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ABSTRACT
Light pollution, also known as photo pollution is excessive,
misdirected obtrusive artificial light. Over-illumination refers
to the excessive use of light. Lighting is responsible for one-
fourth of all electricity consumption worldwide, and studies
have shown that over-illumination results in energy wastage.
Previous HCI research has contributed to the design of eco-
feedback systems, behavior change for sustainable electric-
ity consumption, and focused on various other environmental
behavior changes in general, rather than this specific narrow
problem of light pollution. In this paper we explore the design
of a system that tries to motivate people towards sustainable
light usage. Initially we conducted an online-survey to gather
inputs and requirements from the people. Based on the in-
puts and feedback , we designed a system that could be used
by people to visualize their light usage. We then conducted a
pilot study of the system and present our findings.
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ACM Classification Keywords
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INTRODUCTION
Light pollution is a phenomenon that in general occurs in
great cities and that are responsible for a huge energy waste.
For example, in the United States, the over-illumination is re-
sponsible for approximately two million barrels of oil per day
in energy wasted [17]. In Canada, lighting accounts for 14%
of the total household electricity consumption, second high-
est after space heating. Though this may not be the highest
contributor to the electricity consumption, the inefficiency as-
sociated with light usage is pretty high. For example, most of
the bathroom lights are on for at least two hours a day, which
results in approximately 20Kwh or $20 per year [14].The
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numbers may not be huge, but we have to note that these
numbers are only for one small room(bathroom) in a house-
hold. Considering this, on average there are 30 light fixtures
per household in canada [3], and the total usage contributes
to $131 per year.

Medical research suggests that over-illumination and light
pollution can have adverse health effects such as fatigue and
increase in anxiety. Hence this problem of over-illumination
and light pollution could be brought under control by efficient
use of lights and sustainable behavior.

Government policies and rules do have pivotal a role in de-
termining the energy consumption of a geographic location.
However, government policies are not always successful in
bringing about a behavior change. For example,the 1997 Ky-
oto protocol did not serve the purpose of conserving world’s
energy needs as some of the countries rejected the collective
international request for conserving resources. Hence eco-
feedback design has been one of the prominent research areas
in HCI.

Considering a narrow problem about light consumption, we
have observed that it is very common for people to use lights
inefficiently. Sometimes this is due to negligence and some-
times people forget to switch off the lights. And, these inci-
dents happen occur very frequently. Though the resulting in-
efficiency and wastage may not be huge or alarming in terms
of numbers for one single occurrence of such negligence and
forgetfulness, it can be significant when such behavior occurs
frequently.

Hence we try to explore a design aimed at this particular prob-
lem. Our design is based on the following questions:

• Does visualizing light usage rather than the electricity us-
age as a whole bring about a change in the light usage
behavior?

• Will the popular, tried and tested techniques from motiva-
tional psychology such as rewards, goals, social compar-
ison be successful in tackling a narrow problem of light
usage? Will they help in promoting behavior change?

This paper is organized as follows. Firstly, we briefly re-
view the relevant previous work related to eco-feedback de-
signs , energy consumption and water usage. Secondly, we
explain how our survey, essential for our design, was con-
ducted. Thirdly, we describe our design, which is classified
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into four different themes: Light Usage Visualization, Com-
parison, Goals and Rewards. Fourthly, we briefly illustrate
our implementation details and then, we describe our Pilot
Study. We then provide, analysis of the collected data, and
present the results and implications of our findings. Finally,
we comment on some possible future work, limitations of our
work and present some conclusions.

RELATED WORK
Our idea is narrow if we compare it with the huge problem of
energy consumption or over-illumination. Eco feedback has
become a prominent focus of sustainable HCI research ex-
ploring areas including electricity consumption, water usage,
transit, and waste disposal. HCI researchers have built quite
a few eco-feedback systems for monitoring and visualizing
energy consumption. A power aware chord is one such de-
sign [10] which changes its color based on the consumption.
In [16] the researchers have described a system that moni-
tors the residential energy consumption. Researchers have
also used various metaphors such as Oak trees for visualiz-
ing the carbon foot print of a building [12]. However, these
only try to provide feedback and visualization of the energy
consumption and dont motivate the user towards sustainable
energy use. The eco-feedback design [7] and Transtheoreti-
cal Model(TTM) [11] provide exhaustive information of var-
ious methods that could be used to bring about a behavioral
change towards energy consumption. [8] provides the design
and evaluation of the eco-feedback displays for fixture-level
water usage. Disaggregated end-use energy sensing [9] sur-
veys the dis aggregation techniques for energy-consumption
and highlight significant features that might be used to sense
disaggregated data in an easily installed and cost-effective
manner.

ONLINE SURVEY
Before we zeroed in on our design, we conducted an on-
line survey to gather requirements from the people and inputs
about their general daily energy consumption. The survey
was pilot tested on two participants and then it was finally
hosted on the popular on-line platform SurveyMonkey.com.
The survey had 9 questions and the list of questions could
be found in Appendix 1. In order to maintain the privacy of
the participants we use Respondent(R) to refer directly to the
participants.

Survey Respondent Demographics
The survey was sent to all of our friends residing in various
parts of the world. The survey link was also posted on one of
the Facebook group pages of the University Of Calgary Res-
idence. A total of 15 surveys were completed. Most of the
survey respondents(11/15) were graduate students from the
University of Calgary which consists of 73.33% of the total
participant count. Out of the other 4 participants, 3 responses
were from India and one was from the United States of Amer-
ica.

Survey Outline And Data Analysis
As mentioned previously the survey was designed to get in-
formation about the general energy consumption habits of the

respondents. Out of the 15 respondents 7 participants felt that
they were efficient and 6 felt that they were inefficient. The
remaining two felt that thought they were efficient they had
room for improvement. Out of the 15 participants 12 of them
felt the need for conserving energy, which suggests that we
had a set of environment friendly participants. Out of the
three remaining participants 2 of them did not feel the need
because they felt they are efficient, and the remaining one
stated that only sometimes he feels the need to conserve en-
ergy. Most of the participants(8/15) felt that visualizing the
inefficient energy usage would bring about a change in their
behaviour. Only 4 felt that it would not have effect on their
behaviour and remaining three of them stated that it depends
on the visualization. The following response illustrates the re-
sponse given by one of the three participants who stated that
behaviour change depends on the kind of visualization.

“I think for me it wouldn’t change much, I know because I
see the bill every month, I think if you could show it in a
way that would save people money by showing them their
behaviour and ways they could change it to save money, you
would reach a lot more people” -R13.

However these numbers change with respect to visualizing
daily light usage. 10 of the participants replied that they were
willing to care about the light usage, while 2 of them replied
saying that it would not make much of difference, one of such
replies is shown below.

“Not really since I am in the basement. So lights are needed.”-
R7

The three remaining participants said that they would care
if it actually showed flaws with respect to their light usage.
10 of the participants (66.66%) felt that goal setting would
help them in reducing their energy consumption. 3 of the
remaining 5 felt that it would not help, and the other two were
unsure if it could make a difference.

With respect to comparing the energy usage with other people
in the neighborhood we received many varied responses. One
of the participants skipped the question and only two of them
felt that it would not make a difference.

“Even though my household is not particularly efficient we
are probably on the efficient side of the population so if
that turned out different we may be more motivated to make
changes. It should be noted that of our electricity bill over
half of it is for other charges than energy so this is a huge
disincentive to save energy.”-R12

This reply by one of the participants shows that comparison
might play a key role in bringing about a behavior change
with respect to energy consumption.

Based on the above survey observation we decided to have
four themes for our design : Light Usage Visualization, Com-
parison, Rewards and Goal Setting. The next section de-
scribes these themes of our design.

DESIGN
Taking into consideration, the responses we got from the on-
line survey our design is based on the following themes:
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• Light Usage Visualization

• Comparison

• Goals

• Rewards

Light Usage Visualization
Light usage visualization refers to showing the information
about the daily light usage in a way that could be easily un-
derstood by the people. Since cost is one of the factors, as
suggested by one of the responses given by the participants,
we have included it in the design as well. We have catego-
rized the visualization into three different views.

General Information View

This gives an overview of the light usage. The number of
hours in the day the lights have been used. Last time when
the light has been switched on. The cost in dollars associated
with the usage, the carbon emission and the number of trees
needed to be planted in order to offset the carbon emission.
Though lights do not contribute to the carbon emission, the
generation of electricity that is contributing to the light usage
contributes to the carbon emission. Hence by using lights or
electricity in general, we indirectly contribute to the carbon
emission. The view is shown in Figure 1.

Figure 1. General information view

Room -Level Usage

This particular view shows the light usage across the various
rooms in the house. This view could be implemented by hav-
ing light sensors installed in each and every room. Although
we do have some technical challenges of having such a view,
our focus here is on the idea of presenting the information on
per room basis to the users. The room-level view is shown
in Figure 2. As shown in the figure the bar chart represents
the number of hours the lights have been switched on in each

and every room. The pie chart on the other hand is in the
form of an animation which shows the percentage wise light
consumption in each of the rooms.

Figure 2. Room wise usage

Week Wise usage

This view shows the usage trends over a five-day period of a
given week. This view has been designed with an intention
of giving the users a chance to introspect their weekly light
usage. The pie chart shown in Figure 3 shows the light usage
distribution in percentage over the five-day period.

Figure 3. Light Usage Breakup over the week

Comparison
Visualizing information is important but only providing infor-
mation might not motivate behavior change [4]. Comparing
the current energy consumption levels to the energy levels
of the neighborhood could bring about cognitive dissonance.
This was also supported by the following quote:

“Its human nature to compare ourselves to others and to get
cues on out behavior by the actions of others”-R14.
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This was one of the responses we got during our online sur-
vey when asked about comparison with others in the neigh-
borhood. This has prompted us to include the comparison of
light usage of a household with others in the neighborhood.
Figure 4 shows the comparison of a household with others in
the neighborhood. The two bars associated with a household
represent both the daily usage and the average usage over the
week. The bar on the left shows the daily usage of the lights
and the bar next to it shows the average usage over the week
of a particular household.

Figure 4. Comparison with others in the neighborhood

Goals
In a study conducted by Houwelingen et.al[13], it was found
that goal setting along with daily feedback helped in reducing
energy consumption. This was also brought out by one of the
participants in our online survey.

“I think small steps and challenges would definitely help”-
R13

This was one of the responses we got with respect to goal
setting for conserving light and energy conservation. Hence
we had incorporated a goal setting in our design. The system
sets a goal of maximum of 10 hours in a day. Figure 5 shows
the light usage trend of the household for the system set goal
of 10 hours.

Rewards
Rewarding people for positive behavior change has been
found to be effective [6]. Rewards have been used even in per-
suasive health technology to bring about a positive response
from the participants [5]. Studies also have shown that re-
wards, even if they are nominal like game points and badges
elicit a positive behavior [1].

SOFTWARE
The design LightLogger (an application that logs the light
usage data) was implemented with the help of Phidgets Inc
Light sensor. A light sensor shown in Figure 7 gives the value
of the light present in the room. Based on the values retrieved
from the sensor, we get to know if the lights are being used in
the room. We check the sensor reading for the ambient light

Figure 5. Visualization of the consumption vs set goal

Figure 6. Set of badges used as reward

(the light present in the room when the lights are turned off in
the room) initially, and the light present in the room when the
lights are switched on. Based on these values the LightLog-
ger gets to know if the lights are used in the room, and logs
the time when the lights have been switched on, and the ses-
sion duration. A “session” refers to the period when the light
has been switched on and switched off. We log all this light
usage information into an XML file which is read by a web
server residing on the local computer, which is connected to
the light sensor through USB. Various views described above
are then constructed based on this XML file.In order to calcu-
late the cost, we used the Government of Alberta website [2]
for retrieving the cost per one Kwh. [15] gave us the infor-
mation required to map carbon emission in kilograms to the
number of trees to be planted to offset the carbon emission.
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Figure 7. Light Sensor connected to a Phidget Interface Kit

PILOT STUDY
The system was pilot tested on 6 participants, three male and
three female. All the participants were graduate students at
the University of Calgary. The study was in the form of a
semi-structured interviews with the participants. The inter-
views had two parts. The first part was a brief one, wherein
we inquired about the general electricity and light consump-
tion habits of the participants. The participants were pro-
vided with a touchscreen tablet which had the light sensor
connected. We then explained the whole system to the par-
ticipants to elicit positive/negative feedback and encourage
discussion about how the system could be used in the house-
holds. In the end, we asked the participants to select the
two views which they would use the most. All the inter-
views lasted for about 10-15 minutes. All the interviews were
audio-recorded for further analysis. We refer to the intervie-
wee(I) to refer to the participants who have participated in the
interview. The next section will discuss the study findings.

DISCUSSION

Light Usage Visualization
All the participants were positive about the general informa-
tion view as it gave broad level information about the light
usage and also the cost involved.

“This is good. Generally, sometimes I am lazy but when I see
this information I will actually switch off the lights!!” -I3

We observed that cost could be an important factor as was
evident from some of the responses in our interviews.

“Having the cost is one of the major things because it
allows to view our usage. Even if there are no other
views/visualizations, cost alone is an important factor.” - I1

The carbon emission was also important to the participants, as
some of them(3/6) were not aware that that light usage indi-
rectly contributed to carbon emission. One of the participants
revealed that he did not understand the metaphor behind the
trees being displayed, and suggested that we use more alter-
nate metaphors to show the carbon emission.

“I did not get the idea of the trees. How it relates to the usage,
maybe you can burn the trees, I was just thinking its just a
fancy icon. Maybe you can use the same amount of energy to
drive a bus.” - I4.

Implication : After the analysis we found that use of basic
metaphors can be more effective than the statistics. All the
participants felt that more than the various statistics and num-
bers presenting the basic information such as the cost, num-
ber of trees and other metaphors could be more powerful and
intuitive. Although the various statistics can be useful in help-
ing people to analyse their usage, it should be complemented
with, showing the usage in very basic terms with common
metaphors that people can relate to.

Comparison
Although the on-line survey we conducted had responses that
favored comparison our pilot study did not actually support
the claim. We did understand that there could be privacy
issues when sharing light usage information with others in
the neighborhood and inquired participants about the comfort
levels in sharing the light usage data. Five of the six(83.33%)
were comfortable in sharing the light usage data. Although
majority of people are relatively comfortable in sharing, they
were skeptical if it could have any effect on their behaviour.

“I might not worry about what the neighbors are doing. I am
more concerned about my usage and my own consumption
rather than my neighbor’s consumption”-I1.

Implication : Though comparison can bring about change in
behaviour care should be taken that the comparison is made
among identical entities. For example, in this case of light-
usage we have to compare two households that have same
number of people or identical light consumption, so that peo-
ple can relate the light consumption and take the comparison
more seriously.

Rewards
As mentioned earlier rewarding people for positive behavior
change can be effective in motivating them towards behav-
ior change. We had designed the set of badges and stars for
promoting this kind of motivation for behavior change. All
the male participants in our pilot study were excited about
the various super-hero badges and sharing them on their so-
cial networking sites. The female participants on the other
hand were not so excited about the choices of badges we de-
signed. This was because they were not interested in super-
hero movies and characters. Some of the participants also
suggested more rewards, such as more badges and stars for
all those households which consistently were among the top-
five in conserving light usage.

“More awards and badges should be given to those who are
consistently among top-five or top-ten. Apart form the badges
maybe those people might be given additional power units as
well as rewards. ”-I6

On the other hand, one of the participants brought out an in-
teresting response with respect to integration of social net-
working.
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“The badges are interesting but after some time people might
get bored, as it happens with most of the games. I would not
use social networking this way, to share badges etc. Even if
someone posted such badges I would not pay attention to it
and would only consider it as a spam”-I2

The above response shows how social networking can be-
come more of an overdose. In the current age of growing
social media and networking there are a huge number of ap-
plications and services which try to use the social media and
hence care should be taken that this kind of social sharing
doesn’t become another ”spam”.

Implication : Although badges are attractive and exciting ini-
tially, people might get bored of it. Hence when we de-
sign such eco-feedback systems, care should be taken that
the users might not get bored of it. This could be done by
designing easily achievable targets.Also the badges/rewards
maybe designed in such a way that the genre is changed on
a regular basis. For example, initially the users might unlock
superhero badges and after sometime, they can unlock super-
villains and then maybe cartoon characters, so that the users
are constantly engaged in unlocking badges of different gen-
res. The badges/rewards we designed did not appeal or excite
the female participants, another way of countering this could
be is to, present users with a set of different genres so that
they can earn badges with respect to genres which they like
the most.

Goals
Goals have been designed to motivate people towards reduc-
ing their light usage. In our design the goal has been set
to 10 hours currently. The participants were positive about
the goal setting, and preferred the goal-based visualization,
where they could see the trend over the five-day period with
respect to the set goal. One of the participants also suggested
that the users should be able to set their own goals rather than
the system setting the goals. The participants also suggested
for continuous motivation for achieving goals they have set.

“I would like to set my own goals rather than the system set
goals with me.”-I6

“A recommendation system and current status with my goals
so that i can know where I stand. I would like to have con-
tinuous motivation but if i get a notification every hour then i
will be very annoyed ”-I3

Implication: Goal system can be very helpful in motivating
behavior change but however care should be taken that they
could be set by the users themselves. Recommendation and
the set of actions to be taken for achieving a goal are nec-
essary but there should be a balance maintained so that the
motivation doesn’t become coercion.

FUTURE WORK
Currently our work is limited by the robustness of the sensors.
Future work could include use of more sophisticated sensors
and installation of such sensors in all the rooms in a house-
hold. We have only conducted a pilot study, future work could
include more elaborate study in real time settings, where in

the system could be installed in the households for consider-
able amount of time, maybe for a period of 3-4 weeks so that
various other factors such as fatigue, could be studied and an-
alyzed. Future work could also have more sophisticated visu-
alizations such as providing more time related granularity in
data, where in the users can have access to the light usage for
a particular date, and time of a given month. With respect to
comparison, a more sophisticated comparison could be made
based on the similarities between the households. For exam-
ple, a comparison could be between households which have
same number of people and similar number of rooms and
lights (two bedrooms, hall, kitchen, etc). Such a compari-
son could bring about more introspection in people and bring
about more intense competition and comparison with respect
to conservation. Currently the system has a default system
goal set for 10 hours a day. Future work includes a more so-
phisticated goal setting, giving users the ability to set their
own goals and recommendations based on the set goals. Cur-
rently we have focused only on house-hold light usage, future
work could include designing for office spaces, because there
is excessive and inefficient light usage. Another possible area
for future work is to make this as a smart phone application
so that people can see their light usage on the go.

LIMITATIONS
One limitation of our research is that our study population,
both for the online survey and pilot test were skewed towards
an environment friendly population. Most of our participants
were from the University of Calgary and North America. This
could change with a different geographic location as the con-
sumption varies from country to country and from region to
region based on various other factors such as climate, culture
etc. Also since our pilot had only 6 participants, all from the
university of Calgary and similar age group, the results can-
not be generalized to a much larger population.

CONCLUSION
The problem we have tried to tackle is a very narrow one
compared to the energy and electricity consumption in gen-
eral. There are lots of applications and designs that provide
feedback about electricity consumption but however most of
them do not address the issue of light pollution. We have tried
to explore a set of design techniques that have been proven to
be effective in bringing about behavior change and applying
those to the problem of inefficient light usage. By conducting
an on-line survey we have been able to get valuable informa-
tion which has been helpful in our design. By the design of
various bar charts and pie charts we have been able to pro-
vide a basic insight into the light usage. We then conducted
a pilot test, to get the feedback and opinions from the peo-
ple. Further enhancements which we have mentioned in the
future work section and a more elaborate study could help us
in achieving more concrete results.
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