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ABSTRACT

A growing body of work focuses on physicalisations based on per-
sonal, everyday data. Despite growing interest, little is known about
how to educate people on their creation. We designed a teaching
method of "Data Diaries’, which consists of five representation as-
signments that move from visualising to physicalising personal
data. The Data Diaries were used in a semester project, with the
aim of creating an interactive physicalisation. We analysed the Data
Diaries, written reports, and participant interviews. Our analysis
shows that people need to overcome the challenge of using materi-
ality to communicate data, which happens in four stages. Moreover,
the materiality made participants realise that physicalisations do
not focus on efficiency and accuracy, but on the story of the data, by
referring to its origin, use of personal mappings, and reduction. As
physicalisations blur the line between quantitative and qualitative,
designing them engenders a change in our notion of 'data’.
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1 INTRODUCTION

An increasing body of work concerns itself with the physicalisation
of personal data, e.g. [3, 10, 31]. Here, data is encoded through the
material and geometric properties of physical artefacts [28]. Such
physicalisations have been shown to let the user “feel their data"
[39] and foster self-reflection [30, 57]. Moreover, they appear to
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trigger deeper connections to data (not just regarding personal
data, but data in general) than visualisations [23, 62] and seem to
be especially suited for representing personal, everyday data. One
of their biggest strengths is their material nature, which helps to
circumvent the imaginaries that data are immaterial, digital, and ob-
jective [10, 13, 24]. By mapping data to an artefact which is actually
graspable, the data are brought into our physical world, where sepa-
rating them from the representation is nearly impossible [46]. Their
physicality also helps to highlight the connectedness, situatedness,
and messiness of data [46, 47], evading the perpetuation of data as
something which is smooth and easily manipulable [17, 24]. Fur-
thermore, physicalisations can trigger emotional responses [22, 62],
enhance our engagement with data, and lower the cognitive load of
analysing data [28, 56]. Because of these advantages, data physicali-
sation has a lot of potential for representing personal, everyday life
data, which is inherently messy, connected, emotional, and complex
[10, 39].

However, data physicalisation brings new challenges with it as
well. As put by Offenhuber: “[it] brings data from the unambiguous
symbolic space into the real world, where data is a more complicated
affair” [47]: the context of the representation plays a role and many
aspects, such as the light fall on the object, are outside the designer’s
control. Moreover, one has to combine technical, material, and
artistic skills and knowledge to create good data physicalisations
[28]. This combination of competencies seems difficult to embody:
technical scholars mostly focus on creating dynamic data physi-
calisations based on standard visual representations (graphs), such
as EMERGE [56] and inFORM [15]. Although these communicate
data through a physical artefact, their aesthetics and interaction do
not take advantage of the 3D- and rich material nature of physicali-
sations, contrary to the physicalisations created by designers (e.g.
[11, 47, 55]) .

Therefore, our starting question was how to teach creators the
designerly skills to be able to explore physicalisation’s new repre-
sentation opportunities. In particular, how can we foster a mindset
which enables people to understand and take advantage of the rich-
ness that physicalisations allow for? We discuss our method called
‘Data Diaries’: a set of weekly data representation assignments
inspired by Lupi and Posavec’s book "Dear Data" [38]. The Data
Diaries moved from visualising personal, everyday data to physical-
ising it, as such making participants aware of the data surrounding
them, whilst challenging them to develop the needed skills, and to
expand their perspective of what data is. At the end of this semester
project, participants then created an interactive data physicalisation
of self-chosen personal data.
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Looking at participants’ work over these weeks, we noticed in-
teresting developments, which motivated a detailed analysis and
reflection. We analysed all submissions, identifying themes across
participants and Data Diaries, development over time, including
participants’ written reports. We further interviewed half the par-
ticipants to deepen our insights.

Our analysis reveals that in order to learn how to use materiality
to represent data, participants went through four learning stages.
In the first stage, participants feel overwhelmed by the idea of
representing data through a material artefact. In the second stage,
participants use their knowledge of visualisation for the creation
of physicalisations. However, as they realise this does not work,
they move to the third stage. Here they discover that everything
can be used to physicalise your data. In the fourth and final stage,
participants realise that there should be a symbiosis between data,
method of collection, and material, in order to tell the story to be
represented.

The main insight of our work is an understanding of our no-
tion of data and how this needs to be expanded in order to design
physicalisations. Through the Data Diaries, participants discovered
that physicalisations do not adhere to the rules of visualisation,
such as a focus on efficiency, accuracy, and neutrality [33]. Instead
of making data seem objective [33] and representing it efficiently,
physicalisations highlight the subjectivity of data, and represent
them in a way which makes the user relate and connect. Data phys-
icalisations were considered a human way of representing data,
and blurred the line between what we consider quantitative and
qualitative. As participants experienced the subjectivity of data
and explored its qualitative aspects, their initial notion of data as
an objective and neutral entity did not hold up anymore. There-
fore, participants had to change their notion of data, something
which was both demanded and facilitated by the creation of data
physicalisations.

The contribution of our work is two-fold: Firstly, we provide
insights into which elements can support the creation of physi-
calisation literacy. Secondly, we highlight that we need to expand
our notion of data in order to design data physicalisations. We also
show how the Data Diaries and physicalisation design trigger a
rethinking - indicating that this may be fruitful as a more general
approach for discussing *what data is’. With this, we contribute to
an emerging body of work which states that we need to reconsider
what data is and how we understand it.

2 RELATED WORK
2.1 Data Literacy and Data Physicalisation

Due to data’s increasing importance in society, the urgency to have
a certain level of data literacy has increased as well. Data literacy
includes "the abilities to select, clean, analyse, visualise, critique and
interpret data, as well as to communicate stories from data and to use
data as part of a design process” [66]. Akin to data literacy is the
concept of visualisation literacy, which entails the ability to create
and interpret visual data representations [5].

Previous work in Human Computer Interaction (HCI) (e.g. [2,
18, 63, 67]) has uncovered various approaches in developing data
and visualisation literacy. One approach used and suggested is
scaffolding, e.g. [7, 8, 34]. Here, students receive supports, which
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guide and assist them in carrying out tasks that are initially too
complex for them to independently complete [60]. The actual task
is divided into smaller challenges, which help students to develop
the needed knowledge and skills. Scaffolding has been used to help
students form hypotheses, collect data, and analyse it [37, 43, 50].
Scaffolding might also be used to teach students how to work with
the complexity and messiness of data [34].

Moreover, an emerging body of work focuses on the use of
personal data [19, 29, 54]. This approach is based on the idea that
people have a vast understanding of their own daily lives and
activities, which enables them to reflect on, reason, and discuss
patterns, correlations, and variations in their own data sets [36].

However, the traditional idea of data literacy does not suffice
for personal data and physicalisations. As explained by Lupton
[39], data literacy traditionally focuses on how people interpret
and evaluate the validity of data, and how well they can assess
and analyse digital data sets. However, for personal data, one has
to account for the user’s experience of generating that data as
well, and how their experience affects how they understand and
analyse their data. Similarly, data physicalisations demand new skill
sets from the creator. Besides having a basic level of data literacy,
physicalisation creators should have an understanding of design,
materials, and various technical skills, such as programming and
creating mechanisms [28].

As scaffolding works to teach students about complex problems
and it is even suggested to help students learn about data’s complex-
ity [34], we explore how a scaffolding approach can help students
acquire the designerly (and some technical) skills needed to create
physicalisations and to develop a level of physicalisation literacy,
in particular, understanding what is specific about the nature of
physicalisations.

2.2 Teaching Data Physicalisation

At the time of writing this paper, there is only very limited work
on how to teach people about the design of data physicalisations.
The examples to be found are a workshop, and methods designed
for workshops and user studies [21, 25, 57]. The aforementioned
workshop explored the pedagogy of physicalisation, including what
learning scenarios could benefit from using physicalisations and
different approaches to introduce physicalisation activities to dif-
ferent learning audiences [21]. Huron et al. designed a workshop
method which helps people to rapidly engage with and create sim-
ple physicalisations [25]. Key to this is a set of cards which provide
participants with a constrained design space for the design of a data
physicalisation. ‘Activity cards’ evoke an abstract purpose (such as
“stimulate”) for the physicalisation, ‘scenario cards’ set the scenario,
and ‘data cards’ provide a data set. This reduces the initial hurdle
of deciding on a data source, purpose, and environment for the
physicalisation. Lastly, Thudt et al. guided participants towards
creating a personal physicalisation in their domestic lives through
an introductory workshop where they learn the basics of working
with data and how to map it to visual variables [57]. Furthermore,
the website dataphys.org has an overview section of (mostly) non-
published teaching materials used for physicalisation courses [64].
These range from an assignment on “Personal Data Physicalization"
to literature.
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The above mentioned cases show there is a need for an under-
standing on how to teach physicalisation. Moreover, the examples
provide insights in how people can be guided and prepared for the
creation of physicalisations. However, what remains unexplored is
how to help learners develop the designerly and conceptual skills
needed, and how to make them aware of the different modalities,
such as haptics and sound, that can be utilised in physicalisations.
This is what our method of the Data Diaries aims to achieve.

2.3 Personal Data

Increasingly, we have become data subjects through our interac-
tions with the technologies that surround us [40]. Friendships,
bodies, habits, interests, and many more elements from our per-
sonal, daily lives are now being quantified: a process which can
be referred to as datafication [44]. Personal datafication happens
both consciously — for example the Quantified Self movement - or
unwittingly. In the case of the former, personal data are used to
optimise the user’s life and to improve self-knowledge [10, 40, 40].
By quantifying our everyday life, the data can be understood from
a birds-eye view: “from far away” [51]. This distance between our
lived experience and portrayed information results in the belief
that data is objective and neutral [51]. As such, we try to make our
lives objective.

However, quantification omits important elements of data. Whereas
quantification provides the illusion that data is placeless and uni-
versal, data is actually embedded in lively assemblages with other
data, objects, and people [14, 39, 40]. Furthermore, quantification
prevents emotional connection to the data [13], even though it is
known that our senses and emotions play an integral role in knowl-
edge retrieval and sense-making [16, 26]. Besides, an objectified
perspective tends to hide the decisions that underlie which data
is being collected and represented, and what ambiguities are hid-
den. To fully understand our data, we thus need to account for our
ongoing reflexivity, emotional connection, and entanglement with
data [9, 32].

Therefore, the Data Diaries used in our work focus on both the
quantitative and qualitative: guiding participants to explore a fuller
picture of their data. Moreover, we made the decision to not only
focus on elements which are already being datafied (such as step
count). Instead, we follow the following definition: “Personal data
are any piece of information that can identify or be identifiable to an
individual” [49].

3 PROCESS AND TEACHING APPROACH

The work presented here centres around the online student project
"Data Perspectives. Physical Representations of Everyday Data" given
at Bauhaus-Universitdit Weimar. The project was part of the uni-
versity’s project-based learning (PBL), where students explore a
practical or research project in a project group. The aim of our
project was to teach students about physicalisations and how to
design for it, using personal, everyday data. Participants started
the project with the five Data Diary assignments. These, together
with discussion of literature and participants’ work on their final
interactive physicalisation, were discussed during weekly (online)
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seminars. Since the pandemic required us to teach online and dis-
tancing rules were recommended, participants worked on smaller,
individual projects, instead of generating a shared larger outcome.

Eight participants (all students at the Bauhaus-Universitit Weimar,
of which one exchange student) took part in the project, after they
had selected it as their semester-project. Six had a Computer Sci-
ence background, the others were a Product Design and a Media
Art student, of whom the latter had been working as an artist for
nine years. Participants were aged between twenty and thirty-five
years and had various nationalities (four German, one Swedish, one
American, one Afghani, one Taiwanese). Five participants were in
their Bachelor studies and three in their Master’s.

Based on previous experience teaching PBL-projects on physical-
isation, we knew that students have difficulties deciding on a data
source and how to represent the data. To help students overcome
these obstacles, we created five introductory assignments, the Data
Diaries. These are a set of assignments, inspired by the didactic
notion of scaffolding and the book "Dear Data". Its two authors sent
each other weekly postcards for the duration of one year and docu-
ment these in the book [38]. The postcards contained creative and
artistic visualisations of personal data experienced, with weekly
changing topics. The aim of our Data Diaries was to familiarise
participants with creating data representations, introduce the dif-
ferent modalities of physicalisations (e.g. haptics and movements),
help them develop the skills needed to create a data physicalisation,
and sensitise them for the everyday data around them. This knowl-
edge was then combined in the final task, where participants were
asked to design an interactive physicalisation, which represents
data from their personal lives. These hands-on assignments were
guided by the seminars, where students presented their work, dis-
cussed physicalisation literature, e.g. [1, 27, 28, 30, 31, 45, 52, 55, 61],
and received electronics tutorials covering basic Arduino principles
and presentations given by the authors of this paper on design, de-
sign processes, data, and data physicalisation and representations.
An overview of the curriculum can be found in Appendix A.

In total, we developed five Data Diary assignments, each to be
conducted in a week. For each, participants received a challenge
regarding personal data, which they had to track for the duration
of a working week and represent. Participants then presented their
results to us and each other during the seminar, and received feed-
back. At first, these representations focused on visualising data, but
soon moved to the creation of physicalisations. The visualisations
were not allowed to be standard visualisations, such as pie and bar
charts. Instead, participants had to come up with their own creative
and artistic way of representing data, just as in "Dear Data". During
the physicalisation assignments, participants were challenged to
explore haptics and movement, with the intent to sensitise them
for the material nature of physicalisations and the possibility of
interactive physicalisations. Through the Data Diaries we wanted
to constrain participants’ decision space, yet offer them freedom
to make their own unique decisions in what and how to track the
data. Table 1 shows an overview of the Data Diaries.

The five Data Diaries alternate between more constrained and
open assignments. For the first week, we picked a data source which
is all around us and relatively easy to quantify. By asking partic-
ipants to track and visually represent the number of hellos and
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Table 1: Overview of the Data Diary assignments and the modality that had to be used.

Data Diary 1 Data Diary 2

Topic Number of hellos Routes and paths
and goodbyes / com-
pliments and apolo-
gies

Modality Visualisation Visualisation

Data Diary 3 Data Diary 4 Data Diary 5
Counting and Cate- Senses and Sensa- HowIspentmy time
gorising tions

Physicalisation Physicalisation us- Physicalisation

ing tactile modality  using movement

goodbyes, or compliments and apologies, we hoped that partic-
ipants would ease into tracking elements of their personal lives
and the idea of representing data in a creative way, without falling
back on standard visualisation methods. The second week focused
on routes and paths: a slightly more abstract topic, but carrying
a strong (visual) connotation. Here, we wanted to challenge par-
ticipants to reinterpret the data source and how to represent it.
After creating two visualisations, the required mode of representa-
tion was physicalisation. To help participants get used to working
with physical artefacts, we selected a topic which could easily be
represented through tangible objects: counting and categorising
things. Next, as participants had gained experience with tracking
data and created their first physicalisation, we challenged them
to explore a more complex data source, which is not as easy to
datafy, by asking them to represent their experience of senses and
sensations. Suitably to the topic, participants had to represent their
data using the tactile modality, to make them aware of the various
modes which data physicalisation can use to represent data [28].
Finally, the fifth Data Diary had to communicate data via move-
ment. As we believed movement to be the most abstract modality,
the topic of this assignment was slightly easier than that of the
fourth Data Diary: how participants spent their time. For the final
task, participants then had to select a data source of their own and
individually create an interactive data physicalisation.

3.1 Analysis Approach

In this paper, we discuss the outcomes of the Data Diaries and cre-
ated physicalisations. Our findings and observations originate from
three different sources: 1) images of the created Data Diaries and
interactive physicalisations, 2) written reports about and document-
ing the design process, and 3) interviews with four participants on
how they experienced the Data Diaries. When informed about our
desire to write a paper about the project and whether the partici-
pants wanted to take part in the interview, none objected to their
data being analysed and presented for publication purposes.

The images were analysed by three researchers, using open
coding. The written reports were analysed by two researchers,
who used thematic analysis to deduce themes [6]. Based on the
findings of this analysis, participants were invited to take part in
an individual interview. Four participants (two Bachelor and one
Master HCI student, and one Master Media-Art student) agreed to
take part and were asked about: 1) their journey throughout the
project, 2) which Data Diary they learned the most from, 3) which
they learned the least from, 4) what they learned about data from the
Data Diaries, 5) what they learned about themselves from the Data

Diaries, 6) how they would describe data now, 7) whether this used
to be different and if so how, 8) what caused this difference, 9) what
they believe the differences between creating a visualisation and
physicalisation are, 10) what they learned about data from creating
a physicalisation, and 11) what they learned about themselves from
creating a physicalisation.

The interviews were audio-recorded, transcribed, and again anal-
ysed by two researchers using thematic analysis [6]. Following an
inductive approach, the analysis happened in two stages. In the
first stage, both researchers independently selected codes. These
codes were then discussed one by one, to ensure both researchers
agreed. The selected codes were then used to create the initial four-
teen themes. After a period of reflection, the researchers checked
whether they believed the codes were still assigned to the correct
theme. Furthermore, the number of themes was reduced to twelve
and their naming was finalised. Lastly, the researchers distinguished
between five themes and seven sub-themes, and created a thematic
map.

4 JOURNEY THROUGHOUT THE DATA
DIARIES

To start, we highlight and discuss the journey participants experi-
enced throughout the Data Diaries, how they developed throughout
the assignments, and the main characteristics and changes across
the series of Data Diaries. We do so by highlighting the data repre-
sentations that embodied the experienced developments or direc-
tion(s) participants followed that week. An overview of all created
Data Diaries can be found with the supplemental materials.

Participants are referred to as P1I to P8. If a quote is from the
written report, this is indicated via a -R behind the participant ID
(e.g. PI-R). Quotes without -R stem from the interviews. Report
quotes are verbatim and unchanged.

4.1 Data Diary 1: Hellos and Goodbyes /
Compliments and Apologies

For the first Data Diary, participants were asked to track either
the number of hellos and goodbyes they sent or received, or the
number of compliments and apologies. Although participants were
free to pick either of the topics, seven decided to go for the Hellos
and Goodbyes. Participants were challenged to not fall back on
standard visualisation methods, which proved to be a challenge:
“The idea of visualising data in another way but graphs is still very
abstract” (P2-R). Nonetheless, participants succeeded in finding
new ways to represent data. By using symbols and icons (as done



What is Data? - Exploring the Meaning of Data in Data Physicalisation Teaching

TEI "22, February 13-16, 2022, Daejeon, Republic of Korea

hellos & goodbyes

ol pewind
SY“:\)M’( e 28 wratshpe essage f@ Peson in
eal WR
Pé Cenot (D) wsugem sery
- 6) s

coutn 5
A (et

Queauily (52) Disced
acgquaintanu

P3

Figure 1: Two Data Diaries created for the first assignment. Left: P6 created a rich narrative visualisations representing who,
when, where, and via what medium said hello or goodbye (including a purring cat), with colour coding of the type of relation-
ship, the language used etc. Right: P3 created an analytical visualisation indicating whether an exchange of verbal greetings
was complete or incomplete, marking hello’s and goodbyes (outer vs. inner box) and P3 as receiver (top box in a row) or as

’sender’ (lower box in a row).

by P6), participants captured elements such as who greeted them,
where / via what platform, and how this made them feel, resulting
in visualisations with multi-layered information.

Figure 1 illustrates two main approaches: analytical, abstract
visualisations (exemplified by P3) and iconic-style, narrative visual-
isations (P6). P3 utilised their data to show whether a greeting was
complete (as in two hellos and two goodbyes), or incomplete, for
example only a ‘hello’ or ‘goodbye’. P6, on the other hand, explored
when they encountered a greeting (position on the “clock”), their
relationship to that person or animal (colour), the language, and
medium or location (online or IRL). The analytical visualisations
reflect how participants thought of data at this point: “This visu-
alization did also reflect well, how I percepted (sic.) data until then.
Namely as a very mathematical and objective abstraction of processes
and its outcomes in the reality” (P3-R). Analytical (P2, P3, P4, P8)
versus more narrative approaches (P1, P5, P6, P7) were distributed
half-half.

4.2 Data Diary 2: Routes and Paths

For the second week (see Figure 2), participants were asked to
visualise the routes and paths they took that week. What they con-
sidered a route or path was up to them to decide. This assignment
resulted in mostly abstract visualisations, which obscured the exact
locations of the designer. This led to vivid discussions during class,
with participants trying to figure out and ‘live’ the routes. This was
especially the case for the simple map created by P1.

Besides abstract visualisations, objectivity and efficiency were
key elements, as illustrated by the following explanations: “clear
and concise” (P2-R) and “reduce the subjective” (P3-R). Moreover,
just as with the first Data Diary, icons and symbols remain the
main tool to encode data (see P1 and P8). Here, the work of P8
stands out, as they combined the basic principles of visualisation
to layer different information, such as purpose (e.g. food, friend,

school), how they felt during their trip, time taken, and mode of
transport (e.g. run or walk). Furthermore, P7’s sonification stood
out. This represents whether a path was useful (e.g. to grab food),
or aimless and for procrastination. Useful paths were represented
by lower notes, whereas procrastination was assigned the higher
tones. Using a music box, one can play the data representation. The
creation of this sonification might have been influenced by a lecture
in the prior week about different modalities that could be used to
represent data.

4.3 Data Diary 3: Counting and Categorising

Our next challenge was getting students to create physicalisations
(see figure 3). Participants were asked to count and categorise data
from their everyday lives, and represent it using physical objects.
This resulted in a clear departure from participants’ previous work.
Whereas the first two weeks embraced creative visualisation meth-
ods, inspired by InfoVis and "Dear Data", participants now had to
find new ways to communicate data. For three participants, this
resulted in a literal representation, where the objects represent
themselves, as can be seen with P2. Noticeably, P2’s visual style
changed drastically with this assignment, being their first diary that
considers aesthetics. The five others created mappings to objects or
materials, as can be seen with P4 and P8. Key to this was iteration.
For example, P4 started out by mapping the weather to scarves.
Their process quickly became more poetic, with a physicalisation
made from jewellery boxes representing social group sizes (e.g. the
biggest box represents the biggest social group) and the order in
which they wanted to send them Christmas greetings. Similarly, P8
started by categorising their vitamins and supplements, but moved
to representing the Black Friday emails they had received, where
each object represents the type of offer (e.g. nail polish represents
a beauty deal), and lines of pebbles to represent internet usage in
calls with their partner.
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