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Work in progress
Let’s get physical: from data visualization to data physicalization
Abstract

Data visualization is the practice of turning data into graphics and the usual goal is to
communicate an interpretation of a dataset to a specific audience, to make an argument you have
worked out from an analysis of the data or a sub-set of the data. It is an essential part of science
and engineering communication [6,7]. A course that has been taught for the past 5 years in the
Schulich School of Engineering at the University of Calgary added one more step in the data
visualization process: data physicalization.

Art and engineering is a course that focuses on history, concepts, contemporary issues, and
techniques of engineering in art. Topics include Arithmetic and Geometry, Proportion,
Formalism, Symmetry, Computation, Geometric Abstraction, and Mathematics as they relate to
engineering and art. Woven into the theoretical content are hands-on projects where students
learn basic sketching skills, hand build a ceramic still-life piece, visit local galleries and
museums, and, using elements or art and principles of design, turn data into data visualizations
and data physicalizations: data-driven physical artefacts whose geometry or material properties
encode data. Students use an adapted Jansen and Dragicevic [1] information visualization
pipeline to move from raw data to data wrangling to visual and physical presentation. This paper
presents examples of the process and concludes with observations and lessons learned.
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Figure 1. Information visualization pipeline. Jansen and Dragicevic (under CC-BY-SA license) [1].



1. Introduction and history
What is data physicalization?

A data physicalization (or simply physicalization) according to the paper Opportunities and
Challenges for Data Physicalization “is a physical artifact whose geometry or material properties
encode data” and “a research area that examines how computer-supported, physical
representations of data (i.e., physicalizations), can support cognition, communication, learning,
problem solving, and decision making [2].”

We can also think of these as analog data storage devices. A historical example is the Quipus — a
complex collection of knotted ropes that played an important role in Inca administration. The
variation in the knots is thoughts to encode quantitative variables and indicate various categories.
A wealth of examples can be found on the physicalization gallery on the website dataphys.org.
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Figure 2. Sample slides showing a historical example: ‘Quipus’ and a contemporary data physicalization from 2015.

My own experience with data physicalization was from a series I did based on our city’s
homeless count. The city does a Point-in-Time Count: a survey that counts the number of people
experiencing homelessness on a particular night. The survey, which takes place every two years,
highlights how homelessness is changing and
helps the city decide how to allocate resources
and create a system of care that best serves this
vulnerable population. From 2000 to 2008, I
represented Street Data gathered through an in-
person survey of people sleeping in places like
vehicles, tents and makeshift shelters using
multiples: small objects like monopoly houses
(Figure 3). The point was to make a number
visual and physical, but the data was not analyzed

beyond this and no meaning was assigned to the

Figure 3. Data physicalization of 2008 homeless count
(4060 monopoly houses) by the author. colour of the Monopoly houses.


http://dataphys.org/list/gallery/

To start the student data physicalization project I used a data visualization approach — Dear Data
- successful in past years in our first-year engineering design class so that students could see their
data start to take shape (see appendix 3 for a complete Dear Data assignment).

Dear Data (http://www.dear-data.com/by-week/ ) is an analog data-drawing project. Each week
the two designers who started this project would collect the same data about their lives.
Examples include ‘urban animals’ (which animals did they observe in their city during the course
of a week) and a week of sound (which sounds did they hear over the course of a week at regular

intervals). The data was then analyzed and turned into a hand-drawn visualization and sent via
‘slow data’ transmission (by mail) to in this case another continent. The front of the postcard
showed the visualization, the back had a legend so you could ‘read’ the front. The designers
classify their project as a ‘personal documentary’ rather than a quantified-self project which is
generally about becoming efficient and to gain ‘useful’ self-knowledge.

Dear Data is very inspirational and the perfect method to have students work on their own small
personal data sets, particularly because it allowed for ‘experimentation without fear’ — the
assignment (Appendix 1) allowed for lots of experimentation and there was no ‘rights answer’.
Students could choose from the data collection themes of Dear Data to see what would happen
with the same prompt or choose to collect data about themselves: study habits, time spent on
their phone, app use, food habits, etc. More often than not the assignment resulted in a student
changing their habits — in these cases it did become a quantified-self project.

The process students followed was an adapted pipeline (Figure 4) based on the information
visualization diagram (Figure 1) by Jansen and Dragicevic [1]. From left to right and top to
bottom students collected raw data for a week and were asked to add details about context — for
example: Who was involved? What happened? Where did it take place? Why did it happen? How
did it happen? They were asked to transform and create multiple views (to start seeing
correlations and patterns) of the raw data to processed data using excel and a number of
suggested links (an example: RAWGraphs). The third page of the pipeline encouraged
inspiration from existing historical and contemporary data visualizations which they were shown
in a ‘History of data visualization’ lecture. Then, moving from processed data to abstract visual
form meant student started to make decisions about the data story they wanted to tell. The next
step, visual presentation, was to make decisions on colour, shape, size, and pattern to start
encoding the data. A postcard design and a legend were the final steps in the data visualization. A
student example can be seen in appendix 3.
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Figure 4. Student data visualization pipeline adapted from Jansen and Dragicevic (under CC-BY-SA license).

In the first-year class we added a small data physicalization project to give students an
introduction to Autodesk Fusion360 and the university’s maker-space. This ‘Fusionvis’
assignment (Appendix 2) meant students had to complete a 2-part training session to get access
to the maker-space, and complete introductory 3D modelling tutorials. We included a size
restriction so that all 900 students could print a personal data token [5]. A few examples can be
seen in Figure 5: we asked students to create a simple object importing a 2-dimensional image
and adding thickness - this worked in most cases.
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Figure 5. Examples of a simple data physicalization exercise to introduce engineering students to working with 3D modelling
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2. Data physicalization in the current course

Art and Engineering is a course that focuses on history, concepts, contemporary issues, and
techniques of art as it relates to engineering. Topics include Arithmetic and Geometry,
Proportion, Formalism, Symmetry, Computation, Geometric Abstraction, and Mathematics
connected to historical, theoretical, and critical contexts in art and engineering. Students gain
experience and a working knowledge of concept development and the creation of engineering-
inspired art projects. Students from all six engineering departments at our school can take the
course as a complementary studies course. On average the class has 25 students.

We start the class with a discussion of the short article What Art Unveils by Alva No€ which
usually allows us to find aspects we agree on so that we have a common understanding of art in
the course. ‘Artists make stuff’ — we were able to agree on that. No&’s hypothesis is “that artists
make stuff not because the stuff they make is special in itself, but because making stuff is special
for us. Making activities — technology, for short — constitute us as a species. Artists make stuff
because in doing so they reveal something deep and important about our nature, indeed, ... about
our biological nature [4].” He continues the article that ‘art makes things strange’: take a group
of engineering students to a gallery (which I did) and you will have your answer — we agreed on
this also. Noé€ writes: “Design, the work of technology, stops, and art begins, when we are unable
to take the background of our familiar technologies and activities for granted... [d]esign, at least
when it is optimal, is transparent in just this way; it disappears from view and gets absorbed in
application [4].”

The class is structured around a framework of elements of art and principles of design. Students
are introduced to these concepts over the course of 12 weeks with assignments to explore



elements like line, shape, form, and space, and principles like
balance, contrast, and pattern.

T A‘?\ % These elements and principles are very useful for data
L visualization and physicalization and are referenced in early

e @ C texts for data mapping. For example, Jacques Bertin in
¢ £ Semiology of Graphics (1967) proposed a set of “visual
olorvatie| s /N 1 variables”: Position, Size, Shape, Value (lightness), Color hue,
Orientation, and Texture (Figure 6). In the first-year design
- % class we had also introduced students to Gestalt principles and

visualization. These principles describe how humans group
- g 5%2(‘ similar elements, recognize patterns and simplify complex
color hue ® 7%
images when we perceive objects, and our natural compulsion

. {* @ to find order in disorder [9].

orientation

\ L The data assignment allowed students to use and apply
shape| 4 L0 iHEF elements and principles they had experimented with for the first
half of the semester (Figures 8-10). The first half of the

semester also included re-creations of famous works of art

Figure 6. Bertin’s Visual Variables

using minimal materials (Figures 7 and 11), and a stop-motion
video project. The final projects are chosen by the students from four themes: composition,
environment, medium, or material [11].

Figure 7. A student’s contemporary interpretation of Vermeer’s Woman Holding a Balance (courtesy of Noam Anglo).



For the data physicalization assignment, one student was inspired by the Quipus and data scarfs
and blankets, where the colours of the various knitted sections represented temperature ranges or
bus stop wait times, that were shown in the history of data physicalization lecture. She also
added friendship bracelets as an inspiration for her final deliverable. It was interesting to see the
translation from data generated by excel and other tools into the bracelet and how the
information was codified. The data is very personal and she indicated that she had an immediate
emotional connection to the object she had created (Figure 9).

bbbl

BOGGLE PLAYS

(o gl

ke how ooleor ropecssts daa

BOGGLE PLAYS

‘Waat to highlight wins and
high score rosnds
samehar
essaneanen
ey
Chart Tite

2$\\\
i
AN

[ Te——Ty

Figure 8. Student data visualization pipeline in preparation for data physicalization (courtesy of Kristy Olmstead)




Figure 9. Student data physicalization bracelet inspired by the Quipus (courtesy of Kristy Olmstead)

Another example from this project was the comparison between the increase in housing prices
and the relative sad state of average incomes. The student is being generous with the
representation because the incomes are around $36,000 and the lowest housing price is $243,000.
The income data pieces would actually disappear inside the tray but he wanted the pieces to be
easy to handle (and easy to 3D print). In this case he followed the data visualization rule that data
should be easy to understand at a glance but not that the data also has to be truthful and precise.
We discussed this in the group and a number of students expressed that it was quite difficult to
assign data characteristics accurately and that they had taken artistic license in some cases which
for the course was paramount, for engineering courses less so.

Figure 10. Student data physicalization showing increase in housing prices (white/gold) vs income (brown) (courtesy of
Christopher Vo).



3.0 Discussion and student feedback

A number of benefits related to data physicalization have been identified. Jansen et al. note that it
takes advantage of our active perception skills by allowing someone to rotate a data object or
walk around a larger data physicalization. Physical objects can also give us cues of shape and
volume thereby leveraging our spatial perception skills. And while vision is the dominant way in
which most of us perceive the world, data physicalization opens up additional sensory avenues
like sound, touch and smell to name a few. Physicalizations are also thought to benefit cognition
and learning. Physical representations were historically used to teach concepts in mathematics,
chemistry, and biology. More recently, in his famous TED talks, Hans Rosling used
physicalizations to explain global population growth and other world statistics collected via
Gapminder engaging large audiences with data [10]. In addition, educational psychology has
found evidence that supports the “embodied cognition thesis, according to which cognition is
supported by the body and the physical world [2].”

One student shared the following:

“I really enjoyed the data physicalization project, I definitely felt that seeing or being able
to touch the data made it much more impactful. Some of the videos we watched, or your
data sets with people represented by little [houses] really put numbers that we brush by as
inconsequential in perspective. I definitely thought it was a cool project, and a good one
for engineers, we work with so much data that's visualized through graphs but that doesn't
mean we understand it all the time or comprehend the magnitude of numbers.

My project on Boggle [a word search game] data was just a fun data set to use, something
from everyday activity, but really put into perspective how many wins my opponents
(mom and brother) have! I thought it was cool to learn about the Quipus and see such an
old example of data physicalization. Overall that project is probably a reason I would
recommend the course to other engineering students, it was very valuable.”

To conclude this anecdotal narrative, data physicalization in this course and in a past first-year
design course indicates that this exercise is useful for students. It allows data to become personal
and tangible, allows for greater meaning and impact of a data set, allows for transdisciplinary
collaboration, and allows for communication with non-experts. As a next step I plan to
implement data physicalization in a bio-inspired design course where comparative data between
various species could be meaningful to visualize as physical objects as it relates to design
abstraction and creating a connection to other species. Our classes are moving further and further
from physical reality and have become digital and virtual. If we agree that making stuff is special
for us, data physicalization could be an avenue to get back to making, to increasing sensory
avenues, to including other ways of knowing, to spatial perception, to embodied cognition. A
paper from 2013 discussed design for emotional attachment and technological adaptability as an



approach to combat planned obsolescence in product design, diminished user experience, and
shorter product lifespan [12]. Data physicalization could be an approach to bringing an emotional
connection to a data set especially when it is data collected about ourselves or about the

Figure 11. A student’s contemporary interpretation of Dali’s
The Persistence of Memory (courtesy of Kelly Long).

worsening state of our planet. Data and
engineering are not neutral and there is
anecdotally potential for physical data

objects to bridge to a deeper and more

meaningful understanding.

And to finish with Noé€ it allows students a
way of investigating the world and
themselves: “art displays us to ourselves,
and in a way makes us anew, by disrupting
our habitual activities of doing and making
[4].” T hope this work in progress inspires
others to experiment in their classes and that
multi-year studies will follow in future
years.

The author would like to thank Kristy
Olmstead, Noam Anglo, Christopher Vo,
Kelly Long and Maham Jamal for their
great work and contributions.
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Appendix 1. Dear Data personal visualization assignment

Engg 200 Personal visualization project

Due on D2L (PVis dropbox folder) Feb. 6 at 11:59 pm: One completed process POF
Please use one of the process templates (pages, word, pdf) posted on D2L (or recreate)
[See pdf for correct spacing and annotations - make sure you delete the annotatiors if using the PCF

template]

Steps:

*  Week1:Pick or modify a topic/ theme from thispage:|httg:/Iwww.dmr-chtaoom/by-week[] and
collect data for one week. Picksomething that is useful for yourself or something you are into
already: exercise, food, study habits, patterrs in your life, mood, getting to class, etc.

o Please note: when collecting your data write down the ‘context’. For example: where you
were, time of day, people around you, sounds, colours, details linked to your data, etc.
Contextual data will show you patterns more easily.

*  Week2/3:Process the datausing the steps in the template (see AGoodProcessToFollow pdf for the
right questionsto ask, think about context, and about the ‘story’ you want your final visualization
to tell).Create a visualization postcard - thiscan be analog (hand-drawn and photographed) or
digital.

Some online resources that are useful (to process the raw data):

Tableau Public:|https://public.tableau com/en-us/s/|
RawGraphs:|http://app.rawgraphs.io
[Please note: the graphicsgenerated via the tools above should not be submitted as final visualizations —

use them and tweak them to create your own unique summary]

For visualization examples:

http ://www.informationi tifuI.net/l

https://datavizcatalogue.com|
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Engg 200 Fusionvis: Personal data physicalization* project

Due on D2L (Fusionvis dropbox folder) March 20 at 11:59 pm:
* One SlLfile (fromFusion360)
» aFusion360screenshot of your file + the image/file from your personal data that was the starting
point for your Fusionsketch saved as a 1-page PCF.
Due on D2L (Fusionvis dropbox folder) last day of classes:
» Aselfie with your 3D printed datavis to the same dropbox.

First: Make sure you have finished Maker Multiplex & Zetta: General Access Training

and 3D Printing: Basics

|https'j/ schulich.libguides.com/ c.php?g=726179

Next steps:
* Watch the Fusionvis video and have a look at the dataphys links below

* From your personal visualization project find a suitable visual to use for this project (it does not
have to be your final visualization image — can be from the visual mapping phase for example)

* (Qreate yourSTL file in Fusion360, making sure constraints (below) are satisfied

* Upload to the makerspace 3D printers using the followingnamingconvention: Course name and
number (all capitals), followed by a dash, your UCD, another dash and the description of the part
(example: ENGG200-10045678-Part 1)

* Constraints:

o Sze envelope (maximum dimensions): 4cm by 8 cm by 3 mm (thickness)

Fusion 360 Iink:Ihttp_s://www.autodesk.com/education/studentsl

For data physicalization* examples and ideas for your data and 3D print:

,http://cht@@@.org{list/data-iewelm/l
|http://dat .org/list/wearable- If/I

|http://dataphys.org/list/data-necklace-of-good-night-sms/

*Dataphysicalization: representing datain physica form.
Image credit: https://exertiongamesiab.org/wp-content/uploads/2011/07/understanding 3d_chi2014 pdf 1

Appendix 2. Fusionvis data physicalization with Autodesk Fusion360.



Appendix 3. Dear Data student data visualization (courtesy of Maham Jamal)
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