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Abstract

The shift towards the adoption of sustainable practices in energy consumption has been
boosted by the unprecedented diffusion of digital technologies, such as smart meters

and other monitoring devices, that support households in changing their daily behaviour.
However, more than just information and communication technologies are needed to foster
long-lasting behaviour change toward the energy transition. Current theories suggest that
behaviour changes involve multiple phases, requiring motivational systems to support pro-
gress between phases and long-term maintenance of the desired behaviour.

Social Power Plus is a mobile application that guides a community of more than 200 Swiss
households towards more sustainable energy consumption routines at home. The app
adopts the Model of Action Phases (MAP), which identifies four phases of behaviour change
(predecision, preaction, action and maintenance). Through a participatory design pro-

cess, we identified app features that, using proper data visualisation techniques, focus on
providing as much actionable feedback as possible. The app also offers social network-like
features that have the potential to leverage transition processes by fostering the sharing of
experiences and knowledge around energy saving.
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1. Introduction

Worldwide, energy consumption is constantly raising due

to population growth and rapid urbanisation. Coupled with
current dependency on fossil fuels, this resulted in ever-in-
creasing carbon emissions. A large body of research has
been undertaken to support efficiency in energy provision
infrastructures (Shu & Zhao, 2023; Maghsoudi et al., 2022).
Taking advantage of the unprecedented diffusion of digital
technologies, such as smart meters, sensors, and other mon-
itoring devices, and of the related development of informa-
tion and communication technologies (ICT), researchers have
also widely explored novel feedback-based strategies aimed
at supporting individuals in the transition towards sustain-
able behaviour in the residential domain (Fraternali et al.,
2019; Wemyss et al., 2019). However, more than just sensing
and ICT technologies, providing quantitative feedback on

the amount of consumption is needed to foster a long-last-
ing energy transition. Recent reviews of app-based research
experiments, in fact, showed that, although feedback-based
interventions have high behaviour change potential at the
individual level (Chatzigeorgiou & Andreou, 2021), they fail to
address the systemic level, where infrastructures, social net-
works, and other social practices can act as both enablers and
constraints on changes in households’ energy demand (Raven
et al., 2021). Furthermore, reviews highlighted that not only
does the design of energy feedback systems have to provide
insights on energy consumption levels, but it also has to offer
sufficiently concrete and actionable information to assist tar-
get users in energy-saving behavior (Karlin et al. 2015; Geelen
et al., 2019).



In the Social Power Plus (SPP) interdisciplinary research pro-
ject, we guided more than 200 Swiss households towards
adopting more sustainable energy consumption routines via

a mobile application (app). The SPP app, developed through a
participatory design process, is grounded on a phase model of
behaviour change: using persuasive design principles and feed-
back systems based on data visualisation, its features allow us-
ers to progress along the phases of behaviour change and also
support the maintenance of the behaviour in the long term.

2. Design Interventions Grounded in Behaviour Change
Theories

Within technical tools, users might perceive automation as a
lack of choice, which could decrease their willingness to adopt
more sustainable behaviours. Additionally, without feedback
on the cause-effect relationship, users might not learn and
adapt their behaviour in a long-lasting way (Lilley, 2009).
Thus, specific design solutions, namely the practical respons-
es to specific user needs and desiderata, must be incorporated
into the technical tools to actively support users’ behaviour
change. The possible design solution range reflects a spectrum
of behaviour change strategies, from targeting fully conscious
processes to fully unconscious processes, or a combination

of both. Strategies targeting conscious processes require cog-
nitive activities triggered by perceivable events and involve
awareness, deliberation, and intentionality. They include pro-
viding information, fostering individuals to set specific, meas-
urable, achievable, relevant, and time-bound (SMART) goals,
promoting self-monitoring, and leveraging personal and social
norms and social influence (Marteau, 2017).



Strategies targeting unconscious processes instead require less
cognitive processing because they are based on uncontrolled
activities, often based on automatic mental associations, con-
nections, and emotions formed in the mind through past ex-
periences and learning triggered by specific design elements.
These design strategies, also known as “nudges”, include:
setting default options, visually highlighting specific options
instead of others, exposing individuals to certain stimuli that
can influence a subsequent behaviour (“priming” strategy),
evoking positive or negative feelings, aligning behaviours with
individuals’ self-perception or ego (Dolan et al. 2012).

Usually, behaviour change interventions tend to adopt more
than one of such strategies.

Research has shown that the most effective interventions are
those whose design is explicitly grounded in behavioural the-
ories. To support such a process, researchers developed sev-
eral theoretical models. They are typically grounded on the
isolation and identification of specific target behaviours and
encompass a wide range of operational process phases and
activities to ensure a broad acceptance and usage of the final
artefact. The Design with Intent method (Lockton et al., 2010),
for instance, identifies for an individual target behaviour a sub-
set of the most applicable design patterns among patterns de-
rived from architecture, cognitive science and other disciplines
related to human behaviour. Similarly, the Behaviour Wizard
method (Fogg & Hreha, 2010) selects the target behaviour
among 15 behaviour types, combining five behaviour flavours
(five behaviours provided of a certain degree of familiarity
and intensity) and three durations (one-time, short-term dura-
tion and permanent). According to how the target behaviour is



triggered it adopts specific design solutions. The Behavioural
Design method (Cash et al., 2017) identifies not only behaviour-
al trends and triggers but also defines measurable behavioural
solution requirements via extensive prototyping, to ensure
there are no significant negative effects and to quantitatively
and iteratively verify the impact of the proposed design solu-
tion compared with the baseline data from the field study.

With a more pragmatic intent, a recent extensive review of ar-
ticles about energy-saving home applications (Tongsubanan &
Kittichai, 2024) highlighted that most of them lack a clear un-
derstanding of users’ needs and expectations. Because of this,
the article suggests implementing the User-Centred Design
(UCD) methodology. UCD is a design process that originated
in Donald Norman’s research laboratory at the University of
California San Diego in 1986, where end-users influence how
a design takes shape (Abras et al., 2004). UCD focuses on
identifying and emphasizing user needs and preferences com-
prehension throughout the design process. UCD includes the
following steps: 1) understand user characteristics and needs;
2) define the problem the design solutions aim to address; 3)
generate ideas and explore various design solutions that have
the potential to address the identified problem; 4) develop
prototypes of the design solutions; 5) test the prototypes with
the users; 6) based on the feedback received during testing, re-
peat the 3-4-5 steps to improve user experience and align the
design with user needs and preferences.

Some of the techniques commonly used in the design process
includes: user interviews to gather users’ needs and desidera-



ta, participatory design workshops, bringing together design-
ers, stakeholders, and users to collaboratively generate ideas
and design solutions, and development of low-fidelity sketch-
es and high-fidelity mockups to be tested by users.

3. Research Methodology

The Social Power Plus (SPP) project aims to produce action-
able knowledge on how to foster the shift towards the adop-
tion of sustainable routines in energy consumption at home
through a mobile app. In particular, it focuses on re-crafting
eight specific energy-related routines towards energy suffi-
ciency (space heating, showering, washing, cleaning, cooking,
dish-washing, studying and working, recreation) and support-
ing dialogue between app users and households through an
internal social feed. The interdisciplinary project includes
competencies coming from the following disciplines: energy
management, I'TC, interaction design, and sociology.

SPP adopts the UCD methodology. Unlike the original UCD
process, SPP applies design methods within a test envi-
ronment and under uncontrolled, real-life conditions. The
process we used to carry on the SPP project consists of the
following steps: 1) conduction of a literature review to identi-
fy current behaviour change strategies based on design inter-
ventions; 2) creation of a community of real-life households,
within a “living lab” framework (see for instance Sahakian et
al., 2021); 3) design of the mobile app features with the in-
volvement of the living lab participants; 4) development of the
mobile app; 5) test of the mobile app by the living lab partic-
ipants and strict assessment of its capability to induce long-
term sustainable habits.



The SPP app was designed through a participatory design
process presented in details in Wemyss et al. (2023). The pro-
cess included three workshops, through which we gathered
inputs from 50 voluntary households, which were identified
through an open call in three Swiss regions (Schaffhausen,
Wil, and Winterthur), with the support of the local utility
companies providing energy services. Then, the SPP app was
tested by 220 voluntary households living in the same regions
for three months (Feb 15t- May 1%, 2022). Results are reported
in Cellina et al. (2024). In this article, we focus on the de-
scription of the features of the SPP and show how they were
designed to implement a specific behaviour change theory, to
enhance its effectiveness.

Many behavioural theories suggest that changes involve mul-
tiple stages (Ohnmacht et al., 2017; Bamberg, 2013; Prochaska
& Velicer, 1997). For the SPP app, we specifically refer to the
Model of Action Phases (MAP) by Heckhausen and Gollwitzer
(1987), which identifies four behavioural phases: 1) Predecision,
when individuals start to recognise that their behaviour may
be problematic; 2) Preaction, when individuals formulate the
intention to start a new behaviour in the foreseeable future;

3) Action, when individuals start to concretely act and change
their behaviour towards achievement of their goal for change;
4) Maintenance, when individuals have sustained their new
behaviour for a while and try to prevent relapse to earlier phas-
es. We decided to adopt it for the design of the SPP app for two
main reasons. Firstly, MAP encompasses the entire sequence
of events, from defining wishes for change to evaluating results
after goal achievement. Secondly, MAP separates the motiva-



tional processes in the pre-decision phase from the volitional
processes in the post-decision phases, making it a working
framework that can be applied in real-life conditions.

In the SPP app, we implemented the MAP within a UCD pro-
cess, to support people in understanding the behaviours that
need to be changed, showing the progress through phases,
and maintaining the desired behaviour over time.

4. Results: the Design of the Social Power Plus App

The Social Power Plus app was a mobile application released
on the major app stores and made available for the communi-
ty of Swiss households involved in the project. It includes four
main sections providing visual feedback on energy consump-
tion and related persuasive features: My home, Goal setting,
Challenges and Pinboard. These sections are designed to sup-
port householders during the whole transition towards more
sustainable energy consumption habits according to the MAP
(Tab. 1).

MAP (behaviour change phases) Social Power Plus features

Predecision Feedback on the household’s energy consumption
Feedback on consumption in relation to other households

Preaction Goal setting
Challenge commitment setting

Action and Maintenance Challenges
Energy saving tips
Pinboard (in-app social feed)
Feedback on goal achievement progress
Congratulation for goal achievement
Regional energy saving competition
Online meetings
Notification and reminder system

Table 1. MAP behaviour change phases and Social Power Plus features.



4.1. Predecision Phase: My Home

To stimulate households to start thinking, they should take
action to change their daily routines, since its landing page,
called “My home,” the Social Power Plus app provides daily
feedback on the house’s energy consumption. Thanks to a
direct connection with smart meters automatically record-

ing energy consumption and integrating an energy feedback
system based on interactive data visualization, the household
receives feedback on the evolution of its consumption, com-
pared to its own historical baseline measured over a compara-
ble period. If consumption is higher than the baseline, the app
background is red; if it is lower, the app background is green
(Fig. 1).

Figure 1. “My home” section pages within the Social Power Plus app show individual energy consump-
tion and saving feedback.



Furthermore, “My Home” provides a comparison with other
households by reporting the average change in consumption by
similar households of the SPP community. Finally, in a more
detailed sub-page, “My home” provides a bar chart reporting
the household’s consumption in the previous twenty-four hours,
the daily consumption in the last week, or the weekly consump-
tion since the start of app use. Through this piece of informa-
tion, households start self-discovering their daily and weekly
consumption patterns by intuitively correlating the periods in
which they perform energy-consuming activities at home with
the periods when the bars are high and vice-versa.

4.2. Preaction Phase: Goal and Challenge Commitment
Setting

Once households have decided they will start to actively change
their energy consumption, it is helpful to commit to specific
goals to be achieved soon. For this purpose, SPP offers the
“Goal setting” and “Challenge commitment” features (Fig. 2).
Within the “Goal setting” section, households are invited

to specify their own energy-saving target, namely the ener-
gy-saving percentage they would like to achieve compared

to their historical consumption. Through the “Goal setting”
section, household members start developing concrete plans
for action and commit to stick to them. To support house-
holds in achieving their goals, SPP invites them to join “En-
ergy sufficiency challenges” and to set their commitment to
change. The challenges aim at modifying dominant behav-
iours around eight household routines: space heating, shower-
ing, washing, cleaning, cooking, dish-washing, studying and
working, and enjoying recreation time.



Figure 2. “Social Power Plus” pages provide individual goal-setting opportunities, challenge intro-
duction, and commitment setting.

Each challenge lasts for two weeks, and every two weeks,
new challenges are released, dealing with a different house-
hold routine. For instance, challenges aim at reducing room
thermostat settings by a few degrees, reducing the number

of weekly laundry/washing machine cycles, or enjoying digi-
tal-detox free time at home without using electronic devices.
Households are free to ignore the challenges or to commit to
participate in more of them at the same time. Before taking
action, namely still in the preaction phase, households are in-
vited to browse the available challenges, select one or more of
them, and state their commitment to energy saving. Namely,
committing to a challenge is the first step for households to
achieve their overall energy-saving goal.



4.3. Action and Maintenance Phases: Challenges, Pinboard
and Rewarding Feedback

Once households have set their energy-saving goals and com-
mitted to a challenge target, they have to start taking action.
All household members can engage in each challenge by con-
tributing to re-crafting the way they behave within the house-
hold. Completing challenges is self-regulated and personal-
ised: household members can perform them at the times that
best fit their lifestyle, weekly schedule, and the constraints
affecting their lives.

To support household members in achieving their target, the
challenge section provides a set of general energy tips, which
suggest simple, lower-energy-demand ways to perform the
related household routine, inspired by a literature search on
energy-saving behaviour (for instance, tips suggest wearing
warmer sweaters, lowering the thermostat and still feeling
comfortable, or cleaning single stains on clothes instead of
using the washing machine).

To get further support, households can interact with the other
members of the SPP community through the “Pinboard” fea-
ture (Fig. 3): an in-app social feed that aims at creating spaces
for households to share experiences and collectively support
each other in the transition towards more sustainable energy
consumption. When they complete a challenge, households
are invited to post on the pinboard a short message or picture
about their experience when tackling the challenge and how
they managed to achieve it. Mainly, the pinboard is designed
as a place for households to share comments, suggestions,
and successes or failures.



Figure 3. “Social Power Plus” sections provide tips, social interaction possibilities via the pinboard, and
the regional energy-saving competition.

Everything posted in the pinboard is visible to any users, and
whenever a new message is posted, a notification is shown in the
app. App users can also “like” messages or respond to them by
activating an asynchronous dialogue with their peers. The pin-
board leverages social interactions and activates a social learn-
ing process between the peer households of the SPP community.
By embedding social support into the app features, the pinboard
is expected to create a feeling of “supporting relationships” for
new behaviours, that fosters action maintenance over time. To
further favour such feelings, pinboard-mediated social interac-
tions are also coupled with more casual interaction possibilities,
namely via online monthly meetings, that offer additional op-
portunities for informal interaction between app users.



A “booster” feature is also periodically activated (month-

ly, when the SPP app was tested on the field): leveraging the
sense of belonging to one’s region, a weekly “regional energy
saving competition” is launched between households living

in the different regions. All households of the same area are
automatically put into their region’s team. The app computes
the amount of energy saved by the regional teams. The region
with the highest energy saving wins the regional competition.
No real-life prizes are available, though notifications in the
regional energy saving competition section and in the pin-
board congratulate the winning team, thus providing a virtual
reward and public recognition of the obtained results, which
are expected to help keep the interest in SPP high.

The app also provides users with regular feedback on the ef-
fects of their actions through the goal achievement feedback
that is shown in “My Home”: if they achieve their energy-sav-
ing goal, they are rewarded with a congratulatory message;
otherwise, they are incited to keep efforts to save energy.
Finally, to support maintenance of the new behaviour over time,
a notification system provides by-monthly reminders about
energy-saving topics, such as short news about energy-related
events, or additional tips and recommendations. Overall, the
combination of challenges, tips, pinboard, regional energy com-
petitions, goal feedback, and notifications is expected to support
households throughout the action and maintenance phases, until
new behaviours are set and permanently implemented.

5. Discussion
Over the whole SPP project, we aimed to understand which
specific design solutions grounded in behaviour change theo-



ries can be used to foster more sustainable energy consump-
tion routines at home. Based on this aim, we ran an interven-
tion in real-life conditions based on the use of the SPP mobile
app by 220 households.

We built a system that provided users with features that sup-
ported the whole behaviour change process. For the prede-
cision phase, we offered households with app features that
support self-monitoring and social comparison processes. For
the preaction phase, we provided households with app features
to let them set their personal goals for change and explicitly
commit to them. For the action phase, we provided the house-
holds with app features aimed at stimulating them to actively
implement novel behaviours, via energy sufficiency challenges
actively, the provision of suggestions towards the target behav-
iour, and energy consumption feedback coupled with praises
and rewards if they performed well. Also, as individuals ben-
efit from community relationships, we implemented specific
app features aimed at providing and receiving social support
around the new target behaviour, via social interaction features
enabling social learning and cooperation. Finally, in the main-
tenance phase, notifications and reminders helped households
to keep implementing the new behaviour, without falling into
temptation to relapse to previous routines.

Overall, as reported in detail in Cellina et al. (2024), we esti-
mated the impact of the SPP app by means of a survey sent to
all project participants before and after the SPP intervention.
About 130 of them answered both the two surveys, thus allow-
ing us to estimate changes in household routines after app use
quantitatively. The results showed that 49% of the app users



tried at least one of the app-based proposed energy-saving
activities at home. Indeed, after the use of the SPP app, most
household (self-reported) routines changed in a statistically
significant way. Specifically, the use of the oven, the tumble
dryer, the dishwasher, and electronic appliances decreased
even with a low statistical effect size (Tab. 2). A decrease in the
indoor thermostat temperature setting, instead, occurred in a
moderate effect size. These results suggest the effectiveness,

at least in the short term, of the SPP app. The higher effect size
found regarding thermostat setting might be because lowering
the temperature is easier than renouncing to a given energy
service, and possibly also to the fact that heating was the most
frequent discussion topic in the pinboard, thus contributing to
both active and passive social learning processes.

Based on the experience of SPP participants, elements from the
post-intervention survey provide two key learnings for future
research on the design of app-based behaviour change inter-
ventions. First, the individual energy feedback system was ma-
jor in driving the change. Many users, characterised with high
personal interest and experience in energy consumption topics,
declared their wish for having even more detailed information
on their energy consumption (specific appliance responsible
for the energy consumption and real-time data), which is sup-
posed to allow them further to optimise their consumption and
well-being with minor routine changes. For instance, one of
the participants explicitly indicated she wanted “to be able to
download the current performance as a csv file with the best
possible temporal resolution”. These results confirm that en-
ergy feedback systems based on data visualisation are potent
tools supporting the shift towards more sustainable routines.



Pre-intervention Post-intervention Effect size Statistical
survey survey (Cohen’sd)' significance
(p value)?

n mean SD n mean SD

At what average temperature 129 21.04  0.95 126 2052 1.00 0.58 (M) ***1.81E-09
(°C) do you heat your living
room during the day?

How many times per week 132 3.89 2.04 132 3.30 1.62 0.32(S) ***(0.00038
does your household use the
oven?

On average, how many hours 131  6.84 6.08 128 549 5.74 0.30(S) ***0.00080
per day are computers running
in your home?

How many times per week 119 250 2.38 116 219 219 0.25(9) ***0.00783
does your household use the
tumble dryer?

How many times per week 130 5.00 270 131 463 2.65 0.22(S) **0.01304
does your household use the
dishwasher?

Onaverage, how many hours 126 2.92 210 124 256 2.00 0.19(8) **0.03220
per day are TVs running in your
home?

On average, how many hours 107 3.69 4.87 1o 277 4.35 0.18(9) *0.07812
per day are tablets running in
your home?

On average, how many baths 130 0.492 1.09 130 0.37 0.72 013 () 013170
do you take per week?

How many times per week 132 4.23 240 132 4.05 248 0.12(S) 0.16640
does your household use the
washing machine?

On average, how many show- 131  5.85 275 131 597 2.93 0.03(S) 0.76720
ers do you take per week?

Table 2. Household energy consumption self-reported routines before and after use of the SPP app.

1 The Cohen’s d effect size is the value measuring the impact of the intervention: small (S) if the
value lower than 0.5; moderate (M) if the value is between 0.5 and 0.8; large (L) if the value is greater
than 0.8.

2 The p value is an index of the statistical significance: 0.1*; 0.05 **; 0.01 ***,



Also, they suggest to design feedback systems in a highly
flexible and customizable way that allows app users to get

as many insights as possible out of them, based on their own
energy and data literacy. For instance, one of the participants
suggested that the consumption feedback offered by the app “is
too high-level and you have no idea how the use of individual
devices affects the energy consumption”.

Second, according to the users’ evaluation, the pinboard
played a marginal role in driving our observed routine chang-
es. Despite it offered both active and passive social interac-
tion features (possibility to write a post and react to other
peer households’ posts, or read others’ posts), only a few app
users actively interacted with it. They used it to share their ex-
periences and knowledge around energy saving. For instance,
one participant commented explicitly on his interest in the
pinboard: “Above all, I want as much data as possible about
my house and my use. I don’t have time for chats in an app at
the moment”. We hypothesise that such a limited pinboard
use is at least partially since participating households had

no previous real-life connections between each other. Future
applied research should, therefore, strive to favor as much as
possible interventions within the community of households
characterized by the presence of pre-existing relationships.

6. Conclusions

This article contributes to the existing literature about design
methods and interventions to foster more sustainable rou-
tines. We showed a concrete example of a process in which
design disciplines contributed to the current efforts by the



scientific community, private companies, and policy-makers
to provide householders with tools and practical guidance on
how to reduce their energy consumption at home.

In the SPP project, we designed an app aimed at reshaping
everyday energy-related routines via a set of features that are
convenient, contextual, personalised, and designed taking
into account the real-life needs of its users. We implemented
a co-design process inviting potential app users to develop
use cases for the app (Wemyss et al., 2023). This process led
to many ideas for app features, from which we sorted out the
technically unfeasible features from the most promising ones.
This was a decision-making process, involving the research
team as well as the utility representatives, based on both tech-
nical feasibility and insights from behaviour change scientific
literature. Despite the broad consensus among the team and
co-design participants, it is not guaranteed that this process
resulted in ultimately choosing the most engaging features.

The unexpected feedback we gathered from the users within
the real-life experiment, namely the high demand for more
data and the rather low engagement with the pinboard, shows
the importance of the UCD methodology and specifically of
testing the mobile app by the living lab participants. Contrary
to our expectations, actual users of the SPP app were much
more interested in highly detailed quantitative feedback on
their consumption, rather than in sharing experiences with
peers. Future research might aim at understanding if and
how such an interest is directly dependent on the emphasis we
put on getting to know one’s household consumption during



participant recruitment. If so, future research might leverage
different recruitment strategies, to ensure that a more diverse
group of participants is involved, including low-energy liter-
ate people. Future research might also consider the insights
we collected from the real-life experiment of the SPP app and,
again adopting a participatory design process, identify novel
design features that manage to effectively foster user engage-
ment, peer-to-peer knowledge sharing and interaction. Such a
process would result in social learning processes towards the
adoption and long-lasting maintenance of novel energy-relat-
ed household routines, thus tangibly supporting the climate
and energy transitions.
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