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Abstract The Sustainable Development Goals (SDGs) are a universal call to
action addressed not only to governments but also to businesses and civil so-
ciety. In this scenario, Universities play a key role in achieving the SDGs and,
also, in creating awareness about these global issues. As an example, the Uni-
versity of Bologna is carrying out several initiatives related to sustainability
matters. Considering, in particular, the environmental dimension, the Univer-
sity undertook different strategies to reduce the waste of paper, embracing the
dematerialization and paperless movements. To make these initiatives visible
to the University community and to increase awareness about these issues, we
designed a system that intends to provide data related to the implications of
such initiatives in terms of paper waste avoided and benefits for the environ-
ment, to be exploited using different devices. In particular, this study focuses
on the design and the evaluation of two infographics, conceived by two differ-
ent groups of experts and researchers: one “animated” and one “aesthetic”. The
evaluation intends to present the differences in terms of perceived design and
informative dimensions, with the final aim to present insights on the design of
infographics able to foster awareness, targeting specific communities.
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1 Introduction

Humanity is facing several global challenges, including those related to poverty,
hunger, inequality, climate change, decent employment, and peace and justice.
In 2015, the general assembly of the United Nations defined a universal call
to action, titled Transforming our world: the 2030 Agenda for Sustainable
Development, which aims to address these major challenges, in order to achieve
a better and more sustainable future for all [35,31]. Such a roadmap groups
the issues in 17 Sustainable Development Goals (SDGs), each one presenting
targeted actions to mobilize global efforts to end poverty, protect the planet
and ensure that all people enjoy peace and prosperity, by 2030 [35,31].

The SDGs seek worldwide actions among governments, businesses, and
civil society. Since its definition, the agenda was adopted by 193 states at
the United Nations and all governments worldwide have agreed to its goals.
Nonetheless, its success relies heavily on actions and collaborations by all ac-
tors. Accordingly, fundamental is the effort of companies and institutions to
align their strategies as well as to measure and manage their contribution to
the realization of the goals [13], as stated by Ban Ki-moon, Secretary-General:
“Companies can contribute through their core activities, and we ask companies
everywhere to assess their impact, set ambitious goals and communicate trans-
parently about the results” [13]. Likewise, universities in Europe and around
the world are crucial to global sustainable development [5].

In this context, the University of Bologna puts in place different strategies
and actions to achieve the SDGs, focusing, in particulars, on four dimensions:
teaching, research, third mission, and institution [9]. At the same time, the
University is undertaking actions to reduce its impact on the environment.
One of these actions aims to reduce the use of paper, embracing the paperiess
concept [24]. The idea behinds this concept is really simple: attenuating the
papermaking environmental impact by managing documents (creation, modi-
fication, storage and retrieval) only (or mostly) in digital form, and the impact
of this strategy has been investigated in different contexts, such as office [37,
1], classroom [4,15], University and campus [26,29,44], and society [33,22].

The paperless movement has a two-fold significant positive effect on sus-
tainable development. Firstly, it allows to promote sustainable use of terres-
trial ecosystems and sustainably manage of forests, combating deforestation
(according to the SDG 15). Indeed, forests are a critical foundation to as-
sure sustainable development, reducing the risk of natural disasters, including
floods, droughts, landslides, and other extreme events, and mitigating climate
change through carbon sequestration, contributing to the balance of oxygen,
carbon dioxide and humidity in the air and protect watersheds, which supply
75% of freshwater worldwide [34]. Moreover, forests are crucial for food, water,
wood, energy, biodiversity, and health [38], nonetheless, they are experiencing
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deforestation and degradation. From 2000 to 2013, the global intact forest
landscape area decreased by 7.2%, a reduction of 919,000 km? [41]. People
cut down 15 billion trees each year and the global tree count has fallen by 46%
since the beginning of human civilization [14]. The paper production is one of
the main players behind deforestation: 50% of the world’s industrial logging is
transformed into paper [6]. In fact, despite we entered in the digital era, the
global demand for paper products has actually increased in the last decades
(with a global increase of the 3% per year), evidenced by the more than 350
million tons produced annually [8,47,16].

Secondly, reducing the amount of paper used will benefit the environment
since the papermaking process is toxic, resource-intensive, and uses chemi-
cals and pollutants that are creating major health issues and environmental
degradation. Moreover, the process required to obtain paper pulp (the pri-
mary material used for papermaking), together with the disposal of paper
waste products are the major contributors to greenhouse gas emissions [47].
As a consequence, the pulp and paper industry is one of the largest energy
consumers, greenhouse gases (GHG) and pollutant emitters among manufac-
turing industries. Studies have assessed that the production of one ton of paper
results in circa 950 kg of carbon dioxide (CO,) equivalent greenhouse gases
(GHG) emissions (on average) [48].

In this scenario, technology, and in particular, interactive systems, have
been proven to be a useful tool to increase user awareness about sustainabil-
ity topics and strategies, and, consequently, to foster behavior change [20].
Drawing on previous studies on sustainable HCI (e.g., [19,17,18]), Data Visu-
alization (e.g., [42,25,40]), and public installations to increase awareness (e.g.,
[61,7,27]), we designed a system that exploits different technologies, mixing
digital and reality (as presented in [43]). Here, we detail the design and the
evaluation (engaging people from the University community) of one specific
component of the system: the web-based application to visualize interactive
infographics. In particular, this study focus on the evaluation of two different
interactive infographics, designed to exploit different styles and techniques,
to extract insights related to the design of infographics to increase awareness
about sustainability issues.

The remaining of the paper is organized as follows. We begin with an
overview of previous studies and projects that inspired our approach in the
context of information visualization to communicate sustainability issues and
engage communities. Then, we briefly describe the design, the architecture and
the implementation of the whole system, focusing, in particular, on the design
and implementation of the two web infographics. The evaluation, involving
users from the University community, and the related outcome are then pre-
sented and discussed, together with limitations. Finally, we conclude the paper
with final remarks and future works.
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2 Related Work

Several scholars investigated the use of interactive visualizations, including
both data visualization and infographics, to provoke reflections on sustainable
behaviors and behavior change. For example, in [46], the authors present the
use of an infographic (the Double Pyramid of the Barilla Center for Food
and Nutrition) to promote healthier and more sustainable food consumption.
After an evaluation phase, results show that nutritional messages do have a
significant influence on users involved in the test [46].

In [28], the authors investigated the intuition to design for persuasion. In
doing that, they designed two ambient displays as desktop widgets, repre-
senting a user’ computer usage time, but in different visual styles: a coralog
(because coral reefs are currently being destroyed by the rapid increase in the
amount of CO, dissolved in the ocean and the elevated sea surface tempera-
tures), and a timelog.

Holmes designed artworks that display the real-time usage of key resources
such as electricity in order to prove if such an approach can offer new strategies
to conserve energy in the home and workplace [25]. In particular, the media
art, called 7000 oaks and counting is composed of a sequence of animated
clips using a series of tree images that correspond to the carbon loads in the
building. The trees reflect seasonal variation: fall, winter, spring, and summer
[25].

The Imprint project aimed to bring data into discussions about paper
usage and waste [42]. The project displays in a touch-sensitive LCD display
5 visualizations: i) a tag-cloud that collects commonly printed words and can
serve as a summary of the popular concepts; ii) a visualization to show how
popular a given community member is; iii) a visualization that clusters workers
based on the documents they printed; iv) a pie chart which aggregates the time
that printers are working versus their idle times; v) a visualization depicts the
total amount of energy used to power Imprint itself [42].

In [45], Rist et al. have focused their study on various types of interac-
tive energy visualizations, with particular attention on how the user behavior
and, consequently, his/her energy consumption, changes on the basis of the ex-
ploited visualization. They used the Fogg Behavior Model ([20]) to categorize
interactive visualizations ranging from charts to pictorial or gamified visual-
izations. They aimed to prove that visualizations can increase users’ awareness
and motivate them to reduce their energy consumption.

Another project presents the visualization of an augmented bin with the
relative facebook application that puts users in front of their conscious and
unconscious behaviors concerning their waste management [12,49]. This study
insists on the social component, which relies on every user’s desire to be ac-
cepted by the community and his/her sense of guilt and shame once he/she
realizes his/her waste. To improve users’ awareness and their behavior, they
use an approach based on gamification with a weekly visualization for every
user. This visualization displays the user’s recycling achievements and the food
waste savings in the form of a tree and gold bars.
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To engage public participation and to make them aware of not only sustain-
able issues but also the complexity of sustainable development, in [2], Antle
et al. designed and developed a game on a multi-touch interface on public
venues. They used the concept of collaborative learning to create a game for
seven years old and older people to show them the complexity of balancing
the environment and human needs. To verify that the gameplay leads the user
to be aware of the difficulties in sustainable development, they used a survey
based on 13 questions [3]. The idea of using a public display for people to
interact and to increase their awareness is not new. Similarly, in [36], Odom et
al. present the design and the implementation of an Eco-Visualization in sit-
uated displays. The context was a campus community where they implement
a dynamic visualization to create competition between dormitories. The main
goal was to change the students’ long-term behavior about energy and re-
source consumption. They believed that situated displays could create a more
engaging experience, which can lead to better consumption habits.

An interesting project is the Go and Grow system that presents a living
visualization to increase users’ awareness and to ensure them a more active
lifestyle [10]. The system uses personal data, like steps taken from a tracker,
to properly water a living plant. Also, the authors have provided an online
dashboard to have an alternative way to visualize the data. The system wanted
to prove that abstract or living visualizations are more emotionally engaging
and, accordingly, more capable of produce a behavioral change.

The artwork A Conversation Between Trees has been designed with the
purpose of establishing a live connection - or conversation - between a distant
tree in the Atlantic forest and a local tree at each venue (one of the three se-
lected arts centers located in different UK forests) [27]. The artwork visualizes
environmental sensor data, captured and streamed live from each tree, on two
large displays. Between these visualizations is located the “climate machine”,
an unusual device that visualizes recorded and predicted global CO, levels
by slowly burning circular graphs onto large circular disks of recycled paper.
Moreover, visitors can also experience a walk in the local UK forest during
which they can use a mobile phone to capture and visualize images of the
forest and answering questions about their feeling of being in the forest [27].
This installation represents an example of a piece of “ecologically engaged art”
to open up, stimulate and frame the public debate around sustainability [17].

All these examples provide the powerful of interactive visualization to pro-
mote sustainable behavior. Inspired by them, we designed our system.

3 The Systemm Walkthrough
3.1 The context
In accordance with the paperless and dematerialization movements, during the

last years, the University of Bologna employed several strategies to reduce the
consumption of paper. Due to the University size, which counts a community of
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more than 92.000 individuals including students, faculty, and staff, spread on 5
cities, each initiative has a strong impact on sustainability. This impact can be
calculated in terms of: i) number of trees “saved” (i.e., the amount of wood that
would be required to produce the given amount of paper); ii) kilograms of CO,,
a value that measure the CO, from burning fossil fuels, methane from paper
decomposing in landfills and short-lived climate pollutants, including forest
carbon storage loss from logged forests. These values have been estimated
considering, for each paperless action, the number of paper sheets not used
thanks to the dematerialization strategies, and the “Paper Calculator™®, a web-
based tool which allows calculating the estimated environmental impacts of
different paper choices using a science-based methodology grounded in life
cycle assessment.

Moreover, to make the effort more tangible to its community, the Univer-
sity governance decided to plant new trees in terrains nearby two newly built
campuses; the number of trees that will be planted represents a percentage of
the total number of saved trees avoiding the use of paper. This action has two
positive effects: it allows the University community to enjoy a tangible result
of the paperless strategies, becoming more aware of the University effort, and,
moreover, the trees will benefit the Campus area, in terms of pollution (CO,
sequestration) and noise attenuation capability.

3.2 System overview

To stimulate reflections related to the sustainable strategies undertaken by
the University of Bologna, we designed and implemented a system that takes
advantage not only of online rich contents related to the paperless effort (ex-
ploitable using different devices) but also of the outdoor new green areas that
will be created, so as to collect location-based measures and provide person-
alized visualizations. The whole system comprises different components (em-
ploying different technologies), as depicted in Figure 1 and briefly presented
in the next paragraphs (more details can be found in [43]).

The system includes a sensors infrastructure deployed in the Campus green
areas where the trees will be planted to collect data of environmental condi-
tions such as particulate matter (PM 1.0, PM 2.5 and PM 10), carbon dioxide
(CO,) and carbon monoxide (CO), nitrogen dioxide (NO,) and ozone (O,),
formaldehyde, temperature, related humidity, and air pressure. All these sen-
sors are encapsulated in the CANARIN II sensors station [50]. The idea is
to use these data to provide up-to-date information about the environmen-
tal conditions, through the online contents (exploitable from different devices)
and an in-situ installation.

Using the gathered sensors data, we intend to provide an in-situ public
installation in the Campus green area, equipping a tree with an RGB color
LED string lights. The color of the lights will change accordingly to the level

1 https://c.environmentalpaper.org/
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Fig. 1 The system architecture

of pollution detected in real-time (e.g., “red” if the detected pollution level is
critical; “blue” if the detected pollution level is in the range considered as not
critical but not so low; and so on).

To link the planted trees with the digital contents of the web application,
we prototyped a mobile application (both for Android and iOS devices) able
to read specific Qr-code markers (placed on the proximity of the tree) and
provide AR information about the real-time environmental condition (i.e., the
pollution level) together with details about the paperless actions the University
is undertaking, while exploring the campus green area.

The last key component in our developed system is represented by the
web-based interface that is the focus of this investigation and is presented in
detail in the next section.

4 The Web-based Interactive Infographics

This work is unfolding alongside a growing interest in using ICT and informa-
tion visualization to promote sustainable development. Technology has been
proven to be a useful tool for increasing user awareness about sustainability
topics and for fostering behavior change. This is particularly true considering
interactive systems, that, providing targeted information, can lead to a process
of decision making, persuading and influencing the users [20]. In this scenario,
Information Visualization (InfoVis), defined as the use of visual representa-
tions, provided through the use of computers, to amplify the user’s cognition
by leveraging human visual capabilities to make sense of abstract information,
has become increasingly relevant [21]. The information is displayed using at-
tributes, such as color, shape or size, specifically designed to reveal new data
or to highlight relationships between the data that may not be noticed at first
sight [30]. Interesting is the specific case of infographics (information graphic)
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where elements of data visualization are combined with design to disseminate
data in an attractive and aesthetic fashion [23]. The final aim is always the
same, making sense of data and increasing awareness about a specific issue.

Along the same lines, we decided to exploit information visualization, and,
in particular, infographics, to provide the informative rich contents related to
the different initiatives the University of Bologna is carrying out in favor of
the dematerialization process and in accordance with the paperless movement.
To this end, two interactive infographics have been designed and evaluated to
exploit different techniques and styles.

4.1 The design process

To design the infographics we carried out two distinct brainstorming sessions:

— one involving four researchers in Human-Computer Interaction (HCI) and
data visualization at the department of Computer Science, University of
Bologna (CS group);

— the other one engaging three researchers and experts with background in
storytelling, and web and graphic design from the Interactive Technologies
Institutes, Madeira (ITI group).

Both the sessions lasted circa two hours and a half and began with 10
minutes of introduction, to explain the context and the available data. In
particular, we asked them to design an infographic including the following
information (as design constraints):

1. the number of years the University is carrying out the paperless initiatives;

2. the three main categories used to group the paperless initiatives, i.e., pro-
cess innovation, dematerialization and digital communication;

3. for each category, an overview of the specific implemented projects;

4. for each project: name, description, number of sheets not used, number
of “saved” trees, CO, not produced avoid the papermaking process and
stored by the saved trees, and the number of years such an activity has
been running.

At the end of the two sessions, each group selected one idea to be refined
and implemented. From the CS group, the emerged infographic mainly exploits
interactivity and animations, using the metaphor of leaves on a tree (where
each leaf - circle - represents a project), in an incremental single-page layout;
while, from the I'TT group, the selected infographic mostly exploits storytelling
and aesthetic, recalling correlations between the saved trees (as the result of
the paperless actions) and the new Campus green areas, in a horizontal layout,
where the story is told using different static frames. For these reasons, we
named the first one “Animated infographic” and the second one “Aesthetic
infographic”.
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4.2 Infographics implementation

Both the designed infographics have been implemented exploiting well-known
web-based technologies, such as HTML5, CSS3, and Javascript-based libraries.
Considering the “Animated infographic”, we also take advantage of JQuery UI?
and D3.js® to manage the animations and positioning the virtual leaves, and
frameworks, as Bootstrap®. All used images are in scalable vector graphics
(SVG) format.

Both the infographics implement a three-layer logic to present content: 1.
in the main page it is possible to see an overview of all the categories, 2.
then, it is possible to select a category and to have an overview of all the
projects in such a category, and, finally, 3. data related to a specific project
are presented when selected. The main three screens of the two interactive
infographics are presented in Figure 2 and Figure 3, respectively. In particular,
in both the figures, the first screenshot presents the main page with the general
overview on the three categories, the second one presents the overview of the
projects related to the “dematerialization” (“Dematerializzazione” in the Italian
language) category, and the last one presents details about the “Digital thesis”
(“Tesi digitali” in the Italian language) project.

As depicted, the main page of the “Animated infographic” (on the left
of Figure 2) shows the metaphorical tree with the projects-leaves, the three
macro-categories, and the timeline. The user can then select one category
(highlighted with the yellow color in the central screen in Figure 2), so as
to activate (using AJAX) the information container at the bottom of the
page. Finally, the user can select one single project, to visualize its details
(on the right of Figure 2). This interface exploits an incremental single-page
layout for a vertical-based navigation experience. Moreover, to engage users,
we exploited a combination of illustrations, text and other elements that are
animated to add movement and catch the user’s eye. The same three layers
logic is employed in the “Aesthetic infographic”, where, instead, the interaction
is based on three static (not animated) frames that provide the different levels
of details, in a horizontal-based navigation fashion (as shown in Figure 3). In
this infographic, the main idea is to show the green area of the campus (with
the campus building in the background), creating a narrative link between the
paperless initiatives and the planted trees in the renewed green area.

5 The evaluation

Developed the two infographics, we engaged users in an evaluation, as pre-
sented below.

2 https://jqueryui.com/
3 https://d3js.org/
4 https://getbootstrap.com/
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Fig. 3 The “Aesthetic infographic" horizontal-based navigation

5.1 The methodology

To evaluate the two infographics, we developed an online questionnaire (us-
ing Google Forms), in order to collect feedback from the University commu-
nity (including undergraduate, graduate and Ph.D. students, faculty and staff
members), who will benefit from the visualizations.

The issue of evaluating infographics has been investigated in different stud-
ies (see, for example, [39,23,52]). As a framework to drive our evaluation,
defining which dimensions to analyze, we put into practice the one presented
in [32]. In such a study, the authors present a user study conducted on two
versions, i.e., one interactive and one static (a simple snapshot of the inter-
active one) of a series of three infographics related to weather forecasts, uni-
versity ranking, and countries well-being. Going through a detailed process,
the authors observed that users expressed clear preferences for the interac-
tive infographics. Drawing on this outcome, the goal of this study is differ-
ent: comparing two different interactive infographics that differ in the design
and graphic style, and level of interactivity and storytelling, while presenting
the same data, to detect any significant difference in their perceived charac-
teristics. Nonetheless, we opted to draw on their study and to employ the
resulting model for the assessment of the different qualities (inspired by the
“Visualization wheel” [11]) as the framework for our investigation. In partic-
ular, for each infographic, we were interested to investigate: i. six informa-
tion quality dimensions (i.e., sinteticity, clarity, informativity, intuitivity,
attractiveness, elegance), measured using a 6-points ordinal Likert-scale (1 -
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strongly disagree; 2 - disagree; 3- somewhat disagree; 4 - somewhat agree;

5 - agree, 6 - strongly agree); and ii. six design quality issues (i.e., es-
sentiality /redundancy, abstraction/figuration; functionality /decoration; den-
sity /lightness; originality /familiarity; multidimensionality /monodimensionality),
measured using a ordinal Likert-scale from 1 (first dimension) to 9 (second,
opposite, dimension) (e.g., 1 - essentiality to 9 - redundancy and 5 - neutral).
All the details about these dimensions and issues are presented in Locoro et
al. study [32].

The questionnaire encompassed four sections:

1. General info: items related to the users, such as gender, age, background,
role inside the University community (i.e., undergraduate, graduate and
Ph.D. student, faculty member, staff member);

2. Animated infographic: we provided respondents with screenshots of the
infographic, and we asked them to evaluate the dimensions of interest an-
swering to the information quality items plus the design quality items.
Moreover, we provided them with the link to the working infographic and
we asked them to answer to contextual questions (two), looking for the
answers interacting with the infographic. An example of the question is:
“How many paper sheets have been avoided thanks to the digitization of
the Tesi Digitali project?”;

3. Aesthetic infographic: this section comprises the same items of the previous
one, considering the corresponding screenshots. Also in this case, we pro-
vided respondents with the working link to the infographic and we asked
them the task of interacting with the infographic and writing the answer
to the proposed two questions (different from the ones presented in the
previous section);

4. Awareness questions: to collect preliminary insights of the relevance of such
infographics considering the possibility to use them as a tool to foster
environmental awareness, we asked users if they feel more aware about
environmental issues after having interacted with the infographics (to be
answered by selecting a value on a 5-points ordinal Likert-scale - strongly
disagree; disagree; neutral, agree, strongly disagree).

For each of the information quality items and design quality issues, besides
the official term, some synonyms or a definition were presented to the respon-
dents, in order to disambiguate their intrinsic meaning as much as possible.

We provided all respondents with the same sequence of questions, while
the items for each question were presented in a randomized order.

5.2 The participants

45 University members answered the questionnaire, recruited inviting CS stu-
dents enrolled at the Web Technologies class (Bachelor’s Degree in Computer
Science), and faculties/staff members, using the snowball sampling method.
All respondents are part of the University of Bologna community. The par-
ticipants sample is characterized as follows: 23 (46%) female and 22 (44%)



12 Catia Prandi et al.

male, with age ranging from 19 to 64, with 29 (64%) with an age between 19
and 25; 13 (29%) undergraduate students, 18 (40%) graduate students, 3 (7%)
Ph.D students (for a total of 34 students out of 45), 7 (15%) Faculty members
and 4 (9%) staff members (for a total of 11 “non-students”). The students are
mostly from CS (26); the remains are enrolled in different degrees, including
environmental sciences, psychology, education, economics, and marketing.

6 Results and discussion

The collected data were analyzed to highlight emerging insights, comparing
the two infographics and the different dimensions, grouped by information
quality issues and design quality issues.

Before performing the below-presented analysis, for all the statistical tests,
we applied standard procedures of statistical hypothesis testing by adopting a
confidence level of 0.95 and a significance level of 0.05. In particular, we com-
puted Pearson Correlation between the dimensions (expressed with a value
from -1 - negative correlation, to +1 - positive correlation), to test the null
hypothesis: there are no significant correlations between the proposed dimen-
sions. Results show a positive correlation with all the couples of dimensions,
with a p-value < 0.05.

6.1 Information quality issues analysis
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Fig. 4 Information quality dimensions. The distribution of the respondents’ value (from 1
to 6): animated infographic (right) and aesthetic infographic (left)

Figure 4 displays the values assigned by the participants to the two in-
fographics, considering the information quality issues analysis. It is possible
to observe that the majority of participates considered both the infographics
informative, clear, and synthetic. In particular, aggregating the “positive” an-
swers (4 - somewhat agree, 5 - agree, and 6 - strongly agree), we can notice
a similar trend for the two infographics and the following dimensions (consid-
ering the animated and the aesthetic infographics respectively): informativity,
82% and 73%; intuitivity, 67% and 64%, sinteticity, 84% and 82%; clarity,
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71% and 71%. Besides that, two interesting issues emerged: in general, the
aesthetic infographic appears more elegant and attractive if compared with
the interactive one. In fact, 69% of users positively agreed with the attrac-
tiveness dimension of the aesthetic infographic (versus 44% if focusing on the
animated infographic). Moreover, the elegance dimension provided interesting
insights. If we check the aggregate amount of positive values, we have that 53%
and the 67% of respondents found the infographics (the animated one and the
aesthetic one, respectively) elegant; but if we focus on the values obtained by
the animated one, it is possible to notice that 31% of users selected strongly
agree and 22% selected agree, solidly asserting the elegance characteristic of
such an infographic.

Informativity Elegance Attractiveness
o] 1 1 0 0 0 [4] 0 1 0 0 0 0 0 2 2 0 0
2 0 2 1 0 1 3 0 2 2 0 1 1 2 0 0 0
0 0 2 3 0 0 1 0 4 1 0 0 1 1 2 2 0 0
0 0 1 3 4 1 0 2 3 1 0 0 0 4 2 2 0 0
0 1 0 4 8 2 0 2 1 7 2 2 0 2 5 4 4 1
0 0 0 0 3 6 0 0 3 0 6 1 0 0 2 1 2 2
Intuitivity Sinteticity Clarity
0 0 1 1 0 0 1 1 0 0 0 0 (0] 1 0 1 0 0
1 2 2 0 0 0 0 0 0 1 0 0 0 2 1 1 0 0
2 0 2 2 1 2 0 0 4 0 1 0 0 1 3 0 2 1
0 1 1 7 2 1 0 0 1 5 2 0 0 1 2 3 3 1
0 1 1 3 6 1 0 0 0 5 8 4 0 0 2 3 5 3
0 0 1 0 2 2 0 0 0 0 5 7 0 0 0 1 4 4

Fig. 5 Information quality dimensions. The number of participants who selected the same
couple of answers: the column represents the animated infographic score while the row
represents the aesthetic infographic score

Figure 5 presents every dimension as a table where each cell represents
the number of participants who selected the same pair of values to answer the
same question for both the infographics. The selected score is represented by
the number of the column for the animated infographic and the number of the
row for the aesthetic infographic. To better explain with an example, taking
the first table in Figure 5, and considering the value in column 4 and row
2 (that is 2), this can be read as: two users assigned the score 4 (#column)
to the animated infographic and the score 2 (#row) to the aesthetic one.
Interesting is to notice that the cells in the diagonal (the green cells in Figure
5) represent the number of users who assigned the same score to both the
infographics, while the cells in its immediate proximity (the yellow cells in
Figure 5) represent the number of users who assigned similar value (with a
difference of +1 or -1) to the two infographics. As an example, considering the
second table (i.e., Elegance), the cell in column 4 and row 5 is telling us that
7 users selected the value 4 (somewhat agree) for the animated infographic
and the value 5 (agree) to the aesthetic infographic. An interesting result to
highlight is that, for each question, the number of users in the diagonal (i.e.,
the number of users who selected the same score for both the infographics) and
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in its immediate proximity (i.e., the number of users who assigned similar score
to both the infographics) represents the majority of users. In other words, the
majority of the users didn’t find any difference or just a little difference (4 /-
1) comparing the two infographics, considering a specific information quality
issue. To better see this result with the data, the number of users considering
the yellow plus the green cells represents: informativity, 87%; elegance, 69%;
attractiveness, 58%; intuitivity, 73%; sinteticity, 96%; clarity, 78%.

To have a complete overview of the relevance of all the dimensions per
infographics, we computed the median value for each dimension and we plotted
these data on a radar chart. The outcome is depicted in Figure 6 were it is
well visible how the elegance and attractiveness dimensions are impacting more
the aesthetic infographic, while clarity seems better describing the animated
infographic.

Informativity
5

Elegance

— Animated infographic
Aesthetic infographic

~_— Attractiveness

Intuitivity

Fig. 6 Information quality dimensions. The median values obtained by the two infographics

Moreover, considering the different backgrounds and age of the involved
participants, and their role within the University community, we decided to
divide the collected results considering students (undergraduate, graduate,
Ph.D.), and non-students (faculty and staff members). The outcome, consid-
ering the median value is presented in Figure 7. Interesting is to notice that for
the intuitivity and sintenticity issues, the median values are exactly the same
for all the groups, while for the other dimensions, it doesn’t seem emerging a
common trend. Considering the elegance and attractiveness dimensions, non-
students seems to provide more distant score than students, while comparing
the two infographics. Surprisingly, when focusing on informativity, it is possi-
ble to notice that students agree on the same score for both the infographics
and, in the same way, non-students.

6.2 Design quality issues analysis

To analyzed the design quality issues, we exploited the same statistical analy-
sis and visualization presented for the other dimensions. In particular, Figure
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Fig. 7 Information quality dimensions. The median values obtained by the two infographics,
grouped by students and non-students

Table 1 Questions and related design quality issues

Questions ‘ Design quality issues
1 Essentiality - Redundancy
2 Abstraction - Abstraction
3 Functionality - Decoration
4 Density - Lightness
5
6

Originality - Familiarity
Multidimensionality - Monodimensionality

8 presents the distribution of the selected value (from 1 to 9) for each question
regarding the animated infographic. Conversely, Figure 9 presents the same
chart but using the data related to the aesthetic infographic. As already men-
tioned in Section 5.1, each question is defined with two opposite issues, so, for
example, the first question (Question 1) goes from 1 (Essentiality) to 9 (Re-
dundancy). All the questions and the related design quality issues are briefly
presented in Table 1.

For each question, the order bars are colored based on the selected score
(as defined in the legend). In these two charts, we grouped the number of
participants who selected the same value, considering each question.

The outcome shows that the users seems perceiving the animated info-
graphic more dense (56% of users selected a value from 1 to 4 in question 4)
than the aesthetic one that is considered more light (49% of users selected a
value from 6 to 9 answering to the same question); conversely, the aesthetic
infographic is considered more original (values from 1 to 4 in question 5) by
71% of respondents (vs 44% for the animated one), and more essential (78%
vs 60%, question 1).

To better understand the outcome, we computed the median values for
these issues and plotted such values in the radar charts depicted in Figure
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Fig. 8 Design quality issues. The distribution of the respondents’ value (from 1 to 9):
animated infographic
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Fig. 9 Design quality issues. The distribution of the respondents’ value (from 1 to 9):
aesthetic infographic

10. To add more details, the visualized median values are calculated using a
dataset created considering two values for every single question. In other words,
in the radar chart, the two issues that are visualized in opposite position are
the two issues concerning the same question (es. question 1 - Essentiality and
Redundancy) and we calculated the two values as one the opposite of the
other in a scale from 1 to 9 (for example, if the user selected 2, it means that
the infographic is perceived strongly essential - value 8, than Redundancy -
value 2). It is the same as having two distinct questions, both from 1 to 9, but
negatively correlated.

Analyzing the radar char in Figure 10 at the top, we can claim that the
issues that better describe the animated infographic, in contrast with the aes-
thetic one, are: multidimensionality, and lightness. On the contrary, the aes-
thetic infographic seems better described by originality and essentiality.
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As we did for the infographic quality dimensions, we grouped the gathered
data considering students and non-students; the outcome is presented is Figure
10, at the bottom. It is interesting to notice that, for the students, the shape
of the radar chart is very similar to the one considering all respondents, on the
contrary, the chart grouping the answers of non-students is different. Besides
that, it is possible to see that essentially and originality remains the design
qualities that better describe the aesthetic infographic. Focusing on the non-
students values, it emerges as relevant a new interesting dimension for the
animated infographic: functionality.

Redundancy

Multidimensionality Figuration

6
5
Originality —7 \f;\ = Decoration
: - Animated infographic
Density 0 Lightness Aesthetic infographic
Functionality Familiarity

Abstraction g Monodimensionalit
N/ y
Essentiality
STUDENTS NON-STUDENTS
Redundancy Redundancy

7 8
Multidimensionality 6 Figuration Multidimensionality 7 Figuration

s

Originality Decoration Originality Decoration

Density Lightness Density Lightness

Functionality Familiarity Functionality Familiarity

Abstraction Monodimensionality Abstraction Monodimensionality

Essentiality Essentiality

Fig. 10 Design quality issues. The median values obtained by the two infographics, grouped
by all (on the top), students and non-students (on the bottom)

6.3 Awareness-related issues analysis

We recall that in the questionnaire we included two open questions for each
infographic where we asked users to compute a task. The task was related to
look for a piece of information relevant in the infographics (either animated or
aesthetic) and to report it correctly. No significant differences were reported
considering the two infographics. In fact, almost all the users answered in
the right way considering the four questions (with the percentage of correct
answers varying from 88% to 93%).

Moreover, we concluded the questionnaire asking if the user was feeling
more aware of environmental issues after having interacted with the infograph-
ics (to be answered by selecting a value on a 5-points ordinal Likert-scale). The
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majority of participants answered in a positive way: 22 (49%) agree and 17
(38%) strongly agree, out of 45 respondents.

6.4 Discussion and limitations

One of the main goals of this study was to evaluate two interactive info-
graphics in order to find if a significant correlation exists between the users’
perceived qualities and dimensions, and the implemented design. To this end,
we designed two interactive infographics (i.e., animated and aesthetic) and we
evaluated them using as a framework the model presented in [32]. The evalu-
ation outcome highlights interesting results. First of all, it is possible to claim
that both the interface obtained high scores when considering the information
quality dimensions, validating our design decisions. Adding more details, the
animated infographic was perceived more clear (clarity dimension) than the
aesthetic one, conversely, the aesthetic infographic was perceived more elegant
(elegance dimension) and attractive (attractiveness dimension). Regarding the
design quality issues, we can maintain that the issues that better describe the
animated infographic are multidimensionality, and lightness, while the aes-
thetic infographic seems better described by originality and essentiality.

Since we engaged the University community, we decided to analyze the
collected data grouping them based on students and non-students. Interesting
results and some differences seem emerging. For examples, for the design qual-
ity issue, focusing on the non-students values and the animated infographic, it
comes into play the functionality dimension, not really interesting when con-
sidering all the data. Instead, considering the information quality dimensions,
non-students seems providing more distant score than students, while compar-
ing the elegance and attractiveness dimensions for the two infographics.

These preliminary results echo the outcome obtained by [32] confirming
the fact that differences exist in the way groups with different characteristics
perceived infographics. Moreover, with this case study we provide exploratory
evidences regarding the possibility to use interactive infographics as a tool to
foster awareness about environmental issues in a University community.

This study comes with limitations, which in turn pose some important
avenues for future research. First of all, to provide significant pieces of evidence
the sample of users involved in the study should be enlarge and more variegated
in terms of background and ages. This is particularly true considering the non-
student members that in this study represented only the 24% (11 out of 45).
Enlarging the dataset will also allow performing other analysis considering
more than one dimensions (gender, background, and so on). Another limitation
of our study is related to measuring the perceived increase of awareness about
environmental issues, including the post-usage retention of information. In
this study, we asked users to interact with the infographics just for the time
to find the content to answer the task. A more comprehensive study should
be performed focusing on measuring awareness.
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7 Conclusions and Future Work

The paper presents a system to visualize information related to the effort pro-
tracted over the last years by the University of Bologna for addressing the
SDGs, and, among other things, towards a more sustainable use of forests, re-
ducing the waste of paper. In particular, the focus of the paper is to present the
design and the evaluation of two interactive infographics employing different
graphical styles and navigation mechanisms. To evaluate the infographics, 45
members of the University of Bologna as been involved in answering an online
questionnaire. Results, analyzed using statistical measures, shows interesting
correlations between the data analyzed, the two infographics, and the different
target audience involved (i.e., students vs faculty /staff members). Moreover,
the majority of users answered in a very positive way (agree plus strongly
agree) to the question related to the awareness gained about sustainability
initiatives thanks to the interaction with the two infographics, confirming our
approach. As future work, this issue related to awareness should be better
investigated, giving the possibility to users to interact with one of the two
infographics for a longer period, and comparing the results.

Acknowledgements We would like to thank all the people who participated in the study,
from the researchers and experts who contributed to designing the interfaces, to the students,
faculty and staff members of the University of Bologna who answered the questionnaire.
Moreover, special thanks go to Ana Bettencourt, the designer who created the aesthetic
infographic design, and Elisa Gasparri who contributed to the web content.

References

1. Aborg, C., Billing, A.: Health effects of ‘the paperless office’—evaluations of the introduc-
tion of electronic document handling systems. Behaviour and Information Technology
22(6), 389-396 (2003)

2. Antle, A.N., Bevans, A., Tanenbaum, J., Seaborn, K., Wang, S.: Futura. In: Proceedings
of the fifth international conference on Tangible, embedded, and embodied interaction
- TEI'11. ACM Press (2011). DOI 10.1145/1935701.1935721. URL https://doi.org/
10.1145/1935701.1935721

3. Antle, A.N., Tanenbaum, J., Bevans, A., Seaborn, K., Wang, S.: Balancing act: Enabling
public engagement with sustainability issues through a multi-touch tabletop collabora-
tive game. In: Human-Computer Interaction — INTERACT 2011, pp. 194-211. Springer
Berlin Heidelberg (2011)

4. Arney, J., Jones, I., Wolf, A.: Going green: paperless technology and feedback from the
classroom. Journal of Sustainability and Green Business 1, 1 (2012)

5. Association, E.U.: Sustainable Development Goals. https://eua.eu/issues/24:
sustainable-development-goals.html. [Online; accessed 19-September-2019]

6. Beckline, M., Yujun, S., Eric, Z., Kato, M.S.: Paper consumption and environmental
impact in an emerging economy. Journal of Energy, Environmental & Chemical Engi-
neering (2016)

7. Bendor, R., Maggs, D., Peake, R., Robinson, J., Williams, S.: The imaginary worlds
of sustainability: observations from an interactive art installation. Ecology and Society
22(2) (2017)

8. Blanco, A., Negro, C., Monte, C., Fuente, E., Tijero, J.: Peer reviewed: The challenges
of sustainable papermaking (2004)



20

Catia Prandi et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

of Bologna, U.: The university of bologna for the u.n. sustainable development goals.
https://site.unibo.it/almagoals/en. [Online; accessed 19-September-2019]

Botros, F., Perin, C., Aseniero, B.A., Carpendale, S.: Go and grow. In: Proceedings of
the International Working Conference on Advanced Visual Interfaces - AVI’16. ACM
Press (2016). DOI 10.1145/2909132.2909267. URL https://doi.org/10.1145/2909132.
2909267

Cairo, A.: The Functional Art: An introduction to information graphics and visualiza-
tion. New Riders (2012)

Comber, R., Thieme, A.: Designing beyond habit: opening space for improved recycling
and food waste behaviors through processes of persuasion, social influence and aversive
affect. Personal and Ubiquitous Computing 17(6), 1197-1210 (2012). DOI 10.1007/
s00779-012-0587-1. URL https://doi.org/10.1007/s00779-012-0587-1

Compass, S.: The guide for business action on the sdgs. World Business Council for
Sustainable Development (WBCSD): Geneva, Switzerland (2015)

Crowther, T.W., Glick, H.B., Covey, K.R., Bettigole, C., Maynard, D.S., Thomas, S.M.,
Smith, J.R., Hintler, G., Duguid, M.C., Amatulli, G., et al.: Mapping tree density at a
global scale. Nature 525(7568), 201 (2015)

De Bonis, S., De Bonis, N.: Going green: Managing a paperless classroom. Online
Submission (2011)

DeRosa, J.: The green pdf: Reducing greenhouse gas emissions one ream at a time.
Retrieved on June 24, 2017 (2007)

DiSalvo, C., Sengers, P., Brynjarsdottir, H.: Mapping the landscape of sustainable hci.
In: Proceedings of the SIGCHI conference on human factors in computing systems, pp.
1975-1984. ACM (2010)

Dourish, P.: Hci and environmental sustainability: the politics of design and the design
of politics. In: Proceedings of the 8th ACM conference on designing interactive systems,
pp. 1-10. ACM (2010)

Egan, C., Benyon, D.: Sustainable hci: Blending permaculture and user-experience.
In: Proceedings of the 2017 ACM Conference Companion Publication on Designing
Interactive Systems, pp. 39-43. ACM (2017)

Fogg, B., Cueller, G., Danielson, D.: Motivating, influencing, and persuading users: An
introduction to captology. In: The human-computer interaction handbook, pp. 159-172.
CRC Press (2007)

Gershon, N., Eick, S.G., Card, S.: Information visualization. interactions 5(2), 9-15
(1998)

Gupta, S.: Paperless society-from vision to fulfillment. Global Journal of Enterprise
Information System 7(1) (2015)

Harrison, L., Reinecke, K., Chang, R.: Infographic aesthetics: Designing for the first
impression. In: Proceedings of the 33rd Annual ACM Conference on Human Factors in
Computing Systems, pp. 1187-1190. ACM (2015)

Hill, J.N.: The paperless movement. Undergraduate Honors Theses (2015)

Holmes, T.G.: Eco-visualization: combining art and technology to reduce energy con-
sumption. In: Proceedings of the 6th ACM SIGCHI conference on Creativity & cogni-
tion, pp. 153-162. ACM (2007)

Igbal, H., Ahmed, F.: Paperless campus: the real contribution towards a sustainable
low carbon society. IOSR Journal of Environmental Science, Toxicology and Food
Technology 9(8), 10-17 (2015)

Jacobs, R., Benford, S., Selby, M., Golembewski, M., Price, D., Giannachi, G.: A conver-
sation between trees: what data feels like in the forest. In: Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, pp. 129-138. ACM (2013)

Kim, T., Hong, H., Magerko, B.: Designing for persuasion: toward ambient eco-
visualization for awareness. In: International Conference on Persuasive Technology,
pp. 106-116. Springer (2010)

King, K., Toland, J.: ipads and the paperless office: the impact of tablet devices on
paper consumption in higher education. Journal of Applied Computing and Information
Technology 18(1), 1-12 (2014)

Kosara, R.: Presentation-Oriented Visualization Techniques. In: IEEE Computer
Graphics and Applications, vol. 36, pp. 80-85. IEEE Computer Society (2016). DOI

10.1109/MCG.2016.2



Title Suppressed Due to Excessive Length 21

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Lee, B.X., Kjaerulf, F., Turner, S., Cohen, L., Donnelly, P.D., Muggah, R., Davis, R.,
Realini, A., Kieselbach, B., MacGregor, L.S., et al.: Transforming our world: implement-
ing the 2030 agenda through sustainable development goal indicators. Journal of public
health policy 37(1), 13-31 (2016)

Locoro, A., Cabitza, F., Actis-Grosso, R., Batini, C.: Static and interactive infographics
in daily tasks: A value-in-use and quality of interaction user study. Computers in Human
Behavior 71, 240-257 (2017)

McMullen, A.: Paperless society? what a load of scrap. The Bottom Line 24(1), 58-60
2011

1(\Tatioils, U.: Forests. https://sustainabledevelopment.un.org/topics/forests
(2015). [Online; accessed 15 March 2019]

Nations, U.: Transforming Our World, the 2030 Agenda for Sustainable De-
velopment. http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
(2015). [Online; accessed 15 March 2019

Odom, W., Pierce, J., Roedl, D.: Social incentive and eco-visualization displays: Toward
persuading greater change in dormitory communities. In: Workshop at OZCHI 2008
2008

E)rant)es—J imenez, S.D., Zavala-Galindo, A., Vazquez-Alvarez, G.: Paperless office: a new
proposal for organizations. Systemics, Cybernetics and Informatics 13(3), 47-55 (2015)
Pimentel, D., McNair, M., Buck, L., Pimentel, M., Kamil, J.: The value of forests to
world food security. Human ecology 25(1), 91-120 (1997)

Plaisant, C.: The challenge of information visualization evaluation. In: Proceedings of
the working conference on Advanced visual interfaces, pp. 109-116. ACM (2004)
Pokri¢, B., Kréo, S., Pokri¢, M., Knezevi¢, P., Jovanovi¢, D.: Engaging citizen commu-
nities in smart cities using iot, serious gaming and fast markerless augmented reality.
In: 2015 International Conference on Recent Advances in Internet of Things (RIoT),
pp. 1-6. IEEE (2015)

Potapov, P., Hansen, M.C., Laestadius, L., Turubanova, S., Yaroshenko, A., Thies, C.,
Smith, W., Zhuravleva, 1., Komarova, A., Minnemeyer, S., et al.: The last frontiers of
wilderness: Tracking loss of intact forest landscapes from 2000 to 2013. Science Advances
3(1), e1600821 (2017)

Pousman, Z., Rouzati, H., Stasko, J.: Imprint, a community visualization of printer data:
designing for open-ended engagement on sustainability. In: Proceedings of the 2008 ACM
conference on Computer supported cooperative work, pp. 13-16. ACM (2008)

Prandi, C., Ceccarini, C., Salomoni, P.: Augmenting good behaviour: Mixing digital and
reality to promote sustainability in a campus community. In: Proceedings of the 5th
EAT International Conference on Smart Objects and Technologies for Social Good, pp.
189-194. ACM (2019)

Prandi, C., Monti, L., Ceccarini, C., Salomoni, P.: Smart campus: Fostering the commu-
nity awareness through an intelligent environment. Mobile Networks and Applications
pp. 1-8 (2019)

Rist, T., Masoodian, M.: Promoting sustainable energy consumption behavior through
interactive data visualizations. Multimodal Technologies and Interaction 3(3), 56
(2019). DOI 10.3390,/mti3030056. URL https://doi.org/10.3390/mti3030056

Ruini, L., Ciati, R., Marchelli, L., Rapetti, V., Pratesi, C.A., Redavid, E., Vannuzzi, E.:
Using an infographic tool to promote healthier and more sustainable food consumption:
the double pyramid model by barilla center for food and nutrition. Agriculture and
agricultural science procedia 8, 482-488 (2016)

Smith, R.: The environmental sustainability of paper

Sun, M., Wang, Y., Shi, L., Klemes, J.J.: Uncovering energy use, carbon emissions and
environmental burdens of pulp and paper industry: A systematic review and meta-
analysis. Renewable and Sustainable Energy Reviews 92, 823-833 (2018)

Thieme, A., Comber, R., Miebach, J., Weeden, J., Kraemer, N., Lawson, S., Olivier,
P.: "we’ve bin watching you". In: Proceedings of the 2012 ACM annual conference on
Human Factors in Computing Systems - CHI’12. ACM Press (2012). DOI 10.1145/
2207676.2208394. URL https://doi.org/10.1145/2207676.2208394

Tse, R., Monti, L., Prandi, C., Aguiari, D., Pau, G., Salomoni, P.: On assessing the
accuracy of air pollution models exploiting a strategic sensors deployment. In: Proceed-
ings of the 4th EAI International Conference on Smart Objects and Technologies for
Social Good, pp. 55-58. ACM (2018)



22

Catia Prandi et al.

51.

52.

Valkanova, N., Jorda, S., Tomitsch, M., Vande Moere, A.: Reveal-it!: the impact of a
social visualization projection on public awareness and discourse. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, pp. 3461-3470. ACM
(2013)

Vatavu, R.D.: On designing interactivity awareness for ambient displays. Multimedia
tools and applications 66(1), 59-80 (2013)



