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ABSTRACT

Missing values in data sets are usually omitted or
replaced in further analysis, and hard-to-measure
nuances are often simplified for analysis and
visualization. This is sensible for standard statistical
analyses but should be interrogated for visual and
physical data representations: Including missing or
nuanced data and keeping it visible may lead to deeper
data insight and invoke more audience engagement.
This workshop contribution aims to prompt designers to
reflect on their handling of missing data when designing
visual and physical data representations.
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INTRODUCTION

Often, the possibility of missing data is ignored, and a
complete data set is assumed for statistical analyses [1].
If not ignored, cases with missing data are often
excluded, or missing values are replaced with
estimations [1,7]. This is necessary to retain the integrity
and validity of statistical analyses, but should only be
used after having exhausted all methods to ensure a
more robust data collection [7].

On another note, sometimes observed variables do not
fit neatly into categorizations and contain difficult-to-
measure subjectivity or uncertainty [2], e.g., people
feeling equally represented by two options in a single-
choice question. Classic statistical inference methods for
this kind of data are limited and are usually not
equipped to include these nuances [2].

When visualizing or physicalizing data, missing or
nuanced data points are commonly handled and cleaned
just like for statistical evaluations. | propose that this
should be interrogated and evaluated for each data set in
question, because this practice stands to lose the
possibility of deeper insight. Previously, the importance
of recognizing missing data and its depiction has been
highlighted multiple times, in different situations,
relating to different kinds of missing data. Some
examples include:

1) When data could be collected but is not:
explorations of data sets that are missing completely
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can spark conversations on power imbalance.
Examples of this can be found in chapter one of [3].

2) When data can’t be collected and is therefore
missing, like trying to self-observe instances where
oneself completely forgets something, an example
of which is available in [4].

Contrary to these two examples, | will focus on the
display of missing data points (as well as nuances in
categorical data) in an otherwise collectable and
collected data set and examine if they can provide more
insight when displayed than when excluded.
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Figure 1: Reasons for missing data are varied: from simply not
collected data, over not collectable data, to only partially
collected data sets. Ideally, all real-world information is
translated into the collected data.



To illustrate my point I will use two examples: The show
concept “100% City” by the theater collective Rimini
Protokoll [5, 8], and my data physicalization “Mercury
207, which was inspired by key facets of the show. In
the following, 1 will introduce both examples and then
examine them side by side, with regard to their handling
of missing or nuanced data.

100% CITY

In 100% City, 100 representative inhabitants of the
city where the performance takes place, answer
questions on stage about their demographic
information, beliefs, values and past experiences.
Depending on the question, participants answer by, for
example, grouping themselves on stage under the
labels “me” or “not me”, raising colored signs for
multiple choice questions, or pantomiming activities
of their everyday life depending on the specified time
of day.

The show thrives on messiness and the personhood of
the participants on stage, giving statistics "a face" and
providing a deeper experience and richer data insight
than classic data displays. For an analysis see [5].
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Figure 2:

100% City. 100
participants
display their own

MERCURY 20

Building on these themes, | have designed a data
physicalization displaying data on NASA’s candidates
for their first astronauts in 1960, called subsequently
“Mercury 20”. The data of 20 people is encoded (7 of
which were chosen to become astronauts, known as the
Mercury 7), inspired by NASA’s official selection
criteria, as well as some further soft facts, that might
have influenced the selection process. The data was
collected from two documentaries [6, 9] and Wikipedia
entries on each candidate [10, 11] with the explicit
choice to not dig any further as to only display easily
available data.

Starting from the top, each person is represented by a
picture of themselves and their name. From this, a string
weaves itself through all criteria (displayed as the white
hoops). A selected number of candidates can be
highlighted using string lights along their path, making it
easier to compare and reference certain individuals. To
guide the viewer’s interaction, a tablet provides some
either-or questions: two candidates are highlighted, and
the viewer is prompted to select the person they would
send to space. Afterwards, they gain feedback on
NASA’s actual choice and can read up on the
importance of each selection criteria for NASA’s
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Figure 3: Mercury 20. A data physicalization based on data design themes of 100% City. 20
astronaut candidates are encoded by a string running from their picture to each hoop (representing
a selection criterion category). A specific value is assigned to each person by running their string
through the respective eye bolt attached to the hoop.




DEPICTING MISSING OR NUANCED DATA

Now | will discuss how 100% City and Mercury 20
depict missing data points, as well as nuanced data.

Missing Data

In 100% City, people stay on stage for the complete
duration of the show. This means that even if they do not
answer a question, this missing data point remains
visible, as illustrated in Figure 4.

Mercury 20 keeps data visible by encoding data using a
string, traveling through different layers of hoops
(Figure 5). To more clearly distinguish actual data from
missing data points, all existing data points travel
through eye bolts fixed to the hoop, with the string
remaining outside eye bolts for missing data points. The
string remains visible, and viewers may stumble across
missing values, for example when exploring the data of
a single person. At the same time, it does not overpower
the display and is only foregrounded upon closer
inspection. In the case of the Mercury 20 data, keeping
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Figure 5: In Mercury 20 missing data stays visible, because the data from each person is encoded using a continuous
string, which skips hoops where the respective data points are missing.

missing data points can invoke discussions about what
data gets collected or stays available even after a number
of years.
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Figure 4: In 100% City missing data is depicted by
keeping all participants on stage, even when they
choose not to answer (e.g., by not entering an answer
area or not raising a colored sign when prompted).



Nuanced Data

In 100% City, participants hesitating or switching
answers mid-way through can be followed live
by the audience. Also, participants can choose to
break the encoding scheme and give an
unexpected answer. Some examples can be seen
in Figure 7. This makes the show more personal
and prompts thoughts in the audience for what
the reason for this could be, or how to interpret
the unusual data encoding.

Similarly, Mercury 20 retains a nuanced data
point: one candidate had separated from his wife
at the time of the selection process, but still posed
as married to the public, as seen in Figure 6.

I have displayed this in my design by guiding his
string towards the “married” portion of the
“marital status” hoop, but then have the string

travel on to the “separated” category and
continue to the next category from there.

Breaking the format may lead to a deeper data
insight: what does it mean when it looks like the
string is heading for “married”, but on closer
inspection actually just loops around and travels
to “separated”? Playing with and subverting the
original encoding scheme provides a richer data
display and can communicate more nuances than
originally possible in the design.
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Figure 6: Mercury 20 -
Nuanced Data. One
data point in the
category “marital
status” breaks the
standard encoding:
The candidate at the
point of selection was
separated from his
wife, but still posed as
married to the public.
His string loops around
the eye bolt for
“married”, travels along
the hoop to the section
“separated” and
continues from there.

Figure 7: In 100% City, nuanced data is, for example, visible
when participants change their mind and switch categories.

Other possible deviations from the encoding scheme are building
a 2-digit number from two single digit cards, or using a third color
in a two-color question, which has no designated meaning.



CONCLUSION

Data sets with missing or nuanced data points may
provide a chance for deeper insight when displayed in
their entirety instead of defaulting to replacing or
omitting unusual values. Designers should take a
moment to ask themselves:

1) Do missing values contain relevant information on
the data?

2) What story do the missing or nuanced values tell?

3) What happens when the data is allowed to break out
of its encoding scheme?

4) What is the goal of the visual or physical data
representation, and may it be supported through
displaying data that is usually left out?

These unusual data designs can provoke thought in and
discussions among its viewers. One promising way to
keep missing data visible is to work with a continuous
data display, like the string in my design or the physical
presence of people in 100% City.
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