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ABSTRACT
Raising awareness of users’ energy consumption in non-residential
buildings like offices or universities is an essential step toward a
global decrease of energy use. A popular solution is to have a visual
dashboard with general information about energy use on display
to the public. While easy to implement, such solutions have been
shown to not be very engaging for people and thus, mostly ignored.
In this paper, we investigate the use of a mobile application as
an alternative solution to a dashboard display, to increase energy
awareness of building occupants. The application takes the form of
a daily quiz about the building’s energy consumption. We evaluate
our solution in a field study in which we compare it to a dashboard
display. Our results suggest that while both solutions increased
energy awareness when used, and more generally the understand-
ing of the building’s energy behaviour, the mobile application was
more engaging.

CCS CONCEPTS
•Human-centered computing→Ubiquitous andmobile com-
puting design and evaluationmethods; • Software and its en-
gineering→ Interactive games.
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1 INTRODUCTION
Increasing environmental and technical issues associated with cur-
rent resource scarcity, such as energy shortage and increased green-
house gas (GHG) emissions, have raised concerns about current
energy consumption trends throughout the world [2]. Among all
the sectors involved in energy consumption, buildings represent a
considerable percentage of the energy usage. The building sector
is responsible for over 40% of primary energy use and 40% of total
GHG emissions in most countries[2]. In Australia, for instance, the
energy consumption from the building sector accounts for 23% of
the total GHG emissions and non-residential buildings cause 8-10%
of the emissions [3, 8]. Nowadays many techniques are adopted to
reduce energy usage in buildings including energy-efficient light-
ing, facilities and intelligent controls [20], yet to improve efficiency
levels, it is necessary to involve occupants in the energy conserva-
tion. To be more engaged in saving energy, their energy awareness,
i.e. to understand how energy is used in buildings, is required. To
increase occupants’ awareness of building energy usage, energy
awareness feedback is usually involved. The main solution in non-
residential buildings is to use a public display or website [6, 10].
However, there are issues with both approaches, in particular, they
provide limited personal interaction and are not portable. Another
solution, often used for residential energy feedback in particular,
is a mobile application [16, 27]. In this paper, we explore the use
of a mobile application to raise users’ energy awareness in non-
residential buildings and explore if it is more effective for raising the
occupant’s awareness of the building’s energy use in comparison
with a dashboard display.

2 RELATEDWORK
Occupants’ EnergyAwareness inCommercial Buildings: Stud-
ies have found that occupants’ energy awareness and associated
behaviours greatly impact energy consumption in commercial build-
ings [12, 20]. People’s lack of energy awareness could lead to a
significant waste of energy in commercial buildings. According
to Masoso and Grobler [20], over 50% of energy is used during
non-working hours in commercial buildings because occupants are
unconscious to save energy and fail to switch off equipment when
leaving. These findings highlight the importance of raising occu-
pants’ energy awareness in commercial buildings. However, there
are barriers and challenges to motivate occupants in commercial
buildings that typically do not appear in household contexts. Occu-
pants are less motivated to save energy since they do not need to
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pay the bill, and they feel less responsible for energy consumption
because the non-residential building is usually a shared environ-
ment and individual energy usage remains indistinct [4, 11, 19].
Energy Awareness Feedback and Visualisation:We reviewed
typical interface features of selected energy feedback examples that
focus specifically on energy usage in commercial buildings. Most
of them provide history comparison and real-time energy usage
[18, 21, 25]. Charts are frequently used for historical comparison
because they allow a quick overview of the data and trends over
time [14, 22]. Normative comparison, which refers to comparing
energy usage with similar groups of individuals such as friends or
colleagues, is included in half of the selected feedback [5, 18, 21].
Especially, in the three feedback examples marketed for increasing
energy awareness of normal users in commercial buildings (Lucid’s
Building Dashboard, Quality Attributes’ GreenTouchScreen, and
QA Graphics’ EEED), where normative comparison is one of the
primary features [18]. Novel visualisations, such as virtual objects,
have recently been adopted for energy awareness feedback. For
example, to represent energy usage using different health conditions
of a virtual chicken and tree or the amount of fish in a digital
aquarium [4, 7, 21].
Mobile Applications for Energy Awareness:We also reviewed
mobile applications targeting raising awareness of energy con-
sumption. Most mobile applications we reviewed are game-based.
Gamification is the process to apply elements of game design in
non-game contexts [23]. It is frequently used and reported to be
effective to motivate employees’ engagement in workplaces [13, 23].
Almost all the mobile applications are reported to be effective on
motivating energy saving behaviours. However, in contrast to ex-
tensive studies in domestic buildings [16, 26, 27], little research has
focused on the investigation of energy awareness mobile applica-
tions in commercial building settings [5, 24]. This finding highlights
the value of our research which presents a mobile application for
energy awareness feedback in a non-residential building context.

3 MOTIVATION
We conducted a survey to collect energy awareness and expecta-
tions for the mobile application from 15 users in three different
buildings on a large university campus. The three buildings were
selected because public energy displays were currently adopted.
Participants were contacted personally in the ground floor of target
buildings and were asked to complete a 10-minute questionnaire
with 30 multiple choice questions and 6 open-ended questions. The
results of the survey shows that 93% of the participants were un-
aware of the energy consumption in their buildings. More than
50% of respondents had never noticed the energy display in the
building. Out of those who noticed the dashboard, only 1 person
reported knowing the energy consumption in the building. People
also reported that the current display was too small and the energy
informationwas hard to see and investigate. Out of the 15 responses,
more than half of the participants believed that a mobile application
would be quite useful to help users in the building to understand
energy consumption. When inquiring occupants’ preference, half
of the participants preferred a mobile application when the other
half preferred the public display.

Figure 1: Screenshots of the mobile application interface

When asking building users if the mobile application should be
developed as a game, 60% of the participants held a negative view
for a game, while 40% of people were optimistic about a game-based
mobile application.

4 PROTOTYPE
In accordance with the findings from prior work and our survey
results, we sought to limit the gamification elements in the applica-
tion and reach a middle ground between an informative application
and a game. For this study, we designed the application for Android
operating systems. Figure 1 shows the interface of the prototype
mobile application.

Users need to verify their identifications and select a building.
Then they can enter the building’s home page where they can see
their current lives and points and choose one of three different
energy related utilities, electricity, water and gas (solar is currently
unavailable), to gain knowledge about. After accessing the selected
utility, there are various difficulty levels of quiz questions. Users
must start from the easiest level and the proceeding level will be
unlocked as each question is correctly answered. If the answer is
correct, one point will be added to the user, also an explanation of
the question and related energy consumption knowledge will be
displayed on the screen.

We designed the quiz questions based on the results of the moti-
vation survey and a data analysis of historical energy consumption
of electricity, water and gas collected from the targeting building.
Questions are multiple choice with three options. Since the appli-
cation is used as an educational tool for increasing building users’
energy awareness, we adopted Bloom’s Cognitive Taxonomy [1] to
classify educational learning objectives into levels of complexity
and specifically, to identify difficulty levels of the quiz questions.

5 STUDY
To validate the design of our prototypewe performed an exploratory
study where we compared the mobile application to a simulation
of a public display. The study was performed in the wild, meaning
that participants were asked to use one of two solutions in their
everyday life for 5 consecutive days. In the study, we wanted to
assess the impact of the two solutions on Energy Literacy and Energy
Awareness.
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Figure 2: Screenshot of the energy website interface

To compare the mobile application and the dashboard display,
the participants were divided into two groups: Mobile group and
Dashboard group. Volunteers in the Mobile group played with our
prototype mobile application using their own smartphones. While
an online energy dashboard was provided for participants in the
Dashboard group. The energy information on the online dashboard
was the same as that in the mobile application and was updated
daily (see Figure 2).
Participants: Nineteen volunteers participated in the user study.
All the participants are building users from the selected university.
The volunteers were recruited by a participant recruiting poster
which was put on the wall of the targeting building a week before
the study started. There were 9 Android users in the Mobile group
and 10 non-Android users in the Dashboard group.
Procedure: The study was conducted for one week (5 weekdays)
from Monday to Friday. On Friday before the study week, an in-
formation email introducing the whole process of the study and
distinct participant IDs were sent to all participants. On the Monday
of the study week, a link to the pre-questionnaire was sent to all the
participants. A link to download the mobile application was also
sent to the Mobile group, while a link to the online energy dash-
board was sent to the Dashboard group. Participants were asked to
fill in the pre-questionnaire before they started using the mobile
application or investigating the energy report website. On Friday
after the usage of mobile application or website for 5 days, a link to
the post-questionnaire was sent to all participants to collect their

understanding and awareness of energy consumption and their
feedback about the intervention.
Measures:Wemeasured participants’ energy literacy, energy aware-
ness, activities and feedback during the study. Energy Literacy –We
measured energy literacy at the beginning and end of the study in
the pre and post questionnaires. We took inspiration from the En-
ergy Literacy test developed at Clarkson University [9] which has
been used extensively in many studies [15, 17]. Due to the length
and some questions being irrelevant to the topic we chose to adapt
it to our context. The modified energy literacy test includes two
sections: the cognitive section (12 multiple choice questions) and
the self-awareness section (10 questions of rating in a 5-level Likert
scale their awareness and attitudes towards energy conservation).
We then compared participants’ energy literacy before and after
the study with the scores.
Energy Awareness – Similarly to energy literacy, we measured en-
ergy awareness before and after the study in the pre and post
questionnaires. We asked participants to rate in a 5-level Likert
scale their awareness of the building consumption of the three
main types of energy: Electricity, Water, and Gas. We can then
compare how energy awareness increased during the study in both
conditions.
Participants’ Activities – We recorded the Mobile group’s logins
per day and time spent on the game, which can be used to reflect
participants’ usage of the mobile application and help with the eval-
uation of users’ commitment to the application. Users’ responses
to the quiz questions were recorded as well. This information can
be used to calculate their correct rate which can indicate users’ un-
derstanding of the energy consumption. The trends of the changes
on correct rate from the first day to the last day can reflect users’
transformation of energy awareness.
Feedback – For the Mobile group, 16 multiple-choice questions and 1
open-ended question were included in the post-study questionnaire
to collect feedback for the mobile application. The questions asked
users’ frequency of usage, feedback of the application’s usability,
preferred features in the future and comments for improvement.

6 RESULTS
In this section, we present the analysis of the result regarding the
energy literacy, energy awareness, application usage and feedback.
Of the 19 participants, 4 did not fill the post study questionnaire (3
Mobile and 1 Dashboard), therefore their results are not taken into
consideration in the remainder of this section.
Energy Literacy: Figure 3 presents the percentage of correct an-
swers for the Energy Literacy Test before and after the study in
both conditions. We first compare the evolution of this percentage
before and after the study. The Shapiro-Wilk normality test showed
the difference followed a normal distribution. A paired t-test did
not show any differences between the percentage before and after
the study (𝑝 = 0.75).
Building Energy Awareness: Figure 4 shows the distribution of
the answer to the Likert scale before and after the study, for the
three types of energy in both conditions. We can clearly see that
the awareness of the consumption of the three types of energy
increased in both conditions.
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Figure 3: Percentage of correct answers for the Energy Lit-
eracy Test for Mobile and Dashboard conditions before and
after the study. The error bars represent the standard error.

Figure 4: Distribution of the participants’ answer to the Lik-
ert scale about energy awareness for the 3 types of energy
(Electricity,Water, and Gas), for both conditions (Dashboard
and Mobile) before and after the study.

Answers to Quiz Questions:Most of the users tried to answer all
three questions of the day until they got them correct, while there
was one participant only accessed the questions of electricity and
water consumption and quit the game without knowing the correct
answers. The average correct rate per day seems good as the correct
rates of the first four days are at least 70%. The correctness dropped
to 50% on Day 5, which is reasonable because questions on Day 5
were the hardest given the difficulties of questions increased with
the study process.
Application Usage: There were 34 logins in total during the study.
All the 9 app users logged into the application during the first two
days of the 5-day study. However, 3 of the app users no longer
logged in from Day 3. On Day 4, only 4 users played the game,
while the number of active users went up to 6 on Day 5. There were
4 users logged into the application every day throughout the study
period. The most popular login times were 10 am to 11 am and 11
pm to 12 am. Out of the 34 logins, 20 (59%) of them happened in
non-working hours or during lunch time. The average time users
spent on the application was around 2 minutes.

For the Dashboard group, 4 users reported visiting the website
everyday, 3 users accessed the website for 3-4 days and 2 users
visited for 1-2 days. For each day, 4 users spent 5-10 minutes on the
website, 3 users reported spending less than 5 minutes and 2 users
spent 10-15 minutes.

Feedback: All participants in the Mobile group responded that the
application was easy to use, and they believe most people can learn
to use this app quickly. Overall, 67% of the participants ranked the
idea of this application as very interesting and the last 33% reported
it as moderately interesting.

Users’ feedback about the informativeness of the application
and the difficulty of the questions in the game varies a lot, which
may be caused by the different levels of their previous perceived
knowledge about energy consumption.

Also, some participants in the study suggested the visualisation
and the ways of presenting knowledge about energy consumption
should be improved. They reported that text and statistical figures
was sometimes boring, which made them unwilling to read explana-
tions thoroughly and gain further knowledge from the application.

When asked a question about features that could potentially be
included in the app, 67% of the users were interested in the team
competition and 50% thought communication between different
buildings was appealing.

In addition, as shown from the application usage, mobile applica-
tion users reduced during the intervention. In this case, notifications
could be used in the application to nudge users about returning to
participating in the quiz game.

7 CONCLUSIONS AND FUTUREWORK
In this paper, we designed an energy awareness mobile application
based on findings from previous work and requirements that we
collected from surveys at a university campus. We conducted a com-
parison of the mobile application and a dashboard display via a user
study at the same university campus. The results show that both
solutions are effective on improving occupants’ energy awareness,
while they did not show a difference in energy literacy. The game
mechanism in the application were appreciated by participants and
make it more engaging.

A limitation of our study is the low numbers of participants,
especially in the Android group as a few of those who started did
not complete the study. Recruiting high numbers of participants
and maintaining their interest throughout the study is a common
risk with ‘in the wild’ studies (i.e. longer term studies in the natural
working environment). Whilst the time of our study can be consid-
ered as long for a controlled experiment, it can also be considered
short for an ‘in the wild’ study, especially for intrepreting a change
in awareness (i.e. only 5 days). The length of study could explain
the low impact of both conditions on Energy Literacy, as people re-
ceived a limited number of questions and data. However, we found
the results and feedback from this preliminary research positive. In
future work, we will look to improve the mobile application based
on the feedback and implement a longer term study to evaluate the
application with a larger set of participants, to be able to generalise
the findings in more detail.
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