that’s good. I'm not really
concerned with precise numbers anymore. It gets a little
bit more relative. (P50, INSTRUCTIONAL)
The participants adopted a variety of strategies to represent their
blood pressure data, depending on how well they felt they could
understand the data and what aspects of the results provided by
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Withings BPM were important to them. This resulted in a number
of different physicalisation designs. Next, we study the different
final physicalisations built by the participants.

4.2.2  Final builds and assembly. We took pictures of all the data
physicalisations built in the FREE FORM and INSTRUCTIONAL condi-
tions. Further, we recorded the process of constructing each phys-
icalisation on video (total length: 314 minutes). Two researchers
then open-coded the pictures and videos, focusing on the type of
data representation deemed to be the final artefact as well as the
process of constructing the data representations. We then built
classes of data representations and labels for the ways in which
the users assembled the representation in an integrative discussion,
merging and grouping codes.

Final data representations. Participants created a variety of data
representations, as illustrated in Figure 8. In the INSTRUCTIONAL
condition participants were instructed to build four towers, e.g. a
tower for each colour, yet, the types of tower representations were
diverse. Most participants created linear (uniform) towers, either in
a row, in a square, or in parallel pairs of towers (i.e. a pair for the
systolic values and vice versa). Seven participants created what we
called ‘non-linear towers’, in which colours were combined, bricks
staggered or both. The FREE-FORM condition resulted in a variety
of other data representations. Two participants created a spatial
design based on their measurement and the optimal values; one
in a 2D version, the other in a 3D representation. One participant
created a scatterplot of the bright pink and dark pink bricks. This
participant was not using the numeric values of her measurement or
the optimal blood pressure values, but instead built a metaphorical
representation of what she imagined her blood looked in her veins:

When I think of blood pressure, I think about a blood
vessel. And in this blood vessel there are white blood
cells [points to the bright pink bricks], and uh, yeah I
think it must get really crowded in my blood vessel as
my blood pressure goes up. And a little less crowded if
my blood pressure would be a little lower. (P37, FREE
FORM)

Two other participants built walls of bricks, while one partici-
pant created an unattached build, where the bricks were loosely
stacked on top of each other, in combination with two small stacks
(consisting of 4 blue and 6 bright pink bricks) that were placed
perpendicularly on top of the unattached bricks.

Assembly strategies. Participants used several strategies to as-
semble their data representations. In the INSTRUCTIONAL condition,
which made use of the dispenser to present the pre-counted bricks,
some participants decided to wait until the dispensers were fin-
ished, and counted the bricks it produced before starting. Others
started right away with building. During the analysis, we noticed
that participants either used a tower-by-tower or a brick-by-brick
strategy for assembling their representation. In the tower-by-tower
condition participants first finished building one complete tower
that represented one value of either their measurement or the norm,
before moving on to the next colour. In some of these cases a partic-
ipant first built the towers on the table before putting the towers on
the base plate. In the brick-by-brick strategy participants switched
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3D representation

Figure 8: The final data representations that participants created during the session. The pictures are representative examples of
participant creations coded under the respective codes in the FREE FORM and INSTRUCTIONAL CONDITIONS. Note that participants

were not instructed to build 2D or 3D at any time.

Figure 9: Participants used several strategies for assembling their data physicalisation. Several participants held groups of
bricks in their hand to weigh the amount of bricks (as shown on the left), others assembled one tower at a time and placed it on
the table before placing them on the baseplate (as shown on the right).

back and forth between the four different colours while construct-
ing their physicalisation. Many participants also held groups of
bricks in hand or compared two different groups of bricks in hand,
weighing the difference in two palms, as shown in Figure 9.

5 DISCUSSION

Here, we summarise the findings from our study and reflect on the
differences between the modes of interacting with personal data
representations to understand how they impact engagement and
reflection experience.

Our results show that physicalisation of data does not automati-
cally lead to higher levels of reflection. The full TSRI did not show
significant differences between the three conditions. However, one
of the subscales of the TSRI, i.e. comparison, did show a significant
difference; the INSTRUCTIONAL condition outperformed both the
BASELINE and the FREE-FORM condition. During the interviews, par-
ticipants in the INSTRUCTIONAL condition mentioned that it was
easier to grasp the relative difference between their measurement
and the norm when compared to numeric values, cf. facilitating
reflection. On the other hand, both the quantitative and qualita-
tive data show that this was not the case for participants in the
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FREE-FORM condition. Interestingly, without the dispensers and the
instructions participants did not perceive any support from the
bricks for comparing their data. Our data shows that participants in
the FREE-FORM condition struggled with the cognitively challenging
task of mapping the values to bricks and constructing these in such
a way that enabled comparison. This struggle was also reflected by
their engagement time, spending much more time on the task than
those in the other two conditions.

Furthermore, there was also no significant difference in per-
ceived user engagement between conditions. There was however
a significant difference between the BASELINE condition and the
conditions in which participants interacted with bricks for focused
attention, a subscale of the UES-SF. The bricks allowed participants
to slow down and take the time to engage with their data, and
therefore facilitated focused attention. In contrast, there was a sig-
nificant difference in perceived usability. Participants considered
the BASELINE to be significantly more usable when compared to the
FREE-FORM condition. This might have been caused by familiarity
bias, as participants were much more used to interacting with a
smartphone app than a physicalisation. Yet, the significant differ-
ence in engagement time could also form an explanation, as the
time it took participants to construct a physicalisation possibly
influenced their perception of the usability of the interaction mode.

5.1 Designing instructive physicalisation
experiences

Our results indicate that designing physicalisation for personal
data reflection involves balancing between offering freedom on
the one hand and providing structure and guidance on the other.
We note that the need for balancing structure and freedom is sim-
ilar to the design dilemmas involved in creating technologies for
learning, particularly tangible tabletops [11]. The data represen-
tations created by the participants, assembled on a table, benefit
from ‘socio-constructivist flavour’ inherent in table-based and tan-
gible interfaces [11, 47]. Constructing a data physicalisation is a
cognitively challenging endeavour [25] and only certain forms of
a physicalisation allow for effective comparison. The towers that
participants built in the INSTRUCTIONAL condition allowed for a
visually straightforward way of comparing the four values. Sev-
eral participants specifically mentioned that the height difference
between towers enabled them to easily compare their measure-
ment to the norm, see FACILITATING REFLECTION. In contrast to
this, the participants who created a scatterplot or spatial designs as
their final data representation (see Figure 8) struggled to compare
their measurement to the norm in their creations. As such, the IN-
STRUCTIONAL condition can be beneficial, as it allows participants
to efficiently build a data physicalisation without having to con-
sider the number of bricks needed or having to envision the way in
which they can construct their data representation. This however,
comes at a cost of expressive freedom, which was also recognized
by Thudt et al. [53]. It remains an open question how we can design
for an instructive physicalisation experience that offers guidance
while also allowing for expressive freedom. Our work shows that
there is a spectrum of the level of user control in physicalisation
for personal informatics. Consequently, future personal informatics
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systems that use physicalisation should use the degree of control over
building the physicalisation as a key design choice.

Our qualitative inquiry shows that users were often focused
on understanding a complex metric. Thus, the complexity that was
studied here was relating the physicalisation to a real-life metric.
This is in contrast with studies which investigate how users make
sense of complex physical models [42]. While past work in data
physicalisation explored models much more complex than the ones
in our study, our participants reported thinking intensively despite
the low complexity of the data (only four data points featured in
our study, which is low compared to the majority of works on
physicalisation [43]). This suggests that, in a personal informatics
context, the understanding of the concepts underlying the data, and
not the numeric complexity of the data per se, is key to how the
physicalisation is constructed. Similarly to Thudt et al’s [53], we
also observed that the physicalisation was perceived as a personal
representation of self (see facilitating reflection). This implies that
future designers of data physicalisations for personal informatics
will face challenges similar to digital representations, such as the
threat of negatively affecting users [37].

5.2 Physicalisation as part of a PI ecology

As opposed to regular data visualisations in mobile applications,
constructive data physicalisations require time to obtain even an
initial overview of the data. Constructing a physicalisation requires
the user to invest time and actively engage with their data. This im-
plies that it may be less suited for everyday use. One of the strengths
of personal informatics systems such as fitness trackers is that they
automate the tracking of metrics that were previously hidden to a
user [32] (e.g. heart rate variability). Manually reconstructing all
data in a tangible form would be time-wise impossible and defy the
purpose of personal informatics systems, which was also reflected
in the lower perceived usability scores for the FREE-FORM condition.
At the same time, our study indicates that constructive data physi-
calisation can benefit the comparison of data and offer users more
focused attention on their personal data. Thus, data physicalisation
can be a useful tool in the personal informatics ecology, where it
should not be seen as a replacement for existing systems, but an
addition. In our CONSTRUCTION PROCESS we saw how the act of
building a physicalisation prompted users to ask questions about
the nature of the data. This implies that physicalisations can be
useful in personal informatics processes when a user desires to get
a new viewpoint on their data, requiring a dedicated moment for
reflection. Past research by Epstein et al. [13] showed that users
periodically revise their choice of metrics and tracking practices to
assure continued reflection. Our results suggest that physicalisation
may facilitate aligning tracking practices with desired outcomes of
personal informatics. On the other hand, the fact that an instruc-
tional physicalisation for PI does require extra engagement time
implies that it will be less useful for users without an established
personal tracking routine.

5.3 Ways forward

Based on our results, we highlight possible ways forward for using
data physicalisation in a personal informatics context. First, the
study looked at the process of data physicalisation in a controlled
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environment, with a single metric. A challenge for data physicalisa-
tion in the real world is that users of personal informatics systems
will track a wider variety of metrics that they try to understand
and reflect upon. The challenge for HCI is to guide this process
in a way that avoids distraction by the possibilities of designing
physicalisations. There is a need for developing adaptive guidance
of such experiences, especially considering the challenges of de-
signing for facilitated reflection [6]. The Mediated Reflection Model
(TMRM) highlights two specific challenges of personal informatics
systems, i.e., preventing conceptual and temporal mismatches. Data
physicalisation offers users the freedom to choose a granularity
level (temporal cycle, cf. [6]) of data that is relevant to them (con-
ceptual cycle), yet without guidance about the mapping of data to
a tangible form. Thus, identifying a fitting visualisation can form
an obstacle to reflection. This issue can be mitigated by designing
instructional experiences of data physicalisation in P

Second, our work shows that participants appreciated that the
interaction with the bricks allowed them to slow down and dedicate
time to the activity. We hypothesise that constructing their personal
data allowed them to mindfully reflect. As previously mentioned by
Rapp and Tirassa [40], personal informatics systems can have a util-
itarian perspective on personal data and self-knowledge, in which
the focus on self-reflection is meant more as a means of goal pursuit
rather than as an end in itself. Our results indicate that the physi-
cal interaction with one’s data can create a mindful moment that
helps people self-regulate their attention [55], enabling a focused
reflective interaction with their data, which is in line with previous
studies on the use of bullet journals for self-tracking [2, 51]. Data
physicalisation offers a possibility to explore personal informatics
systems that see self-reflection less as a performance-driven means
to an end, but, instead, a way to foster reflection as an activity in
itself.

Further, we note that this experiment was designed to ignore
social aspects in understanding one’s tracking experience. We asked
participants to use their thinking and the system to understand their
blood pressure data. While the design of our experiment stemmed
from the need for a focused, systematic study, future work should
investigate the intersection of personal informatics and data phys-
icalisation in a social context. Our work shows that the bricks
facilitated comparison even in a socially isolated setting. Social
comparison is a recognised means for some users to build mean-
ingful personal informatics experiences [14, 38]. Thus, our results
show that there most likely is an exciting design space for social
personal informatics data exploration using physicalisations, which
goes beyond situated artefacts, e.g. [45]. This, in turn, results in
a key challenge for theory development in HCI to reconcile the
insights from models of personal informatics [14], understanding
reflection in PI [6] and concepts in physicalisation [43]. Our study
provides a starting point for a broader inquiry in this direction by
showing that effective comparison and instruction are key design
elements for PI experiences with physicalisations.

Finally, a consequence of using either data physicalisations with
bricks, or self-tracking in bullet journals, is that the data becomes
analogue. While this physical aspect of manually moving bricks or
drawing in a bullet journal benefits reflection, it complicates the
use of such tools in a personal informatics ecology as it creates
two separate data streams. There is a need to combine manual and
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digital self-tracking in order for data physicalisation to become a
useful tool in a complex PI experience, which was also recognized
by Abtahi et al. [1]. In the case of interaction with bricks, tracking
and digitally preserving personal brick-based data representations
is a promising avenue for future research.

5.4 Limitations and Future work

We recognise that our study is subject to certain limitations. First,
we remark that our choice of using blood pressure data as the
subject for reflection in the study has its limitations. This metric was
used in all three conditions and was therefore consistent, yet blood
pressure is a complex concept and several participants mentioned
that the metric was quite abstract to them. We chose this metric
because it is less prevalent in commercial personal informatics
systems when compared to other metrics such as steps, heart rate
or stress levels. None of our participants used a blood pressure
monitor at home, preventing the possibility that participants would
be reflecting on the same data twice. While there are benefits to
using the same metric for all participants (in our study, this allowed
for comparisons between participant groups), it could mean that
not all participants had a conceptual match [6] with this metric.
This type of data may be less interesting to some participants than
others, which could prevent facilitated reflection. On the other hand,
having participants choose a metric themselves would limit our
ability to compare between conditions. Consequently, future studies
should investigate if the use of less abstract metrics, as well as self-
selected data, affects the perceived engagement and reflection of
participants. We also note that we chose a specific (commercial)
baseline for the experiment and we compared it to two artefacts
designed specifically for this study. Studies of this nature can be
biased by the design qualities of the artefacts under study [49]. For
example, we could have used different colours, which may have
offered more contrast but render the representation inaccessible for
colour-blind participants. An alternative approach would also be
to focus on representations more related to the visualisation used
by Withings. In our work, we reduced the complexity of the data
and its representations to reduce these biases as much as possible.

Moreover, it remains a question if the use of data physicalisations
could also benefit users over a longer period of time. In our study
participants used a snapshot of data, and on average engaged with
bricks for a little under 6 minutes. We do not know if longer use,
or building data physicalisations more often, could support self-
reflection or conversely become repetitive. Third, another limitation
could be the role of preexisting knowledge. There were participants
that were more familiar with the meaning of blood pressure. Some
had less knowledge about the meaning of the concept and were
trying to come to a deeper understanding of the difference between
their systolic and diastolic values. We did not offer participants any
additional explanation for their physiological data as this would be
considered medical advice, which would, in turn, render the study
ethically inadmissible. Here, we note that our user sample only
included participants who did not regularly measure their blood
pressure. Our insights are likely limited to users reflecting on blood
pressure as discovery and future studies should investigate the
potential benefits of physicalisation in long-term health monitoring.
In such cases, legacy bias is likely to play a stronger role.
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6 CONCLUSION

In this paper, we reported on a study of three ways to explore per-
sonal wellbeing data. In a user study, participants engaged with
one of three representations of their measured blood pressure data:
a standard mobile app, an instructional brick building experience,
and building a free-form physicalisation from bricks. We found
that the instructional experience facilitated comparison effectively.
Further, using bricks required more focused attention from the
participants. Our study shows that the degree of control in building
a physicalisation is a key design dimension for designing phys-
icalisations for personal informatics. We show the potential for
instructional physicalisation experiences to offer dedicated mo-
ments for reflection which can improve the personal informatics
experience. We hope that our work broadens the scope of inquiry
within data representation for personal informatics and inspires
future studies into engaging users in personal data journeys with
tangible representations.
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