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ABSTRACT
In this paper, I propose ECAir, a system to provide artistic visualization of air pollution data. Air pollution is an ever-growing concern
not only for our health but also for the planet as it contributes to
global warming [15]. One way to spread awareness about it, is to
create informative data visualizations. Data visualization plays a
vital role in understanding existing data, as well as in presenting
the �ndings derived from the data. Data visualization is gaining
increasing importance in todayâĂŹs world of big data and data
science. However, most of the e�orts in data visualization are focused on how e�ciently we can represent the information and not
the aesthetics of the visualization. This study aims at providing a
system for the artistic visualization of air pollution data. ECAir employs Arduino devices along with an MQ-135 sensor to collect air
pollution data and then uses a novel algorithm to create Mondrianstyle visualization. I have tested my system by collecting data on
the Earlham College campus.
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1

INTRODUCTION

Visualization of information has been around for hundreds, even
thousands of years, depending on how we de�ne the term. Among
the earliest known examples are the coordinates used by ancient
Egyptian surveyors in 200 BC [7]. However, more sophisticated
techniques were developed in the 16th century for recording and
visualizing data, such as using tables to record physical measurements [8]. Since then, a lot of progress has been made on making
it easier and more accessible to create representations of data that
can show patterns and trends, and technology has played a big
role in that. It is useful in the world of natural science, economics, business, and almost every other �eld. Governments use it to
show the results of domestic surveillance, and academics use it in
presentations, papers, and posters [8]. Modern technology and the
widespread availability of the internet have provided easy access to
data visualization tools, such as Microsoft Excel or Google Developers, where anyone can plug in data and get a chart, a map or another
graphic portrayal of quantitative information. However, although
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very widespread, data visualizations often neglect the aesthetics of
the representation and solely focus on the information one can get
from the graphs. Typically, informative visualizations live in a �le
on a computer [19]. That information is not always displayed for
the viewer to see; instead, they have to seek it out. Visualizations
would be signi�cantly more informative to the public if they were
permanently displayed somewhere, the way that artwork typically
is. Aesthetics is important here, because putting up pieces of paper
with data visualizations that look identical will eventually become
a dull feature of the environment, and they will no longer get the
attention they were put up to draw. Using art to create unique and
interesting data visualizations, that �t into the environment they
are placed in and add to it, will draw the viewers to them, drive
them to look closer and ask questions, increasing their awareness
[4].
Air pollution is an important problem that we have the ability
to obtain data on, but lack awareness about. It is poisonous and
causes many health problems, and climate change. Yet, there is little
awareness of how much damage decisions we make daily cause
[10]. ECAir is a tool that collects pollution data on the campus of
Earlham College, and displays real-time pollution data in an artistic
manner designed to help realize the pollution surrounding us. The
data is collected using an Arduino board and an air quality sensor.
In order to make the visualization a piece of art, it will follow the
style of the artist Mondrian (Figure 1), because of the nature of his
work. His artistic style makes use of geometric forms and primary
colors, which started out as a way to represent the world without
depicting it exactly as it is, but rather an abstract version of it. This
kind of system would be especially useful in larger cities, where
the visualization can be displayed in public areas such as train
stations or bus stops. The display of such information in real time
will improve awareness, which would hopefully result in better
decision-making that is less harmful to the environment.
Realizing the importance of artistic features in drawing interest
and spreading knowledge is important for the world of science.
Additionally, an aesthetically-pleasing visualization has the potential to be provocative and engaging [17]. With regards to pollution,
if the viewer of the visualization is more provoked, they may, for
example, choose not to drive when it is not necessary. The goal of
this research is to create a data visualization of air pollution that
�ts within its environment, while helping raise awareness. This
paper will �rst look at the background in data visualizations and
aesthetics, then explain the methodology and provide the results
and an evaluation.
This paper contributes a system, ECAir, which uses Arduino
and Python’s tkinter to collect air pollution data and display it
in a Mondrian-style visualizations. This work pushes forward the
�elds of artistic data visualization and Arduino air quality monitors
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by combining the two. This provides an accessible approach for
anyone to build their own monitor, the data collected by which
can be displayed as an artistic visualization. The same approach
can then be used to display any data that can be collected using an
Arduino sensor, and a home could be decorated with informative
art.

Sara Salloum
Lau et al. identify a visualization �eld called information aesthetics, which forms a link between information visualization and
visualization art. It combines di�erent aspects of aesthetics, data
and interaction to create something that allows for more profound,
long-term impressions on the viewers. The model provides an opportunity for researchers and artists to develop design guidelines
for information aesthetics. The goal is to create visualizations that
utilize art, without endangering the trustworthiness of the information presented [14]. As an artist and a researcher, this is what
I am trying accomplish with this project, creating a visualization
which abstracts details but provides su�cient information to spread
awareness.

2.2

Figure 1: An example of Mondrian’s style [1]
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BACKGROUND

The e�ects of pollution on our daily lives are often neglected, as
well as the importance of aesthetics in data visualizations. Data
visualizations are rarely made to be a part of an environment for an
extended period of time. When they are, they ought to �t into that
environment and add something to it to draw our curiosity, rather
than be something unpleasant to look at. This work is informed
by three existing lines of research: aesthetics in data visualizations,
pollution awareness, and the use of Arduino board to measure air
quality.

2.1

Data Visualization and Aesthetics

The visualization of data in an aesthetically pleasing manner is not
uncommon in the world of art, where collections of data can be
taken and interpreted by artists in abstract ways, for the purpose
of making art, rather than displaying quantitative information [21].
However, utilizing art to draw viewers’ attention to data requires a
di�erent kind of creativity. In creating artistic visualizations of data,
one must consider more details, because the main purpose of the
piece remains the conveying of information. As far as I have been
able to determine, there are not many studies that speci�cally look
at the correlation between aesthetics and user attention, however,
Cawthon et al.’s work does explore this. It �nds that the attractive visualizations draw the users to look more closely and make
them show a higher level of patience. This was measured through
presenting 11 di�erent visualizations of the same data to viewers.
The visualizations varied from traditional TreeMaps and network
diagrams, to more creative, �oral-inspired representations. They
also had constants in all techniques, such as color, size and text [4].
This is very signi�cant for this project, because a goal of it is to
draw users’ attention to pollution levels.

Pollution and Awareness

Bickersta� and Walker o�er a current picture of the ways in which
residents think about the problem of urban air pollution. They
state that if a durable improvement is to be achieved, a shift in
personal behaviour, in particular the decisions that people make
about transport choice, toward a more sustainable way of life is
fundamental. This would be remarkably relevant on Earlham’s
campus, where both students and faculty choose to drive from one
building to another, when the longest possible walk would not
exceed ten minutes. Moreover, they found that awareness of poor
air quality is far from universal. For most people it was a diverse
array of localized, physical and social encounters with air pollution
that were important in the development of perception. If it was
not witnessed �rst-hand, it did not matter nearly as much. It also
showed that the in�uence of external sources of information on
the public is minimal. The authors suggested that an argument
can be developed for more visible approaches to public education
and information such as air quality messages in public areas. [10].
This goes to show how important a visualization is for spreading
awareness about di�erent causes, and it can especially solve a
problem like the one described by Bickersta� and Walker. It may be
common knowledge that pollution is bad, but it is far from being
something that we are concerned with as much as we should be,
considering the damage it causes to our health and the environment.

2.3

Measuring Air Quality

Kim and Paulos created a tool called InAir, used for measuring,
visualizing, and learning about indoor air quality. InAir creates a
visualization of the data it collects, but the visualization is purely
informative, and has nothing to o�er in terms of aesthetics and
�tting into its environment [12]. Devarakonda et al. and Ali et
al. both also created Arduino devices to measure air quality [5]
[2]. Arduino is an open-source hardware and software company,
which produces di�erent types of Arduino boards for a�ordable
prices [3]. These boards are essentially mini computers. They have
a microcontroller and a certain amount of memory, as well as pins
to connect di�erent sensors. They are typically used to create a
cost-e�ective, accessible and easy-to-build devices. Arduino provides an integrated development environment (IDE) that is capable
of running on all major operating systems and has support for a
simpli�ed C/C++ programming language. ECAir uses an air quality
sensor called the MQ-135, which measures levels of NH3, C6H6,
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NOx, smoke and CO2 in the air. Various studies have found a signi�cant variation of outdoor air pollution at a small scale, but in
the cases of those studies, the small scale was close to a highway
or an interstate, where tra�c is much more condensed, with large
vehicles being a major part of it [22] [6]. In this research, there is
a much less signi�cant source of vehicle emissions, that being a
parking lot.
This project incorporates advancements in aesthetics in data
visualizations, air pollution and the use of Arduino boards. By
creating a tool that displays an artistic real-time pollution data
visualization on campus using Arduino, it will hopefully, over time,
spread awareness about pollution, and be used on a larger scale.

3

METHODOLOGY

The development of ECAir can be divided into three main modules:
the tools required for collecting the data, data collection, and the
visualization. This section describes each one of these steps in more
detail.

3.1
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SD card and used to �ll the colors of the rectangles in the Mondrian
visualization, which is the most re�ned version of the data collected.
The use of a database, such as PostgreSQL, would facilitate making
this a real-time tool, but it is not in the scope of this project.
The way the color is chosen is determined by the range of the
data collected. The color for every rectangle or location is therefore relative to the six points at which air quality was measured.
This decision was made because ECAir cares about the points it is
concerned with. Are there areas on the campus of Earlham College
that have worse air quality than others? The question is within
the campus, rather than checking for air quality as compared to a
general standard of what is good or bad. If the value at point A is
in the highest third of the data, it will be �lled red, if it is in the
middle third, it will be �lled yellow, and if it is in the lowest third it
will be �lled with blue. The color choice was based on tra�c lights,
where yellow means slow down, or in this case, beware. Red is stop,
which in this case is this area has poor air quality. This leaves blue
to represent the cleanest air out of the 6 areas.

Tools

The tool made to collect the data is built with an Arduino Uno
board, using an SD card shield, which provides the ability to collect
data without being connected to a computer. The sensor used for
measuring air quality is the MQ-135, which provides one number
combining the concentrations of NH3 C6 H6 , NOx , smoke and CO2
in the air [9]. If one of them increases, the value provided increases,
but it does not give speci�c information about each one. It is a
simple module that gives a general indication of the air quality. It
is adequate for the purposes of this project, because the project
is focused on the visualization, rather than the study of exact air
particles. Another reason for choosing a sensor that provides only
one number is to abstract details but provide su�cient information,
and that works perfectly with the style of Mondrian. In the preliminary data collection, ECAir does not use a GPS sensor because the
points at which the data is collected are �xed. However, one can
be added if the points were dynamic (e.g. if a drone �ew the device
around campus). Another situation in which it would be useful is
to use the coordinates to create the mapped visualization. This was
the original idea for this project, which was to use Basemap for the
visualization, but that works best for larger maps.

3.2

Data Collection

The data is collected around entry points of campus buildings, for
example, the front and back doors of Barrett Hall. This is because
most buildings have one entry point close to a parking lot, and one
close to the heart of campus. The heart of campus is a green area (G
in �gure 2), in which motor vehicles are not permitted. We would
expect that proximity to a parking lot would result in worse air
quality, because motor vehicle emissions are a major contributor
to air pollution [20].
All the data collection points are shown in �gure 2. A is facing
a parking lot, B is the entryway opposite of that. C, D, E and F
are the same. The buildings were chosen to represent each of the
three types of buildings on campus. One academic, at points E and
F, one dorm, at points C and D, and a building with food/health
facilities at points A and B. Next, the data �les are taken from the

Figure 2: Data Collection Points
As part of preliminary data gathering, a single device will be used
to collect the data in one day, to minimize variation in temperature,
humidity and other weather-related factors that can in�uence air
quality. Additionally, the representation is based on a value that
is the average of multiple data entries collected every 3 seconds
over two minutes in each location. 3 seconds was found to be
an appropriate time after some experimentation, because it gives
enough time for the data printing to go smoothly. However, in the
long term and as part of the future work, the data collection will
be a continuous process, as this will be a real time air monitoring
device.
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Figure 3: A Mondrian-inspired visualization of the current
weather in six cities around the world [14]

3.3

Data Visualization

The visualization is a mapping of the data onto the campus of
Earlham College, where the data collection points are the colorful
rectangles in a Mondrian painting. Red will indicate a high value
returned by the sensor, yellow will be medium and blue will be low.
In this case, low is good and high is bad. The lengths of the lines represents the distance between campus buildings. The third element
in a Mondrian painting, the size of the rectangles, is determined by
the size of area where the data is being collected. For example, a
rectangle is be drawn around the Barrett Hall parking lot (Figure
4). The idea to use an artist’s style is inspired by Skog et al.’s use of
Mondrian’s style to create informative art. A visualization of the
current (real-time) weather in six cities around the world (Figure 3)
represented each city by a colored square, the temperature by the
size of the square and weather conditions by the color.
Tkinter, a Python GUI library, is used to create the visualization
on top of a map of Earlham’s campus. Lines were drawn over a faded
map of the campus, and the positions of the lines were determined
by the rectangles they needed to create with their intersection
around the points of data collection. The outcome, for the purposes
of this project, is an image, but again, in future work, it would be
make into a real-time map that is constantly changing based on the
data collected.

4

Figure 4: The empty grid for the visualization

RESUTLS/EVALUATION

The resulting visualization is the locations in Figure 2 �lled in on
Figure 4 to create Figure 5, or a variation of it.
The results show that all points but A fall into the same category,
which is the best air quality in the range. However, it is likely that
the data collected at point A was a�ected by the initialization of
the MQ-135 sensor, which starts with a high value and takes some
time to plateau. If this is the case, the entirety of the data is at
least partially a�ected. However, overall, there seems to be little
variation across the areas where air quality was measured between
16:00 and 17:00. It was anticipated that at that time, there would be
many moving vehicles because it is the time frame in which many
people leave the campus. However, there were few moving cars,
which may be why there was no signi�cant di�erence, especially

Figure 5: The Mondrian-inspired visualization of air quality
on the campus of Earlham College
considering the studies mentioned earlier that found a signi�cant
variation over small areas that are close to a highway.
Although this might make ECAir less useful at Earlham College,
it does not hinder it from working in larger scale, where the difference in air quality is signi�cant enough to show up. Nothing in
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the setup of the device prevents it from being used on a large scale,
but it would, of course, need to be tested for that scale, which is
beyond the scope of this project.
I intend to collect more data between 8-9 am to compare to the
current data, with a more purposeful attempt to avoid the sensor
initialization issue. I attempted to collect the data earlier to it can
be in this version of the paper, but I had a technical issue that I later
�xed and should be able to have it very soon.

5

RELATED WORK

The related work can be split into two categories: aesthetics in
data visualizations, and the use of Arduino board to measure air
quality. What distinguishes this project is that it combines those
lines of research to create an Arduino data visualization tool for air
pollution.

5.1

Data Visualization

Cawthon and Moere study the e�ect of aesthetics on the usability
of data visualizations. Through their study of creating di�erent visualizations, presenting them to an audience and getting feedback,
they �nd that viewers show a higher level of patience when looking at attractive visualizations. This �nd is crucial to this project,
because that is exactly what is needed to spread awareness about
air pollution.
Kosara proposes a classi�cation of several types of information
visualization based on aesthetic criteria, introducing the notions
of artistic and pragmatic visualizations. The goal of pragmatic visualization is for the user to be able to thoroughly understand and
analyze the data. On the other hand, the goal of artistic visualization is to communicate a concern. The data need not be deeply
understood, but it should still provide information based on real
data. As artistic visualization is what this project creates, in order
to communicate a concern regarding air quality.
Skog et al create a visualization of bus departure time data based
on Mondrian’s style, and argue that information visualization can
be employed to make dynamic data more useful and appealing.
This project is similar to mine in that it uses Mondrian’s style to
convey information, but di�erent in that its purpose is not to spread
awareness.

5.2

Arduino and Air Quality

Ali et al. built an Arduino air quality system, which has more speci�cations, such humidity and temperature monitoring, which would
be a great future work for this project. In this case, simplicity is key,
and the more elements we add, the harder it becomes to abstract
away details. The techniques used in this system are informative,
but much of it would not be necessary in building a tool which
has the purpose of spreading awareness. The human brain is only
capable of holding so much information at a time, and and giving
viewers the least amount of informative data they need is the best
way to make them remember it.
Kim and Paulos create a simple air quality measurement system,
called inAir, which provides a visualization of the data. The goal
of that work is indeed to spread awareness and provide a simple
visualization for the home, but that is (1) meant for use in a home
(2) provides a pragmatic visualization, which does not catch the eye
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of the viewer as well as an artistic visualization would, especially
in a public area.

6

FUTURE WORK

With an addition of Wi-Fi enabled Arduino boards, ECAir can be
set up to provide an aesthetically pleasing, real-time visualization
for pollution data in large cities, which it is mostly set up to be able
to do. To make the visualization even more inviting, connecting it
to a website could allow access to the visualizations, and possible
interactive features. An example of those features is the ability
to check what the visualization looks like on a certain day or at
a certain time. It can also be changed to make the color choice
absolute instead of relative, which can also be an interactive website
option.

7

CONCLUSION

ECAir is a preliminary device for one that can be more elaborate,
but use the same basic principles. Using a�ordable and accessible
tools to measure air pollution, or any variable, and use an algorithm
to convert that data into an aesthetically pleasing data visualization.
Using Wi-Fi, a database, and well-packaged devices, this could be
made into a real-time tool which can be used in large cities and areas
where air pollution is a true problem. This will invite the viewers
to look closer, and will add an artistic element to the environment,
in the form of informative art.
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