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Abstract Earlier research investigating persuasive
technology—technology designed to influence human
behavior or attitude—indicates that persuasive tech-
nology can stimulate energy-efficient behavior. How-
ever, most applications of persuasive technology need
people’s focal attention to be successful, and people
may often not have these cognitive resources avail-
able. The current research investigates a form of
persuasive technology that is less obvious and easier
to process: ambient lighting as persuasive technology.
In an experimental study, participants could conserve
energy while setting temperatures on a central heating
panel and receive feedback about their energy
consumption in each task. We tested the effect of
feedback through a lamp that gradually changed color
dependent on energy consumption and compared
these effects to more widely used factual feedback.
Half of the participants received lighting feedback,
and half of the participants received numerical
feedback. To investigate whether ambient feedback
is easier to process than numerical feedback, half of
the participants performed a cognitive load task in
addition to the focal task. Results indicated that
feedback through lighting has stronger persuasive
effects than numerical feedback. Furthermore, ambi-
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ent lighting feedback seemed easier to process than
numerical feedback because cognitive load interfered
with processing numerical feedback, but not with
processing lighting feedback. Implications for theory
and design of energy consumption feedback systems,
persuasive lighting, and (ambient) persuasive tech-
nology are discussed.
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Introduction

Energy consumption and the emission of green-
house gasses have been a frequently discussed topic
ever since the Kyoto protocol in 1997. The
International Energy Outlook 2009 (Energy Infor-
mation Administration 2009) shows that if no extra
measures are taken, energy consumption will rise by
34% in the next 20 years. The threats of growing
CO, emissions, climate change effects, and the
exhaustion of natural resources have urged nations
worldwide to seek for substantial reductions in
energy consumption. Next to important technologi-
cal solutions like more efficient systems and devices
and the development of renewable energy sources,
consumer behavior plays a crucial role in reducing
the level of energy consumption.

Influencing consumer behavior to promote energy
conservation has become an important target of
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national and international policy efforts. Therefore,
the question on which instruments should be applied
to promote energy conservation behavior has become
highly relevant.

Recent reviews (e.g., Abrahamse et al. 2005;
Midden et al. 2007) have evaluated the effects of
interventions to promote energy-efficient behavior. In
general, mass media public campaigns seem to lack
precision in message concreteness and targeting to
achieve behavioral change. By contrast, raising
people’s awareness of energy consumption by pro-
viding tailored feedback about their energy consump-
tion (for example in kilowatt-hour) can promote the
achievement of behavioral change (see, e.g., Abrahamse
et al. 2005; Midden et al. 2007). The results are mixed
though. Weak linkages between specific actions and
energy outcomes caused by low feedback frequencies
(e.g., once per month) and insufficient specificity of the
feedback (e.g., household in general vs. specific person
or specific devices) are underlying these mixed
findings.

Recently, technological solutions have created new
opportunities to improve feedback efficacy by em-
bedding feedback in user—system interactions. That is,
energy use is in essence always the outcome of an
interaction between a user and some energy-
consuming device. Intervening in these specific
interactions might improve the quality of feedback
substantially. Some evidence supports this claim.
McCalley and Midden (2002a) demonstrated in
several studies that interactive forms of feedback
could be effective in enhancing energy-efficient use
of devices like washing machines. By adding an
energy meter to the user interface of a washing
machine, they achieved 18% of energy conservation
both in lab and field studies. Basically, their approach
entailed giving numerical feedback in terms of
kilowatt-hour consumed as a function of program-
ming choices made by the user, like water tempera-
ture, spinning speed, or the duration of the washing
cycle. Research by Sauer et al. (2007) also indicates
that system-embedded feedback (during operation of
a central heating system) can diminish user energy
consumption and additionally indicates that users can
save energy without lowering comfort levels.

A comparison of studies assessing effects of
feedback about energy consumption (Fischer 2008)
concludes that it seems clear that feedback stimulates
energy savings; Fischer (2008) reports that feedback
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about energy consumption can lead to energy savings
ranging from 1.1% to over 20%. According to Fischer
(2008), good feedback should be based on actual
consumption and be detailed and provided frequently.
Feedback should be highly interactive and give an
appliance specific breakdown. Also, feedback should
be presented in an understandable and appealing way.

So, earlier research indicates that feedback about
energy consumption can stimulate energy conserva-
tion. In other words, giving feedback motivates and
stimulates people to conserve energy by changing
their energy consumption behavior. Especially feed-
back that is embedded in user—system interactions can
fit these characteristics (be detailed, specific, interac-
tive, appliance specific, etc.). Fogg (2003) refers to
this type of technology as persuasive technology
which he defines as any “interactive computing
system designed to change people’s attitudes or
behavior.”

The main focus of earlier research (e.g., McCalley
& Midden 2002a; Sauer et al. 2007) was on relatively
complex feedback that required ample available
cognitive capacity to process. However, in many
day-to-day situations, people might not be motivated
or lack the cognitive capacity to consciously process
relatively complex information (see e.g., Bargh 1997).
Numerical feedback (e.g., the numbers representing
kilowatt-hour consumption) might be that kind of
relatively complex information. A form of feedback
that is easier to process can be labeled ambient
feedback. Ambient displays are designed to be subtle
and unobtrusive (Miller & Rich 2008). Ishii and
Ullmer (1997) suggested the use of ambient media
such as sound, light, airflow, and water movement to
act as background interfaces with cyberspace and
work at the periphery of human perception. They also
mentioned that even though ambient media are often
processed in the background, they can move to the
center of attention. Wisnesky and colleagues (1998)
supported this definition of ambient technology, by
describing ambient technology as being at the
“periphery of our attention”, with a kind of “subcon-
scious understanding” and possibly involving “all our
senses”.

In the current research, we will investigate the
persuasive effects of a form of ambient feedback that
is easier to process. We argue that (interactive)
feedback of ambient nature (using lighting) is simpler
to process than (interactive) numerical feedback



Energy Efficiency (2011) 4:175-183

177

because it can be perceived easily without focusing,
in contrast to numerical feedback. For example, (part
of) the environment of the user can be used for
ambient lighting feedback whereas the user needs to
focus on digits on a display for numerical feedback.

Earlier research already indicated that energy
consumption feedback that does not consists of
specific facts but rather of ambient lighting changes
can influence consumer behavior (Wisneski et al.
1998; Arroyo et al. 2005; Froehlich 2009). A recent
example of this is a device called an energy orb, the
color of the orb changed depending on the time-of-use
tariff in operation. This type of information helped users
save some energy (Martinez 2006), and the usefulness
of the device was positively evaluated by users
(Martinez 2006; Stein 2004). This study supports the
assumption that ambient technologies can reduce the
energy consumption of a household.

Furthermore, earlier research indicates that persua-
sive technology can influence human cognition
without receiving any conscious attention at all. That
is, Ham et al. (2009) tested the effects of feedback
that was presented too shortly to be consciously
noticed (subliminal presentation, see e.g., Bargh &
Chartrand 2000) and compared the effects of this
feedback to effects of normal feedback or no
feedback. Results confirmed that persuasive technol-
ogy that is not obviously perceived at all can be just
as effective as numerical feedback.

To investigate whether lighting feedback is easier
to process than numerical feedback, we will employ
the insight from earlier research that indicates that the
amount of cognitive processing that is needed for a
task can be assessed by investigating the effects of
adding an additional task to the focal task (Bargh
1997). In psychological literature, such an additional
task is called cognitive load. That is, if people need a
lot of cognitive processing for a specific focal task,
adding an additional task that people have to perform
next to the focal task will lead to a decrease in
performance (e.g., slower performance) on that focal
task. Therefore, we expect that cognitive load will
interfere with processing numerical feedback, but not
with lighting feedback.

The present research will investigate the influence
of ambient feedback versus numerical feedback on
energy consumption of space heating of a family
home. According to the International Energy Agency
(2008), an important role in energy conservation can

be identified for households; they account for 30% of
the Dutch energy consumption. Approximately half of
this consumption results from space heating.

The current research

In the current research, the effects of ambient feedback
on energy consumption were investigated and compared
to the effects of numerical feedback on energy con-
sumption. Ambient feedback was presented in the form
of light; colored light was used as feedback to indicate
the level of energy consumption. Numerical feedback
was presented by the amount of watt consumed. An
experiment was set up in which participants had the
opportunity to conserve energy in a series of tasks and
received feedback about their energy consumption
during these tasks. When giving lighting feedback,
low consumption was indicated by green lighting and
high consumption by red lighting both in various
shades. In this way, people could quite easily understand
whether a specific lighting (e.g., light green) indicated
high or low consumption and less consciously process
this information. To keep the two types of feedback
comparable, the numerical feedback was presented with
two additional numbers indicating low and high energy
consumption. This way, the user could determine
whether his energy consumption was high or low.
The numerical information needs to be processed
more consciously because the user himself has to
compare his energy consumption with the numbers
representing high and low energy consumption.

We expected that feedback through lighting would
have stronger persuasive effects (leading to lower
energy consumption) than numerical feedback. We
also expected that lighting feedback was easier to
process than numerical feedback resulting in a
decrease in the time used to solve a task for the
lighting feedback conditions.

Because we expected lighting feedback to be easier
to process than numerical feedback, we also manip-
ulated the cognitive load of the participants. To
manipulate cognitive load, half of the participants
performed an additional task that consisted of a
random number recognition task comparable to
successful cognitive load manipulations used by e.g.,
Marsh and Hicks (1998). This relation between the
cognitive load task and the feedback on energy
consumption has never been explicitly tested. We
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assume that there is an indirect relation where the
feedback represents another stimulus similar to
stimuli from the surrounding environment. Because
we assume that the ambient feedback will be
processed less consciously than the numerical feed-
back, we expected that for participants processing
numerical feedback, performing this additional task
would interfere with the persuasive effects of that type
of feedback and would result in an increased time to
solve the task. At the same time, we expected that for
participants processing lighting feedback, performing
this additional task would not interfere with the
persuasive effects of the feedback and would not
result in an increased time to solve the task.

Method
Participants and design

Participants were mostly university students with the
exception of one working participant. Ages of the
participants ranged from 18 to 30 years old. In total,
57 participants (39 male and 18 female) participated
in a 2 (feedback type: light vs. numerical) x2
(cognitive load: load vs. no load) between-subject
design. Participants were randomly assigned to one of
the four conditions.

Materials and procedure

On arrival, participants were welcomed and requested
to take a seat in front of the computer followed by the
experiment leader starting the virtual central heating

Fig. 1 A virtual central
heating interface used to
gather data about the par-
ticipant’s energy consump-
tion behavior
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interface program and leaving the room. In the
experiment, a virtual central heating interface was
used to gather data about the participant’s energy
consumption behavior (see Fig. 1). A model of typical
Dutch family housing was programmed to obtain
energy consumption data. Energy consumption was
calculated taking into account ventilation and trans-
mission losses and characteristics of the different
rooms. As input for this model participants had to set
the desired temperature for the living room, kitchen,
bathroom, toilet, hall, and bed room. The interface
was adapted from an existing central heating control
unit, the Chronoterm Vision by Honeywell, as can be
found in Dutch homes.

After an introduction of the experiment and an
explanation of the central heating control unit,
participants were requested to pursue two goals. The
first goal was to “make sure to set a comfortable room
temperature” and the second was to “make sure to use
as little energy as possible”. The first goal was given
to make sure participants would not set extremely low
temperatures when pursuing the second goal. Partic-
ipants were then informed about the workings of the
feedback type they were assigned to.

Numerical feedback consisted of the amount of
watt representing the energy consumption and a high
and low consumption reference value, all presented
right from the central heating control unit (see Fig. 1).
The reference values differed per scenario. Roughly,
the high value represented the amount of watt used
when all rooms were heated at 22°C. The low value
represented heating being switched off in every room,
or minimal heating for scenarios with low outside
temperatures. The same values were used to deter-

Hoog energieverbruik: 2.328 Watt
Laag energieverbruik: 1.011 Watt

Uw energieverbruik is 1.945 Watt
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mine the outer scale of the lighting feedback. Fully
red corresponded with the high reference value and
fully green with the low values. A high power
programmable LED lamp was used to project the
light on the wall behind the desk where the
participants were seated, see Fig. 2.

After the explanations, participants had to complete
two practice trials. In these trials, an outside temperature
was presented on the control unit together with a scenario
of the following sort: “It is evening and you are at home.
The outside temperature is 3°C” or “It is afternoon and
you are not at home. The outside temperature is 20°C”’.

Participants in the cognitive load conditions were
briefed about the cognitive load task. Participants
were asked to press the space bar whenever they
heard an odd number through the headphones.
Recorded spoken numbers from 1 to 30 were
randomly presented with a 3-s interval. Participants
could practice for 10 s. The cognitive load task was
presented during all ten test trials.

The ten test trials that followed were similar to the
practice trials, with scenarios varying outside temper-
ature from —5°C to 19°C, varying daily periods, and
presence or absence of the user.

After the ten test trials, participants were asked to fill
out demographic questions. They were then debriefed,
paid €5, and thanked for their participation. The
duration of the experiment was no more than 30 min.

Dependent variables were energy consumption and
time used to solve a task. The total energy consumption
in watts was calculated from the heat losses of the six

rooms. The time participants needed to complete a trial
was defined as the difference in seconds between the
start of the trial and the moment participants hit the
“finished” button.

Results

Averaged energy consumption scores (over the ten tasks)
were submitted to a 2 (feedback type: lighting feedback
versus numerical feedback)x2 (cognitive load: load vs.
no load) analysis of variance (ANOVA). As expected,
participants who had received lighting feedback used a
lower amount of energy on average on the tasks (mean
(M)=544 W, standard deviation (SD)=208) than
participants who received numerical feedback
(M=692 W, SD=202), F(1, 53)=7.16, p=0.01 (see
Fig. 3). This effect indicates a reduction of 21% in energy
consumption for participants who received lighting
feedback as compared to participants who received
numerical feedback. This analysis did not indicate the
expected interaction of feedback typexcognitive load,
F<1 nor a main effect of cognitive load, F<1.

To analyze the other dependent variable—time to
solve a task: an average of the time a participant
needed to program the control unit on each of the ten
tasks—we submitted time to solve a task to the same
2x2 ANOVA. As is often the case when analyzing
response times (Ratcliff 1993), a few participants
scored outliers (more than two SDs from the average
response time) on this measure. Therefore, as advised

Fig. 2 A high power programmable LED lamp projecting light on the wall behind the participant’s desk indicating low (left picture),

medium (middle picture), or high (right picture) energy consumption
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Fig. 3 Averaged energy consumption by feedback type

by Ratcliff (1993), we removed these (four out of 57)
participants from this analysis. As expected, results
indicated a main effect of feedback type on time to
solve a task, F(1, 49)=11.76, p=0.001. That is,
participants who received numerical feedback needed
more time to solve a task (M=45 s, standard error
(SE)=12) than participants who received lighting
feedback (M=36 s, SE=9). Also, results indicated
that participants who performed the additional cogni-
tive load task needed more time to solve a task
(M=45, SD=14) than participants who did not
perform this additional load task (M=37, SD=7),
indicated by a main effect of cognitive load on time to
solve a task, F(1, 49)=7.77, p=0.008. Most impor-
tantly, results also indicated the expected interaction
of feedback typexcognitive load, F(1, 49)=4.50,
p=0.039 (see Fig. 4). That is, participants who
received numerical feedback needed more time to
program the thermostat under cognitive load
(M=52.0 s, SD=13.5) than without cognitive load
(M=38.7 s, SD=7.0), F(1, 50)=9.63, p=0.003
whereas this difference was not found for participants
who received lighting feedback (M=36.9, SD=10.4,
for participants under cognitive load versus M=35.1,
SD=7.5, for participants without cognitive load),
F<1. Thereby, these results indicate that lighting
feedback was easier to process. Furthermore, they
suggest that participants compensated for the cognitive
load by taking more time to finish the trials.

Discussion

The aim of this study was to test the persuasive
effects of lighting feedback as ambient persuasive
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technology in stimulating energy consumption behav-
ior and compare them to the persuasive effects of a
form of persuasive technology that needs more focal
attention, that is, numerical feedback. Confirming
expectations, lighting feedback led to 21% lower
energy consumption than numerical feedback. Fur-
thermore, lighting feedback was expected to be easier
to process than numerical feedback. This expectation
was confirmed: participants who received lighting
feedback finished trials quicker than participants who
received numerical feedback. Furthermore, in strong
corroboration of our hypothesis, current results
suggest that for participants processing numerical
feedback, performing an additional task led to slower
processing of that feedback. For participants process-
ing lighting feedback, results suggest that adding
cognitive load did not lead to slower processing. This
finding confirms our suggestion that lighting feedback
is easier to process and use than numerical feedback.

The current results did not indicate that for partic-
ipants processing numerical feedback, performing an
additional task led to a lower energy consumption than
when not doing an additional task. An important
reason for this might be that the setup of the current
study may not have been ideal for finding such an
effect because of the lack of time constraints when
setting the control unit. That is, without time con-
straints, participants who received numerical feedback
and who performed an additional task may have been
able to use more time to set the control unit (and did
s0, as indicated by the analysis of time to solve a task).
It seems quite straightforward that these participants
used this additional time to process the numerical

701
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Fig. 4 Time to solve a task by feedback type and cognitive
load
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feedback. Thereby, these participants may have pro-
cessed the numerical feedback well, even though they
also had to spend processing capacity on the additional
cognitive load task. Future research might continue the
investigation of whether cognitive load can increase
energy consumption for numerical feedback. Impor-
tantly, the current results indicate that setting time
constraints might be important to find those effects.

Future research might also investigate the effects of
ambient feedback in a field setting. Interestingly,
research by McCalley and Midden (2002a) indicated
similar energy saving results after interactive feed-
back in a field study as in a lab study (McCalley &
Midden 2002b). This suggests that effects of ambient
feedback might also be comparable in field and lab
settings. Also, future research might investigate issues
related to somatic experiences. That is, it might be
very interesting to compare effects of ambient and
also numerical feedback to effects of actually experi-
encing the feeling of warmth and heating caused by
settings of a heating system. Finally, future research
might compare the effects of ambient feedback to the
effects of focal feedback. The goal of the current
research was to compare ambient to numerical
feedback, and future research might compare the ease
of processing of ambient feedback to the ease of
processing of focal feedback.

The current study focuses on the possible effect of
ambient feedback on energy consumption. However,
besides the expected positive effect on energy
consumption, there are privacy and ethical implica-
tions that need to be considered when dealing with
ambient technologies (Bohn et al. 2005). The appli-
cation discussed in this article implies a constant
monitoring of energy consumption data. Application
of systems like these in future households requires
careful consideration of privacy issues like to whom
the data are accessible, how the data are stored, and
for how long they are stored. Furthermore, ambient
persuasive technology is designed to change people
attitudes or behavior in an unobtrusive way. Within
the scope of this article, an ethical discussion on this
topic carries too far. However, in the design and
application of ambient persuasive technologies, one
should at all times be aware of issues concerning the
right of self-determination and personal autonomy of
the user. In addition, there might be adverse effects of
providing feedback, in more focal form or in more
ambient form. For example, in general, persuasive

technology might give rise to reactance (Brehm 1966,
see also, Roubroeks et al. 2009). Also, lighting
feedback could help people conserve energy and
thereby save money, adding persuasive technology
to household appliances may increase financial costs,
making economic analyses needed to assess overall
effects.

The present research shows that lighting feedback
is more effective than numerical feedback. Besides
easier processing, this may be caused by an implicit
evaluation of the energy consumption which took
place in the lighting feedback. When lighting feed-
back was given, the color of the light indicated good
or bad energy consumption behavior. In contrast,
when numerical feedback was given, participants had
to do this evaluation by themselves by comparing
their energy consumption with the two reference
values. In future work, the effects of easier processing
and implicit evaluation could be disentangled.

The main effect of feedback type on energy
consumption showed that participants understood the
meaning of the colors used for the lighting feedback.
However, the used colors might not be optimal with
regard to their effect on energy consumption.
Although the meaning of green and red is supposed to
be generally understood, future research should
explore whether these colors are most effective for
giving feedback on energy consumption. A starting
point for this research could be environmental
psychology literature on the effect of light on humans.
For example, recent research (Mehta & Zhu 2009)
suggested that red (versus blue) induces avoidance
(versus approach) motivation, and that red enhances
performance on a detail-oriented task. Also, Kwallek
(Kwallek et al. 1988) showed that people in a red
surrounding scored higher in stress and anxiety
measures, and other articles find a strong effect of
light on arousal (e.g., Baron et al. 1992; Bellizzi &
Hite 1992; Kallman & Isaac 1977). In addition, future
research might investigate whether colors are effec-
tive only for giving energy consumption feedback or
whether they could also be employed for giving other
kinds of feedback.

In the introduction, we claim that lighting feedback
is a form of ambient technology. This could be argued
given the rather obvious projection of the light against
the wall behind the desk. Since ambient technologies
are supposed to be processed subconsciously and/or
in the periphery of attention (Wisneski et al. 1998),
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one would expect ambient technologies to be easier to
process. The present study provides support for that
claim.

Overall, the current research indicates that diffuse
lighting can be used successfully as persuasive
technology. These technologies can be incorporated
into everyday life in many forms to change different
types of behavior or attitudes. For example, the data
about energy consumption provided by smart meters
could be used to deliver interactive lighting feedback
in the living room. The current research suggests that
such an application could successfully influence
energy consumption behavior even when users do
not spend cognitive attention to this lighting feed-
back. The feedback given in the current research
changes color rapidly whereas in field situations,
changes in lighting might be of a different nature
(e.g., more subtle), which future research could
investigate. This could also determine the optimal
positioning of the lighting feedback. The current
research indicates that lighting can have a particular
aptitude as a medium for persuasive communications.
The current research suggests that persuasive lighting
can have stronger persuasive effects than other forms
of persuasive technologies (i.e., numerical and factual),
especially under (day-to-day) circumstances of high
cognitive load.

In addition, we argue that lighting has specific
qualities that make it particularly suitable for
providing user feedback. Lighting can be very
cheap, is easy to install, lighting can be very
energy-friendly, lighting can be seen by other
people present in a room as well (inducing social
pressure as a persuasive mechanism), and lighting
might have an emotional appeal or even direct
emotional effects. Also, the low conspicuity of light
and color changes set lighting apart from other
feedback media.

This research showed that ambient lighting feed-
back has a positive effect on energy efficiency and is
easier to process. In addition, this study shows the
relevance of the use of light in ambient technologies
and the importance of the use of ambient feedback to
give feedback on energy consumption. This could
have implications for the design of future household
appliances and space heating systems because the
addition of ambient feedback into these devices has
great potential to reduce household energy consump-
tion and greenhouse gasses.
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