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Abstract Feedback systems with direct feedback have
shown to be effective in stimulating households to change
their energy consumption levels. This research is one of the
first to explore the use of apps to influence household
energy use. Compared to dedicated in-home displays,
smartphone/tablet apps provide a low-cost and simple
design solution for making energy feedback available.
This research consisted of three studies conducted with
different samples within a selection of households where a
smart meter was installed as part of the smart meter imple-
mentation program in theNetherlands. First, for a period of
16 months, electricity and gas consumption levels were
measured for a large sample of households (n = 519) di-
vided into an application user group and a reference group.
Second, questionnaires (n = 270) provided insight in how

people used the applications and to what extent the appli-
cations increased households’ insight in their energy con-
sumption and stimulated behavior changes. Third, inter-
views (n = 12) were held to obtain more in-depth insight.
In the sample with measured energy consumption, we did
not find a significant reduction in electricity and gas con-
sumption during this research. Yet in the questionnaires,
the application users reported more energy awareness and
indicated to have made more investments and changes in
their behavior than the reference group. Most app users
started using the first app they found and did not explore
the other options. The interview results indicate that, after
an initial learning period, the app was used to monitor the
electricity and gas consumption levels, rather than to lower
them. In line with other research into feedback, the inter-
view results suggest that the apps could be more effective
with information that is more actionable and meaningful
with respect to one’s own specific situation and goals for
the household. Further exploration is recommended with
respect to how the design of such apps can encourage a
wide audience not only to monitor their consumption, but
also guide them in taking action to change their consump-
tion levels.

Keywords Apps . Smart energymeters . Direct
feedback .Energysaving .Behaviorchange .Households

Introduction

A quarter of the final energy consumption in the European
Union is accountable to households (European Union
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2016). Households are therefore an important target group
for policy measures aimed at energy efficiency. In the
Energy Efficiency Directive communications, the
European Commission states its goal to Bensure major
energy savings for consumers^ and its aims to Bempower
energy consumers to better manage consumption.
This includes easy and free access to data on con-
sumption through individual metering.^ (European
Commission 2017). To make consumption informa-
tion available to households, EU member states have
to equip households with smart meters, whenever it
is cost-effective (European Union 2012).

Why is it so important to make consumption informa-
tion available via smart meters? A Bsmart meter^ is an
electronic energy meter that is remotely readable and can
thus communicate consumption data continuously and
automatically. Smart meters are introduced to provide
operational gains for suppliers and distribution network
operators, such as automated and accurate billing, fraud
detection, and differentiated tariffs, as well as to provide
consumers with more information about their energy con-
sumption. The underlying premise for unlocking con-
sumption data to consumers is that when consumers re-
ceive energy feedback information, they will gain insight
in their energy consumption pattern andwill be able to take
measures to lower their consumption. These measures
include changing behavior routines and investment in
energy efficient technology, such as insulation and efficient
appliances. In light of the ongoing energy transition, smart
meters are also expected to play an important role in
facilitating products and services that enable house-
holds to (automatically) adjust their consumption
patterns to the availability of renewable electrical
energy and to contribute to the balancing of supply
and demand in the grid (Geelen et al. 2013;
Giordano et al. 2011; Kobus et al. 2015a).

Energy feedback information can be provided in vari-
ousways and it is crucial that the data from the smart meter
is communicated to consumers in a way that is useful and
meaningful to them. The EU directives do not prescribe
how the households should get insight into their energy
consumption, and member states decide upon their own
policies in this respect. For example, in the UK, each
household in which a smart meter is installed is provided
by default with a display that visualizes the energy con-
sumption levels in real-time (Ofgem and DECC 2011). In
the Netherlands, the policy is that households receive a bi-
monthly overview of their electricity consumption from
their energy supplier (Van Elburg 2014). For more direct

and detailed feedback, households can acquire one of the
feedback systems that are available on the market. A
market analysis looking into the development and uptake
of feedback systems in the Netherlands concluded that
there is a need for accessible and cheap systems to appeal
to households with little interest or limited means to pur-
chase a feedback system (Van Elburg 2014). The study
also emphasized that it is important that feedback is simple
to use for those consumers who are not Internet savvy or
naturally interested in monitoring their energy consump-
tion. A review of the products and services in the Dutch
market (www.energieverbruiksmanagers.nl) confirms the
need for cheap and accessible feedback systems. The
majority of products and services on offer are
smartphone/tablet software applications (apps) that are
available for free. Whether these are effective for bringing
about energy savings for a wide audience is still in ques-
tion. There has been limited research on how energy
feedback via apps can help households to save energy over
an extended period. This study contributes to the knowl-
edge on energy feedback systems by exploring howhouse-
holds engage with a simple and low-cost feedback system
in the form of an app in a natural setting and the effects of
such a system on their household energy consumption.

Literature review

Previous research has shown that providing feedback
information about a household’s energy consumption
can lead to energy savings, see, e.g., the reviews by
Abrahamse et al. (2005); Darby (2006); Fischer
(2008); and Ehrhardt-Martinez et al. (2010). The re-
views indicate that different ways of providing the feed-
back information as well as the duration of feedback
intervention produce different achieved savings. Energy
savings tend to be lower with longer intervention pe-
riods and in larger scale trials (Ehrhardt-Martinez et al.
2010). For example, energy savings from in-home dis-
plays are expected in the range of 3–5% when imple-
mented in large-scale trials, rather than 6–10% found in
small-scale studies (McKerracher and Torriti 2013). The
reviews also show that differences in the achieved sav-
ings are also due in part to differences in the design of
feedback systems and in how people engage with the
feedback. The question now is therefore not so much
whether feedback works, but how it works and which
design factors influence the effectiveness of feedback
(Karlin et al. 2015; Van Dam et al. 2010).
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In the design of feedback systems, we have to con-
sider the ways in which users engage with the feedback,
how the feedback is presented, and which information is
provided. One of the key factors for design and
evaluation is the immediacy with which the feedback
is available. Often, the distinction is made between what
Darby (2006) identified as Bdirect feedback^ versus
Bindirect feedback.^ Direct feedback is directly avail-
able to the user—on demand—and presents real-time
information. Indirect feedback becomes available only
with a delay that may range from a day to a year.
Overall, direct feedback has shown to be more effective
and the more immediate the feedback information is
made available, the more effective it is (Abrahamse
et al. 2005; Darby 2006; Fischer 2008; Ehrhardt-
Martinez et al. 2010; Karlin et al. 2015).

The direct availability of feedback information does
not imply that users frequently consult the information,
which is a separate and important factor. Systems with
higher use frequencies have shown to be more effective
(Kobus et al. 2015b). To achieve a high-use frequen-
cy, the feedback information should be easily acces-
sible and provide information that is relevant for the
user. Furthermore, additional functionality of the
feedback system is suggested to motivate frequent
use, such as the combination of feedback with ther-
mostat control, weather information, or dynamic
tariffs (Kobus et al. 2015b).

From the literature, it is clear that the design of the
system should facilitate users’ engagement with the
feedback system a normal part of daily life. This implies
that the feedback system should support positive dialogs
between household members about energy manage-
ment, and that the feedback system is accessible and
attractive to all household members (Van Dam et al.
2012; Hargreaves et al. 2010).

To use the feedback for energy saving, the presenta-
tion of the information has to be understandable, rele-
vant, and actionable for households (Van Dam 2013;
Hargreaves et al. 2010; Geelen et al. 2013). For the
measurement unit in which the feedback is expressed,
users prefer costs (€, $) over energy units (kWh, m3)
(Karjalainen 2011). A note here is that Karlin et al.
(2015) did not find significant moderating effects for
different measurement units, which suggests that other
design factors may be more influential. Showing num-
bers is not directly necessary for feedback to be under-
standable and relevant; color-based information has
been found to be easily understandable and appreciated

(Bonino et al. 2012) and ambient displays are also able
to convey information that is actionable for users (Darby
2006). Ambient displays do not necessarily show num-
bers but give an impression about energy consumption
based on, for example, changing colors, a flashing light,
or a sound.

The granularity of the feedback, i.e., the level of
detail represented, is also considered a factor that influ-
ences the effectiveness of feedback. Usually, the distinc-
tion is made between appliance-specific and aggregated
consumption data. However, there is no consensus as to
its effects. The results from studies by Karlin et al.
(2015) and Kobus et al. (2015b) suggest that
appliance-specific information is not always useful to a
user, because the feedback may not tell users how to
reduce consumption (Karlin et al. 2015) or because the
accessibility of the information does not stimulate fre-
quent use of the feedback (Kobus et al. 2015b).

Comparative information can help users to interpret
their consumption data to create meaningful informa-
tion. Historic consumption enables users to understand
what their energy consumption pattern looks like
(Anderson and White 2009; Fischer 2008) and to com-
pare their current patterns (per day, week, month, year)
with their past consumption. This can provide users with
a personal norm as to what a normal or desirable con-
sumption pattern is (Karlin et al. 2015). Another form of
comparison is normative or peer-usage comparison, in
which a household’s consumption is benchmarked with
that of other (similar) households. Although this form of
comparison is often appreciated by users, making good
comparisons is also complicated by differences among
individual households (Stankovic et al. 2016). Historic
consumption is considered to be more effective (Fischer
2008), though when compared with goal-based compar-
isons, i.e., goal-setting, Karlin et al. (2015) did not find
significant effects for normative and historical compar-
isons. They suggest that goal-based comparison is more
effective because it motivates users to focus their atten-
tion on the actions required to meet a goal that is
relevant to themselves. In a similar vein, it is recom-
mended to make interfaces goal-driven, i.e., produc-
ing actionable feedback that helps users to under-
stand the extent to which a given goal is being
approached and what actions may be required to
meet the goal (Geelen et al. 2013).

The medium through which the feedback is provided
largely defines the accessibility of the feedback. In this
respect, in-home displays are considered most
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promising, because they make feedback directly visible
in the household. While in-home displays have shown
promising results (e.g., Kobus et al. 2015b; Van Dam
et al. 2010), we should be wary of overconfidence in
these devices (Nilsson et al. 2014; Buchanan et al. 2015)
because it is not the fact that people have a display, but
the overall design of the display that influences the way
people understand and use the feedback. Furthermore,
these devices are quite expensive1 and thus it is impor-
tant to investigate whether low-cost feedback systems
can also provide households with the needed insights to
reduce their energy consumption.

This study contributes to the literature with insight in
the effectiveness of a feedback system that uses a
smartphone or tablet application as a medium to provide
direct feedback. Little is known about the use and ef-
fectiveness of feedback systems in the form of an app,
but an app provides a low-cost alternative to an in-home
display and is therefore more attainable for a large user
base than an in-home display.

Method

This research examined households in which a distribu-
tion network operator replaced their old energy meter
with a smart meter. In a trial, the distribution network
operator offered its customers a feedback system on the
premise that this feedback system could help the house-
holds gain better insight in their energy consumption
and save energy. This context provided a unique oppor-
tunity to observe the effects of a feedback system in a
natural setting. To be able to see the effects of the
feedback system, we made sure to collect data from a
group of households with feedback systems as well as
from a reference group that did not have them. In this
chapter, we will discuss the characteristics of the feed-
back system and apps, the research design, and partici-
pant recruitment.

The feedback system and design of the apps

The apps that were tested in this research make use of
electricity and gas consumption data that was measured

by the newly installed smart meter in the participating
households. The smart meter has a so-called P1-port, to
which a P1-reader is connected. The P1-reader makes
the measurement data from the smart meter available for
the apps via the household’s Wi-Fi-network.

The households that were offered a feedback system
for this research could make use of two smartphone/
tablet apps, a desktop (Windows) application, and an
online application. The online application was princi-
pally used to connect the smartphone/tablet app and
desktop application to the P1-reader. See Table 1 for
an overview of the characteristics of the available energy
feedback. The majority of the application users used a
smartphone/tablet app (84%).

The smartphone/tablet apps were developed by dif-
ferent organizations. The researchers could not influ-
ence the design of the apps because the research project
was initiated by a Dutch distribution network operator
that is responsible for large parts of the electricity net-
work in the Netherlands. The network operator’s goal
was to allow other organizations to develop their own
apps based on their organization’s preferences. As a
result, the app features differed on several aspects, such
as functionality and graphic design.

The apps were developed as a low-cost and low-
maintenance solution with a short time for development.
The developers therefore used design features that are
commonly used for energy feedback.With respect to the
guidelines described in the literature review, these apps
included direct feedback aggregated to the total house-
hold consumption and historic comparisons. Both de-
signs were built up in layers. The Bhome^ screen fo-
cused on the actual consumption levels (direct feed-
back). By clicking on items on this screen or navigating
the menu items, one could access more detailed infor-
mation, such as historic consumption (indirect feed-
back). The two apps differed in Blook and feel^ and in
the ways they presented energy consumption informa-
tion. App A (Fig. 1) reports energy consumption with
numbers and per counter of the smart meter, whereas
App B (Fig. 2) reports energy consumption graphically
in a dial, complemented with numbers. App B processes
the raw consumption data more than App A, in order to
provide meaning to the data and facilitate interpretation
of the data graphically. The extra features of App B
include a comparison between current consumption
adding up over the day with the total consumption of
the previous day (Fig. 2, left), comparison of historic
daily consumption totals per week or month with the

1 In the Netherlands, feedback systems with in-home displays are sold in
the market for at least €100, sometimes in combination with a service fee
of €18 to €55 per year. See www.energieverbruiksmanagers.nl
(Accessed: 5 February 2018).
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consumption levels of the week or month before (Fig. 2,
right), setting of an alarm for when a certain level of
consumption costs for the day is reached (different
screen), and tips for energy saving (directing to a
website).

It is important to note that both the application user
group and the reference group received bi-monthly con-
sumption overviews (indirect feedback) throughout the
study (see Table 1). By default, households in the
Netherlands with smart meters each receive a bi-monthly

Fig. 1 Main screens of app A.
Left: Current consumption of
electricity and gas in kWh andm3,
depicted in a bar graph. Right:
Historical consumption per hour,
day, or month for each counter of
the smart meter

Fig. 2 Main screens of app B.
Left: Current consumption of
electricity and gas in kWh and m3

depicted as a speedometer and
comparison between today’s and
yesterday’s consumption in
Euros. Right: Historical
consumption in Euros per day
(pink) compared with days of the
previous weeks (gray)

Energy Efficiency



consumption overview. This overview is provided by the
household’s energy provider. Because this bi-monthly
overview is provided to all participants in the research,
we have included questions in the questionnaires and
interviews about it in order to evaluate the effect of the
apps in comparison to the bi-monthly overview.

Research setup

The conceptual model for this research (Fig. 3) follows
the reasoning underpinning the policy for smart meter
implementation, namely that the use of the feedback
system results in increased insight in one’s energy con-
sumption and thereby enables a household to change
daily energy-related behavior and/or make changes to
the home that result in reduced energy consumption.
The continued use of the feedback system enables the
user to increase the learning (insight) about the house-
hold’s energy consumption and perform further changes
in daily behavior or investments. This conceptual model
is used as a basis for the data collection.

This research is quasi-experimental, given that we
were bound to the possibilities and decisions made by
the network operator for the research methods and par-
ticipant recruitment participants per method. The data
collection was organized as three studies with different
though complementary goals, methods, and samples.

The three studies include the following:

1. Measurement of electricity and gas consumption to
investigate, with a large sample, whether the avail-
ability of the feedback system has an effect on
energy consumption levels. The consumption levels
of households with a feedback system were com-
pared with those of a reference group.

2. Questionnaires to gain quantitative insight in the
effects of the feedback system on energy awareness,
behavior change, and evaluation of the feedback, as
well as demographic characteristics. To be able to
determine effects, the questionnaires were executed
with households with a feedback system, as well as
with households in a reference group. To evaluate
differences between the app user groups, the ques-
tionnaire included questions about app use and app
characteristics.

3. Interviews with app users to gain insight into how
people used the apps. The interviews were used to
complement the quantitative insights from the
questionnaires.

In the following sections, we describe the research
procedure and recruitment process for each study.

Procedure

Measurement of electricity and gas consumption

For a period of 16 months, the electricity and gas con-
sumption per day were measured for households that
consented to have their meters read by the distribution
network operator. The energy consumption data were
quantitatively analyzed, comparing the differences be-
tween the application user group and the reference
group. Before the analysis, the dataset was cleaned by
removing double entries and correcting erroneous data
points due to errors in registration of the data.
Additionally, cases with extreme values (M ± 2SD)were
removed from the sample because these may relate to
incorrect meter readings, and we did not want these
extreme values to influence the overall results. This

Use of the
feedback 
system

Behaviour
change

(Daily behaviour
& Investments)

Insight in 
energy 

consumption

Changes in 
consumption

levels
(kWh, m3)

Fig. 3 Conceptual model
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meant that all cases with values above 20-kWh daily
electricity consumption were removed from the set of
electricity consumption data (4% of the total cases was
removed) and all cases with values above 8 m3 daily gas
consumption were removed from the set of gas con-
sumption data (3% for application user group and refer-
ence group combined). No cases were removed due to
extreme low values (M-2SD) because this corresponded
to negative consumption (− 1 kWh and − 4 m3 respec-
tively) and these were not present in the sample.
Additionally, the yearly consumption was collected for
each household for the year before the intervention
(2013) and the years the intervention ended (2014 and
2015).

Questionnaires about application use, insight
in consumption, and energy-saving behavior

Questionnaires were developed for telephone question-
naires of approximately 10 min. We opted for telephone
questionnaires because of the higher response rates for
this method compared to online questionnaires. The
questionnaires were held up to 5 months (T1) and up
to 11 months (T2) after installation of the smart meter.
They were conducted over a period of 3 to 4 weeks. The
questionnaire for T1 focused on the short-term effects of
the feedback system and the questionnaire for T2 on the
effects in the longer term. The second questionnaire also
addressed the default bi-monthly overview. For the sec-
ond questionnaire, only the people who had responded
to the questionnaire for T1 were contacted.

The main topics for respondents in both the applica-
tion user group and the reference group were as follows:

– Perceived insight in one’s household energy con-
sumption with the feedback system

– Extent to which the used feedback system helps to
save energy

– Effects on energy-related behavior, i.e., changes in
daily activities and implementation of energy effi-
ciency measures

In case of the reference group, the feedback system
refers to the smart meter and the bi-monthly overview.

The application users were additionally asked about:

– Which application was (most) used
– How often they used the application

In the Appendix Table 5, a list of the questions and
answer options is provided. Five-point scales were used
as much as possible for the scale variables. Other ques-
tions were categorical or included an open answer op-
tion. With the survey results, we aimed to compare the
groups’ perceived insight in energy consumption and
behavior changes.

Interviews

To gain deeper insight into how people used the apps,
semi-structured face-to-face interviews with a duration
of about 1 h were held. These interviews were used to
complement and explain the findings from the energy
data measurements and questionnaires. The interviews
topics included the following: how people used the app
in their daily lives, how the app helped households gain
insight into their energy consumption, how people dealt
with energy-saving measures for their home, and the
extent to which the other household members were
involved in the use of the app and energy saving.

The interviews were held in two rounds, within
6 weeks after the first and second questionnaire respec-
tively. The interviews were fully transcribed, coded, and
analyzed to explain results from the questionnaires.

Because of the qualitative nature of this study, a small
sample size could suffice, as long as we reached data
saturation. When there are repeatedly only one or two
new insights (or codes) for new interviews, one has
reached Bdata saturation^ (Guest et al. 2006). Guest
and colleagues (Guest et al. 2006) concluded that, with
a group of relatively heterogeneous individuals, 12 in-
terviews should suffice to reach data saturation.
Hagaman and Wutich (2017) suggest that 12 to 16
interviews are sufficient for a focused topic and hetero-
geneous group.

Participant recruitment

For the recruitment of research participants, we adhered
to the standard process applied by the distribution net-
work operator so that the research conditions would be
as close as possible to the default process of smart meter
installation and evaluation. We therefore first made a
selection of addresses for installation of a smart meter
according to the standard process, namely about 5000
addresses. We only included single-family houses in
small cities and villages in the Netherlands, because
the majority of Dutch dwellings are single-family
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houses and these are thus an important target group for
energy-saving measures. A portion of these addresses
was designated for recruitment to the application user
group (approx. 3500) and a portion for the reference
group (approx. 1500). The selection for the application
user group was larger because we had to take into
account a response rate for applying to the P1-reader
as well as for participation in the research. For the
selection of the reference group, we only had to consider
the response rate for participation in the research.

All households were sent a letter announcing the
installation of the smart meter in their home according
to the standard procedure of the distribution network
operator. After installation of the smart meter, they were
sent a smart meter information package by mail. For
households assigned to the application user group, this
package also included a flyer with the offer to apply for
the feedback system, and they were sent follow-up
letters reminding them to apply for the system. The
feedback system had to be requested via an online
registration form. After registering, P1-readers were sent
to the homes of the applicants, who could install them
themselves with guidance from an installation manual.
The applicants could also download and install the apps
themselves and connect the apps to the P1-reader as
soon as the latter was connected to the smart meter.
The households were free to choose an app.

The installation of smart meters took place over a
period of several months according to the availability of
installers and householders. In the end, 1428 households
applied for the feedback system and could thus be
approached for energy consumption measurement,
questionnaires, and interviews as part of the application
user group. For the reference group, we could reach out
to approximately 1500 households, provided that the
installation of the meter had been successful.

Recruitment for energy consumption measurement

With respect to energy consumption measurement,
households had to consent explicitly to daily meter
reading by the distribution network operator. To obtain
this permission, the households with a feedback system
were sent an e-mail. For the reference group, a random
selection of households was called by phone with the
request to sign up via an online form. The response was
18% for the households with feedback system and 17%
for the reference group (see also Table 2). The gas and
electricity consumption of 519 households could be

measured for a period of 16 months in 2014 and 2015
(application user group n = 264; reference group n =
255).

Recruitment for the questionnaires

For the questionnaires at T1, addresses were selected
randomly from the application user group and the refer-
ence group. To avoid a bias in our sample, we did not
prioritize approaching the households who participated
in the meter readings study for participation in the
questionnaire study. At T2, only households that had
participated at T1 were approached, and in the applica-
tion user group only those who were using an applica-
tion at T1. This resulted in complete questionnaires at
T2 of n = 119 for the application user group and n = 151
for the reference group. There was a small number of
households for which both questionnaire results and
energy consumption measurements were available at
T2, namely n = 42 for the application user group and
n = 55 for the reference group.

Recruitment for the interviews

Participants for the interviews were selected from the
questionnaire respondents who had a feedback system
and indicated willingness to participate in an interview.
A total of 12 interviews with application users were
included in the analysis. Six of the interviews were
conducted at T1, and six at T2. Because the interview
setup was the same at T1 and T2, and no comparisons
were made across time, we treated the set of interviews
as one. After the 9th interview, we noted only incidental
new insights (codes) in our analysis (see Fig. 4), which
assured us that we had reached saturation. Thus, the
sample of 12 interviews provided sufficient insights to
understand the application users’ experiences.

Results

In this section, we describe the composition of the
sample to control for differences in demographic vari-
ables between the application user group and the refer-
ence group. Then we present the results from the anal-
ysis of consumption levels, followed by the results from
the questionnaires concerning the use of the applica-
tions, effects on the respondent’s insight in energy con-
sumption, and behavior changes in the household.
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Lastly, the results from the interviews are described,
which provide insights that help explain the effects
found in the analysis of the consumption data and ques-
tionnaires. The number of respondents per study is
summarized in Table 2.

Demographics

The demographic differences between the applica-
tion user group and the reference group were
assessed with independent t tests and chi-square
tests, based on the responses in the question-
naires. Significant differences were found only
for gender. The reference group consisted of few-
er male respondents than did the application user
group (70% vs. 90%; χ2(1, n = 224) = 12,564,
p < 0.001). It is noteworthy that there are more
male than female respondents. Given that we
requested the person in the household that had
been most involved with the smart meter and
feedback system to respond to the questionnaire,
it appears that in multiple person households, the
men were most often using the system (assuming
that most of the households with two or more
household members include male-female couples).
See Table 3 for the averages of the sample.
Because there are no significant differences on
the other variables and given that the majority
of respondents in both groups is male, we assume
for this study that the application user group and
the reference group are comparable with respect
to the variables related to the use of the feedback,
insight in energy consumption, and behavior
change.2

Effects on energy consumption

To find out whether energy saving took place in
the application user group, the consumption levels
of the households were normalized based on the
consumption the year before the intervention (af-
ter/before*100). This normalization allowed for a
comparison of the situation before and after the
intervention an independent t test with the con-
sumption levels as dependent variable and the
group as independent variable was performed. No
significant differences between the two groups
were found, for electricity (t(476) = 0.1228;
p > 0.05) and gas consumption (t(511) = − 0.353;
p > 0.05). Thus, no significant difference in energy
consumption was found between the application
user group and the reference group.3

Figures 5 and 6 show the gas and electricity
consumption for a period of 16 months during the
study, aggregated to an average per month of the
daily consumption. Note that the electricity con-
sumption for the application user group is struc-
turally higher than for the reference group, not
only during the study but also in the years pre-
ceding the study. The difference over the total
consumption during the study period is 7.7% and
significant (independent t test; t(461) = 2.053;
p < 0.05). The graphs in Figs. 5 and 6 illustrate
that no energy saving took place in the application
user group, because if energy saving had occurred
in that group the consumption levels of the appli-
cation users would have decreased over time in
comparison to the reference group’s levels.

2 A comparison between users of App A vs. users of App B did not
show significant differences.

3 This analysis was also conducted for the electricity and gas consump-
tion of the respondents to the questionnaire. No significant differences
between the application user group and the reference group for elec-
tricity (t(80) = − 1.155; p > 0.05) and gas consumption (t(76) = − 0.564;
p > 0.05).

Table 2 Number of participants per study. Response rate between parentheses

Study group Meter read-out Questionnaires Interviews

T1 T2

Application users 264 (18%) 303 (34%) 119 (42%) 12

Reference group 255 (17%) 454 (17%) 151 (74%) –

Total 519 757 270 12
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Results from questionnaires

Analysis of the questionnaire responses provided
insight into the differences between the application
user group and the reference group, between the
users of app A and app B, as well as changes over
the 6-month period between T1 and T2. We de-
scribe first the results concerning the use of the
feedback system, second the effects on the respon-
dent’s insight in energy consumption, and third the
effects of the feedback system on the energy-
related behavior of the households. The mean
scores for the variables discussed below are pre-
sented in Table 4. The distribution of the re-
sponses for the variables is included in the
Appendix Table 5.

Use of the feedback system

As described above, the households had to apply
for the feedback system and received it for free.

The results of the questionnaires showed that the
main reasons for applying were interest in gaining
insight in one’s energy consumption or in saving
energy (64%). Most households who used the
feedback system with one of the applications at
T1 still used it at T2 (70%). Twenty-nine percent
of the people had used more than one application
(56 out of 196 respondents at T1). For these
respondents, we asked which application they used
most. For questions related to application use, we
focused on the most used application, because it
can be expected that this application has most
influence on the application user’s behavior. The
majority of the application users mainly used only
one of the smartphone apps, namely 55% used
App A and 29% used App B at T1. The choice
for the most used app was based on it being the
first app people installed; this was either because it
was the only one that—they thought—was avail-
able or for its functionality (respectively 23%,
26%, and 18% of the responses at T1).

At T2, 64 of 97 respondents (66%) were still
using the initial app, while 4 had switched to
another app and 29 had stopped using an applica-
tion. The most mentioned reason that people had
stopped using the feedback system between T1
and T2 was that they did not perceive added value
(7 out of 19 answers). Other reasons mentioned
more than once included that the participant did
not make the effort to reconnect the P1-reader to
the internet, to reinstall apps, or look up pass-
words (e.g., after changing phones) (3 out of 19),
that he or she did not have time (2 out of 19), and
that the system no longer functioned (2 out of 19).

Table 3 Overview of demographics

Variable Value

Mean age of respondent 55

% male 79%

Mean amount of household members 2.65 persons

Mean floor surface 141.7 m2

Mean construction year of the house 1976

Mean gas usage (2013) 1737 m3

Mean electricity usage (2013) 3843 kWh
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At T1, the applications were used several times a
week on average. The use frequency dropped signifi-
cantly the longer the app had been in use. Between T1
and T2, the use frequency went from an average score of
Bseveral times a week^ to an average score of Bonce a
week^ (F(1,67) = 49,325; p < 0.001). A Mann-Whitney
U test revealed no significant difference in the use
frequency of App A and App B.

Effects of feedback system and time on insight in energy
consumption

A repeated measures ANOVA was performed with
the expected insight as dependent variable, the
groups (application user group vs. reference
group) as between-subjects factor, and time (T1–
T2) as within-subject factor. Application users
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reported expecting more insight into their house-
holds’ energy consumption levels than did the
reference group (F(1,195) = 20,269); p < 0.01).
For both groups, the expected insight diminished
between T1 and T2 (F(1,195) = 6278; p < 0.05).

The application users also reported the extent to
which the application helped them to save energy.
There was a significant difference between T1 and
T2 (Wilcoxon signed-rank test, p < 0.05). At T2,
the scores were lower than at T1. Application
users appreciated the application more than the
bi-monthly overview in helping them to save en-
ergy (Wilcoxon signed-rank test, p < 0.05). A
Mann-Whitney U test did not show a significant
difference between App A and App B in terms of
their tendencies to help save energy.

Effects of feedback system and time on the household’s
behavior

At T1 and T2, the questionnaire respondents were
asked about the extent to which they had adjusted
their daily behavior. A repeated measures ANOVA
was performed with behavior change as dependent
variable, the groups (application user group vs.
reference group) as between-subjects factor, and
time (T1–T2) as within-subject factor. The appli-
cation users reported more behavior change than
did the reference group at both T1 and T2
(F(1,222) = 11,704; p < 0.001). Furthermore, both
groups indicated an increase in behavior change
between the first and the second questionnaire
(F(1,222) = 21,584; p < 0.001).

Table 4 Mean scores of the questionnaire results for the different
groups. See Appendix Table 5 for more details about the possible
scores for each topic. The superscripts in the 4th and 5th columns
(a, b, and c) indicate significant differences between test results,

e.g., the superscript a for the results on insight in energy consump-
tion indicates a significant difference between the application user
group and the reference group

Topic Group n T1 M (SD) T2 M (SD)

Use frequency Application user group 68 6.19 (1,22)a 4.79 (1,70)a

Reference group N.A.

Total N.A.

Insight in energy consumption Application user group 94 2.52 (0,65)ac 2.32 (0,75)bc

Reference group 103 2.01 (0,77)ac 1.96 (0,85)bc

Total 197 2.25 (0,76)c 2.13 (0,82)c

Help with energy-saving application Application user group 68 3.34 (0,96)a 2.76 (0,88)a

Reference group N.A.

Total N.A.

Help with energy-saving bi-monthly overview Application user group 60 N.A. 2.58 (0,85)a

Reference group 89 N.A. 2.45 (1,14)a

Total 149 N.A. 2.50 (1,03)

Behavior change–daily behavior Application user group 97 1.90 (1,03)ac 2.29 (1,04)bc

Reference group 127 1.54 (0,92)ac 1.86 (1,09)bc

Total 224 1.70 (0,98)c 2.04 (1,09)c

Behavior change –changes to home Application user group 97 No: 86 (89%) No: 66 (68%)

Yes: 11 (11%)a Yes: 33 (32%)ab

Reference group 127 No: 117 (92%) No: 112 (88%)

Yes: 10 (8%) Yes: 15 (12%)b

Total 224 No: 203 (91%) No: 178 (79%)

Yes: 21 (9%) Yes: 46 (21%)

Behavior change–intention to take measures Application user group 97 2.52 (1,05)ac 2.09 (1,03)bc

Reference group 127 2.02 (1,07)ac 1.65 (0,87)bc

Total 224 2.24 (1,09)c 1.84 (0,97)c

Energy Efficiency



A repeated measures ANOVA with behavior
change as the dependent variable, time as the
within-subjects factor, and application (App A
and App B) as the between-subjects factor indicat-
ed a main effect of time (F(1,79) = 11,077;
p < 0.01), but did not reveal a significant effect
of the apps. Thus, for both apps, more behavior
change was reported at T2, but we did not find
support for the possibility that one app performed
better than the other.

To investigate whether the application use fre-
quency was positively related to changes in daily
behavior, we performed a correlation analysis. The
extent of daily behavior change correlated signifi-
cantly with use frequency (at T1: Spearman’s rho =
0.279, p < 0.01; at T2: Spearman’s rho = 0.473,
p < 0.01). The same applies for the intention to
make changes to the house (at T1: Spearman’s
rho = 0.320, p < 0.01; at T2: Spearman’s rho =
0.365, p < 0.01). Thus, the more frequently people
used the app, the more likely they were to report
behavior change.

The respondents were also asked whether
they had actually replaced appliances or made
adjustments to their home (answering with yes
or no). At T1, 9% of all respondents reported to
have taken measures. A chi-square test did not
show a significant difference between the applica-
tion users and the reference group at T1. For the
response at T2, a chi-square test showed that the
application user group had taken significantly more
measures than the reference group, namely 32%
vs. 12% (χ2(1, n = 224) = 13,680 p < 0.01).
Furthermore, at T2, more application users report-
ed to have taken measures than at T1 (McNemar’s
test, p < 0.05).

When comparing the users of App A with those
of App B, chi-square tests did not show significant
effects between the two apps at T1 or at T2. More
users of App A reported energy-saving measures at
T2 than at T1 (McNemar’s test, p < 0.05). For
users of App B, this effect was marginally signif-
icant (p = 0.065).

In an open question, the respondents stated
what adjustments they had made. The most men-
tioned measures at T2 were as follows: changing
the lights, changing insulation, and buying energy
efficient appliances, at respectively 47%, 14%, and
12%.

We also asked about the extent to which re-
spondents intended to make adjustments to their
home in the future. A repeated measures ANOVA
with intention as dependent variable, the groups
(application users and reference group) as
between-subjects factor, and time (T1–T2) as
within-subject factor was performed. There were
main effects for group and time. The intention to
make adjustments was higher in the application
users group than in the reference group
(F(1,222) = 17,792; p < 0.001) and the intention
dropped in both groups between T1 and T2
(F(1,222) = 25,468; p < 0.001).

To assess differences in the effects of App A vs.
App B, a repeated measures ANOVA was per-
formed, with the extent to which adjustments were
intended as the dependent variable, time as the
within-subjects factor, and the app (App A and
App B) as the between-subjects factor. This
showed a main effect of time (F(1,79) = 13,835;
p < 0.01) but no significant effect between the
apps. Thus, for both apps, higher intention to
make adjustments was reported at T2, but the
specific app used caused no effect.

The decrease in reported intention may be ex-
plained by the fact that households took measures
between T1 and T2, and as a result had less
intention to make more adjustments. Alternatively,
it may be that over time households had clearer
ideas about whether they would implement the
initially intended changes. If they had become less
inclined to, their intention would lessen.

When respondents indicated an intention to
make adjustments, they were asked to clarify
what they intended to do. Figure 7 shows the
distribution of responses over the mentioned mea-
sures. Most mentioned were insulating (25%),
installing solar panels (20%), and replacing lights
(16%). It is remarkable that 18% of the respon-
dents stated that they did not have a concrete idea
yet.

Interview results

The analysis of the consumption data did not
demonstrate energy saving in the group of appli-
cation users compared to the reference group. The
questionnaire results, on the other hand, indicated
that the application users perceived more insight
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into their consumption and reported more energy-
saving behavior. The results from the interviews
provided more insight into this apparent contradic-
tion by shedding light on how the application
users utilized the feedback system. The results
presented here are based on statements by multiple
persons.

Use of the feedback system

The interview results indicate that the application
users used the applications initially to gain insight
into their consumption and then to monitor their
consumption levels over time. The decrease in use
frequency between T1 and T2 can be explained by
this transition. In the beginning, the users would
use the app more frequently to learn how their
energy patterns were built up. Some of the respon-
dents actively checked the consumption of specific
appliances by switching them on and off or by
trying to explain the total consumption (BWhat
appliances are currently on?^). After a while, when
they had sufficient insight in their consumption
patterns (Bknow how it works^), they mainly used
the app for monitoring purposes, which was done
on a less frequent basis. When deviations from the
usual known pattern were seen, a user would look
for an explanation and, if possible and desired,
take measures. Different respondents discovered
in this way that, for example, the oven was not
functioning well, that the door of a built-in refrig-
erator did not close anymore, or that the heating
element of the dishwasher was not functioning.

With respect to the main functions of the apps,
interviewees explained the different uses of the
current consumption screen and the historical con-
sumption screen. The current consumption infor-
mation was used to understand where and when
energy was consumed, how much energy-specific
appliances used, and to find out where energy was
wasted. The historic consumption was used to
monitor consumption over time, to explain chang-
es, and to check for deviations from the usual
pattern. In general, historic consumption per day/
week/month was perceived to be more relevant
than the current consumption. We expect that the
comparison over time made the information more
meaningful to the application users, because they
could interpret the differences between high and
low consumption during a specific day, for exam-
ple by knowing that the washing machine was
used or that the heating was off because no one
was at home. The historic information was also
used to monitor and control the time of day that
appliances are used. Someone who had conscious-
ly taken energy efficiency measures would look at
the historic consumption graphs to see if the mea-
sures were actually resulting in lower consumption
levels compared to before. In this respect, some of
the respondents stated that they were waiting to
complete a year of historical consumption data so
that they could compare particular months with
those of the year before.

The development of habits around the use of
the application seems to be related to the use
f r equen cy. One u s e r c he ck ed t h e da i l y
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consumption pattern before going to bed and
would regularly discuss with his wife how to
decrease their consumption. Others would consult
the app as part of their regular Bplaying^ with
their smartphone and checking of social media
apps . O the r s wou ld open the app Bj u s t
sometimes,^ or consult the app at a moment when
they Bjust wondered^ how much the current energy
consumption was.

In each case, the interviewee was the only per-
son in the household who had installed and used
the application. This person, who could be called
the Benergy manager,^ was often the person in the
household who stimulated and executed the
energy-saving activities in the household and who
dealt with the contract with an energy provider.
Most respondents explained that they discussed
insights from the app with their partner (10 of 11
who lived with a partner). The involvement of
household members ranged from being more or
less actively involved in maintaining or finding
new energy-saving behavior, to leaving energy
management to the Bmanager,^ and following his/
her suggestions. During the interviews, we met
one household where both partners were active as
Benergy managers.^ One of them used the app and
reviewed bi-monthly overviews, while the other
dealt with the energy provider—Bshe knows the
password^—and had noted down the meter read-
ings on a weekly basis before they had a smart
meter.

In the questionnaires, we found that application
users perceived improved insight in their energy
consumption. Given the additional insights from
the interviews, we can say that this improved
insight would only have translated to an increased
awareness in the whole household if the energy
manager shared insights from the app with house-
hold members and they were also (becoming) in-
volved in energy-saving activities.

Insight in energy consumption and help for energy
saving

From the interviews, we learned that the applica-
tions can lead to insight into household energy
consumption expressed on several levels: (1)
Insight into the amount of energy the household
consumes and the pattern of consumption, (2)

Insight into the consumption of specific appliances
and how those figure into overall consumption, (3)
Insight into how one’s consumption compares to
other households or to what is Bnormal,^ (4)
Insight into possibilities for energy saving, namely
by knowing which appliances, technologies, or
behaviors contribute to the desired energy con-
sumption levels. While the first two levels were
mentioned by most respondents, the third and
fourth were mentioned by only a few of the
interviewees.

There were various opinions on the extent to
which the apps actually helped to save energy.
Some people were content with the provided in-
sight and stated that it helped them to save energy,
while others required more concrete, detailed in-
formation. These latter were not sufficiently moti-
vated by the available information because it did
not provide them with the tools to take action.
This may also explain why 18% of the respon-
dents with intentions to take energy-saving mea-
sures were not able to mention concrete plans (see
Fig. 7). One respondent, for example, said the
household had already saved a lot (insulation, ef-
ficient appliances, energy-saving routines) and now
needed more detailed information in order to opti-
mize appliance use. A common remark when
asked about the use of the feedback was that they
wondered how to utilize the information the app
provided. They wanted more actionable insights
that are applicable to their own situations.

Changes to the household’s energy-related behavior

Some interviewees stated that they had become
more aware of their consumption and thus were
looking for—and taking advantage of—energy-sav-
ing opportunities for their homes and daily rou-
tines. For example, one respondent had structurally
lowered the set temperature of the central heating
system since he had installed the feedback system.
Others indicated that they had replaced light bulbs
or purchased more efficient appliances like dish-
washers, washing machines, and refrigerators.
Several respondents suggested that the feedback
itself did not cause the energy-saving action, but
that it helped to inform or incentivize decision
making. Intentions thus appear to be reinforced
by the feedback system.
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The interviewees also shed light on factors that
may have limited the effects of the feedback on
energy saving. One important reason for little be-
havior change that the interviewees mentioned was
that they already had energy-saving habits and had
already made several investments to increase (or
maintain) the household’s energy efficiency.
Another reason was that respondents did not want
to lessen their general comfort, even though they
expected that there were possibilities to save more
energy.

In cases in which the feedback information was
used to evaluate the current situation and the
household was satisfied with the consumption
levels, e.g., because it was below the average for
similar households or within one’s budget—no ac-
tion was taken. Additionally, energy efficiency in-
vestments or changes in behavior were not likely
when the household did not have concrete ideas
about what action(s) to take. In order to actually
take action, the household must take the extra step
of making the effort to find out how to save more
energy. A user’s motivation to save energy should
be high enough to take this extra step.

The quest ionnai res indica ted that more
energy-saving measures were taken in the long
term at T2. This may be explained from the
interview results, which suggest that households
first must take action to understand what they
can and want to change, and then make changes
at moments that suit them. Two respondents
stated that they had asked for advice on the best
option for their specific situation. One of them
explained that he was getting advice and quota-
tions for a new air conditioner, but had not
decided yet. Furthermore, respondents would of-
ten wait for the right time to make adjustments,
for example because an appliance had not yet
reached its end of life or because the household
could not yet afford a certain investment. This
was mentioned in connection to changing light
bulbs and appliances such as refrigerators and
washing machines, and insulation.

Discussion

As noted in the introduction of this article, a
premise for the promotion of energy feedback

systems is that people become more aware of their
energy consumption patterns and undertake activi-
ties to save energy, such as changing their behav-
ior or implementing energy efficient technology.
From other studies, we know that the way in
which the feedback is provided—the design of
the feedback system—plays a role in how people
engage with that system and whether or not energy
savings are achieved (e.g., Kobus et al. 2015b;
Buchanan et al. 2015). From the questionnaires,
we found that the users of the smartphone/tablet
applications reported higher awareness and more
energy-saving activities than the reference group.
However, we did not find an actual effect in terms
of measured gas and electricity consumption
levels.

How can these differences in results be ex-
plained? First, the results are based on different
samples that may differ in their energy behaviors.
Yet considering that no energy savings were re-
vealed by an additional analysis on the more re-
stricted sample of the households who participated
in both the energy measurement and questionnaire
studies, this explanation does not seem likely.
Another more likely explanation would be that
participants may have given socially desirable an-
swers in the questionnaire study, meaning that
participants provided an over-optimistic picture of
their energy behavior. Finally, the interview results
indicate that the applications tended to be used to
monitor consumption levels and thereby gain more
awareness, rather than to achieve lower consump-
tion levels.

Given that the designs of the apps in this study
are similar to many of the apps available in the
Netherlands, it will be important in the future to
look into ways to improve their designs, so that
they not only facilitate energy monitoring but also
encourage energy saving. The insights from the
interviews into how people used and evaluated
the feedback system provide some explanations
and allow for the formulation of recommendations
for the design of an app-based feedback system.

The study results suggest that the applications
were used to gain insight in one’s energy con-
sumption levels and to monitor consumption over
time (i.e., to check whether consumption levels are
as expected), rather than as a tool to save energy.
The applications did not seem to offer sufficiently
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concrete and actionable information to assist in
energy saving and, in the case of low motivation,
to motivate undertaking energy-saving activities.
These findings are in line with a study by
Nilsson et al. (2014) in which insufficient under-
standing of the provided information and lack of
interest in energy saving were shown to be impor-
tant barriers to achieving energy savings. The ap-
plication should thus provide information that is
relevant, meaningful, and actionable to users who
do not have a strong interest in understanding their
consumption.

Hargreaves et al. (2013) described how a
householder may think that it is not possible to
save energy while maintaining a comfortable life-
style because he or she is not aware of possibil-
ities or methods for achieving energy savings
without decreasing one’s comfort. We also found
this in the interviews in this research. We also
found that no energy-saving actions were taken in
households where the feedback information was
used to evaluate the current situations and the
householders thought that the consumption levels
were acceptable, for example, because a con-
sumption level was lower than that of similar
households, or was within the household’s bud-
get. These findings lead us to recommend that an
application designed to achieve change in a
household’s energy-related behavior must guide
users towards becoming aware of how and where
to save energy in ways that match the house-
hold’s needs and abilities.

The finding that the apps were used for moni-
toring purposes after an initial learning phase was
also observed in the evaluation of the smart meter
roll out in the UK. The UK researchers observed
that most households that received an in-home
display after the installation of the smart meter
were still using it 2 years later to monitor their
consumption. There were also energy-savings ef-
fects of about 2–3% (Darby et al. 2015). In our
research, we found that most of the application
users were still using their app after more than
6 months (74% in the questionnaire at T2). So
perhaps the fact that people can continue to use
an app to monitor their consumption may, in time,
pay off as people gradually change their behavior
and implement energy-saving measures. To gain
more insight into this potential, we suggest

looking into the effects of apps that have been
available in the market (paid or for free) for sev-
eral years.

The feedback system was easily accessible with
the smartphone/tablet application, but this did not
facilitate frequent use of the app in the long term.
We found a significant drop in use frequency
between T1 and T2. Given that the application
users were self-selected to the research by apply-
ing for the feedback system, we would expect a
basic interest in energy consumption and therefore
recurring/frequent use of the app. If a high-use
frequency could not be sustained within this sam-
ple during the research, households that are not
interested in applying for a free feedback system
may be even less likely to use an app regularly.
As we uncovered in the interviews, one reason for
low-use frequency can be the limited relevance of
the information to the user and declining perceived
relevance of the information after an initial learn-
ing period. Additionally, an app can easily be Bout
of sight, out of mind.^ People have to deliberately
look up and open the app on their smartphone/
tablet. When they are not committed to do so, or
triggered by, e.g., an icon on their home screen or
notifications, this provides a barrier to seeing and
using the feedback.

A higher use frequency was found to be related
to more energy saving by Kobus et al. (2015b)
and is suggested as well by the correlation found
in this study with respect to reported use frequen-
cy and behavior change. Therefore, we recommend
exploring which design elements of an app draw
more attention from users, for example, via notifi-
cations with tips or reminders related to one’s
actual consumption pattern, or ambient cues indi-
cating via colors, or icons showing when energy
consumption is higher than expected from one’s
normal consumption. Sustaining a user’s interest
in the feedback information can be a challenge
for energy saving via a feedback system
(Buchanan et al. 2015; Darby et al. 2015; Kobus
et al. 2015b). App designers should thus also
consider how an app can continue to be relevant
as the household’s consumption patterns and inter-
ests change over time. Given that apps are device-
specific—unlike in-home displays—and easily up-
dated, they offer a valuable opportunity in the
sense that they can grow along with their users.
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Another factor that may have influenced the
effectiveness of the feedback system was that the
apps were only used by the Benergy manager^ of
the household. The information about a house-
hold’s energy consumption was therefore only han-
dled by one person. This person would have to
initiate conversations about the household’s energy
use and to get cooperation from family members
for investing in energy efficiency measures or to
make changes in daily routines. This barrier was
also observed by Van Dam (2013) and Hargreaves
et al. (2010). The disadvantage of an app, com-
pared to an in-home display, is that it is not a
shared object in the household. We have two sug-
gestions for this issue: first, to make it easy for
the energy manager to share insights and ideas
with his household members, and second, to make
the use of the app more attractive and relevant for
all household members. This also means that the
feedback system has to respond to the dynamics of
daily practices in homes. In the words of
Strengers, the design has to move beyond the
interest of the rational and individual BResource
Man^ (Strengers 2014).

We found that the implementation of energy-
saving measures takes time. People have to find
out what energy-saving measures they want to
take, and this often involves waiting for the right
moment. A necessary replacement of appliances
and the making of home improvement plans are
often moments when energy efficiency consider-
ations are more easily taken into account and
executed (Verplanken and Wood 2006; Stieß and
Dunkelberg 2013). For the effects of the interven-
tion in this study, this means that the feedback
may contribute to energy saving that occurs after
the intervention. For the design of a feedback
system, we recommend that it supports the
decision-making process for the implementation
of energy-saving measures by complementing en-
ergy consumption information with more contextu-
al information and advice, e.g., about how to best
get advice tailored to your home from local ex-
perts, about cost-benefit trade-offs, and about
available subsidies.

Finally, it is important to reflect on what the
energy-saving potential actually was during the
study. The energy-saving actions of the households
may not have had a noticeable impact on the

overall consumption levels. Several households
suggested that their house and behavior were al-
ready quite energy efficient, which leads to the
question of how much more energy could have
been saved with the measures that were primarily
mentioned: changing light bulbs and purchasing
efficient appliances. For interventions like the one
in this study, it is recommendable to estimate the
potential savings beforehand. Knowing this, you
could also provide your users with more relevant
and actionable information tailored to their own
situations.

Limitations of the study

We structured our research to obtain a represen-
tative sample of Dutch households. The demo-
graphics of the sample do however differ to
some extent from those of the general Dutch
population and those of other countries. In com-
parison to the Dutch population4, the sample for
this research is older and more highly educated.
More of the houses are privately owned than
rented. The homes are relatively new (later
built), and they also have larger floor surfaces,
more occupants, and higher energy consumption
on average. Complementary research with sam-
ples of different compositions could provide in-
sight herein.

This research was executed in a natural setting
within the regular process of smart meter instal-
lations. The recruitment of participants for ques-
tionnaires and meter readings had to be done
separately from the meter installation and the
participants’ application for the feedback system,
in order to avoid influencing the network opera-
tor’s usual way of approaching households for
smart meter installations. As a result, a self-
selection bias was introduced for the application
user group and we were not able to work with
one large sample for which both meter readings
and questionnaire results were available. Our
research approach did however provide a unique
opportunity to study the effects of a feedback
system in a normal situation. By setting up the

4 Based on data from the Central Bureau of Statistics of
The Netherlands. Accessed online via statline.cbs.nl in 30March 2016.
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three studies, we were able to gain complemen-
tary insights into the effects of the apps on
household energy consumption, both quantita-
tively and qualitatively.

In this research, we chose to let one respon-
dent represent the household, yet one respondent
cannot fully represent a multi-person household.
This study collected and examined the viewpoints
of household energy managers. For a more com-
plete picture of the role of a feedback system,
future research would have to address the com-
plex dynamics of households and the (energy-
consuming) products and services they use. This
is particularly relevant for finding out how prod-
ucts and services can facilitate energy efficiency
within a household’s daily practices and as related
to its wider social context, as described, e.g., by
Shove (2010) , Gram-Hanssen (2010) , and
Schwartz et al. (2015).

Conclusion

This research contributes to the existing literature
about feedback systems with insights into the use
and effectiveness of a smartphone/tablet app. The
application users in the sample with measurement
of energy consumption levels did not show a de-
crease in their energy consumption during the re-
search period, compared to the reference group.
Yet in the sample who responded to question-
naires, application users reported increased aware-
ness and energy-saving activities compared to the
reference group. Further insight from interviews
with application users indicated that people used
the apps mainly to learn how their energy con-
sumption levels are built up and to monitor the
consumption levels over time, rather than to de-
crease one’s consumption levels. In line with other
research into feedback, the interview results sug-
gest that an app could be more effective with
information that is more actionable and meaningful
with respect one’s own specific situation.
Furthermore, more effectiveness can be expected
when a higher use frequency is stimulated and
insights are provided that relate to the goals the
end-users want to achieve in their household.

Based on this research, we cannot yet conclude
whether apps do or do not lead to energy saving.

Further exploration is recommended with respect
to how the design of such apps can encourage a
wide audience to monitor their consumption and
guide them in taking action to change their con-
sumption levels. In light of the implementation of
smart meters and feedback systems based on meter
data, policy makers should be aware that feedback
systems do not necessarily lead to energy savings
because their effectiveness depends on their de-
signs and the contexts in which they are imple-
mented. Feedback systems play a valuable part by
making energy consumption visible, but a compre-
hensive approach with complementary products,
services, and/or policies is important in facilitating
a household’s process of learning and decision
making about energy efficiency. Policy makers
should take this into account when defining goals,
approaches, and guidelines for stimulating energy
saving.

In view of the current energy transition, with
increasingly decentralized production of renew-
able energy and the growing uptake of electric
transport and heat pumps, we suggest broadening
the discourse on smart meter implementation for
households. The insight in energy consumption
and production that smart meters can provide
should go beyond encouraging households to
solely save energy, enabling them to adjust their
electricity consumption patterns to the demand
and supply of (local and renewable) energy.
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