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Abstract

Due to the rise of the climate emergency, many initiatives have been implemented to 

reduce the environmental impact of systems and processes. From global to local projects, 

the challenge to address pro-environmentalism is evident at different levels and con-

texts. A wide range of approaches emerged from this need, addressing the development 

of technologies that promote sustainability and reduce environmental impact. In addi-

tion to optimising processes and developing environmentally friendly systems (e.g. the 

electric car or renewable energy sources), several proposals focus on the human factor 

and the relationship between people and technology. Raising awareness and motivating 

people about the importance of taking into account the impact of their actions is a key 

issue that is extensively addressed in the body of scientific literature. However, the vast 

majority of existing approaches propose static interventions and apply them in a linear 

fashion, i.e. without taking into account the heterogeneity of people and their flexible and 

changing nature. 

Thus, this dissertation focuses on two main tasks: first, it aims to understand the key 

issues that should be taken into account when designing interactive systems that encour-

age sustainable behaviour, providing ideas on how to implement the theoretical findings. 

Second, it intends to address the diversity of people by proposing a dynamic and flexible 

classification model that includes the most relevant dimensions of the individual in the 

context of pro-environmental behaviour. This model is applied in three different cases 

in order to understand its implications. Other relevant issues identified when applying 

the model to smart contexts are also explored through a qualitative study with experts. 

Therefore, this Doctoral Thesis proposes a framework that helps at promoting sustain-

ability through technology by approaching people from a holistic point of view, in order 

to improve awareness and pro-environmental behaviour, reduce the negative impact of 

human actions, and promote a more sustainable, balanced and environmentally friendly 

lifestyle.
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Resumen

Debido a la emergencia climática, las iniciativas para reducir el impacto medioambiental 

de procesos y sistemas han aumentado de manera drástica en los últimos años. Desde 

proyectos globales a otros muy locales y concretos, la necesidad de abordar la sostenibi-

lidad medioambiental resulta inminente a diferentes niveles y contextos. De esta nece-

sidad, han surgido estudios e investigaciones que abordan el desarrollo de tecnologías 

que fomentan la sostenibilidad y reducen el impacto medioambiental. Además de opti-

mizar los procesos y desarrollar sistemas más eficientes y menos dañinos para el medio 

ambiente, numerosas iniciativas ponen el foco en el factor humano y la relación de las 

personas con la tecnología. Concienciar y motivar a las personas sobre la necesidad de 

tener en cuenta el impacto de sus acciones y mejorarlas es un tema clave que se aborda 

extensamente en la literatura científica, existiendo diversas maneras de aplicar esta idea. 

Sin embargo, gran mayoría de las aproximaciones existentes plantean intervenciones 

estáticas y aplicadas de manera lineal, es decir, sin tener en cuenta la heterogeneidad de 

las personas y su naturaleza flexible y cambiante.  

Esta tesis doctoral se centra, por tanto, en dos tareas principales: primero, entender los 

aspectos clave a tener en cuenta en el diseño de sistemas interactivos que fomenten un 

comportamiento sostenible, y proporcionar ideas sobre como implementar los hallaz-

gos teóricos. Segundo, abordar la diversidad de las personas proponiendo un modelo de 

clasificación dinámico y flexible que incluya las dimensiones más relevantes planteadas 

por la literatura relacionada. Este modelo se aplica en diferentes contextos para poder 

entender sus implicaciones, y además se exploran otras cuestiones relevantes a través de 

un estudio cualitativo con expertos. 

Por tanto, esta Tesis Doctoral propone un marco teórico que ayuda a fomentar la sosteni-

bilidad a través de la tecnología apelando a las personas de manera holística para mejorar 

la concienciación y las conductas pro-ambientales, reduciendo el impacto negativo de las 

acciones del ser humano y promoviendo un estilo de vida más sostenible, equilibrado y 

en concordancia con nuestro entorno. 
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Over the last decades, the environmental situation has become critical. Climate change 

threatens planet Earth, and the need for strategies to minimise its damage or find solu-

tions to adapt to it is essential. For this purpose, a wide range of measures have been 

implemented at different levels so far: from policies and other initiatives created by gov-

ernments and public agencies, such as Sustainable Development Goals1 from United 

Nations to smaller and more localised actions implemented by companies or other pri-

vate organizations, e.g. Deusto Haritza Program2. Hence, the approach to this problem 

is being addressed in a holistic and systemic manner in most cases.

While the need for a global approach to the problem is quite obvious, the human factor 

[27] arises as a key point to raise the awareness of the society and reduce the negative 

impact of some everyday actions in which citizens neglect the cost for the environment. 

In order to do so, there are different ways to proceed, but there are two actions that are 

becoming predominant at different levels: Traditional awareness campaigns (e.g. post-

ers, adverts and reports) and the implementation of technological solutions aiming at 

encouraging more sustainable habits (e.g. social media influencers, digital reminders, 

emails and mobile apps). Technology-based strategies can address different aspects and 

allow the implementation of innovative solutions; therefore, this is the main focus of this 

dissertation. Following the ideas of Blevis [3] and Mankoff et al. [23] sustainability can 

and should be a key factor in the design and development of the technological systems, 

overall in those that aim at interacting with end-users. Following the approach exposed 

by Mankoff and colleagues, sustainability can be described through two main conceptu-

alisations.

*	 Sustainability in design is related to the practical design of the products, e.g. 

the optimisation of the materials and processes of the associated hardware and 

software to reduce their environmental impact. Energy use, device-reuse, reduc-

tion of waste and enablement of shared devices or resources are the key ideas 

included in this approach. 

*	 Sustainability through design is related to the improvement of pro-environmen-

tal lifestyles and decision-making processes in favour of sustainability through 

the design of technology. In this approach, three different levels are devised: 

1) Individual level, based on transforming abstract environmental information 

1	 https://www.un.org/sustainabledevelopment/sustainable-development-goals/ 

2	 https://sites.google.com/deusto.es/programa-haritza/home?authuser=0 
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into concrete and useful inputs for the individuals; 2) Group level, related to the 

systems designed to influence groups of people (e.g. families or employees); and 

3) Societal level, related to the idea of a cultural change or social movement (e.g. 

citizens or grassroots). 

Completely technology-based approaches (e.g. fully automated thermostats or lighting 

systems) could be able to offer a pro-environmental solution without any human in-

tervention, following the idea of Sustainability in design. Nevertheless, informing indi-

viduals -Sustainability through design- has beneficial consequences: people’s awareness 

increases, and pro-environmental actions are promoted (whether directly or indirectly 

linked to the level of awareness). Moreover, targeting a specific strategy to people rather 

than to artifacts (using devices as mediator), the positive impact emerged from it could 

be performed and extrapolated to different contexts. 

In order to apply the latter approach, there are different methodologies and initiatives for 

making people aware of environmental issues and helping to reduce the impact of their 

actions. From Persuasive Technology [18] to DfSB [22], [20], a wide range of proposals 

have been developed to form new individual or collective behaviour. In Michie and col-

leagues’ work [24], for example, a taxonomy of 93 behaviour change techniques can be 

found.

Having explored the plethora of interventions and frameworks to nudge society to take 

an action towards the environment, this dissertation draws on a specific point of view 

emerged from this context: how the best pro-environmental strategy, tool or method can 

be tailored to a heterogeneous group of people?

As it will be exposed in the following pages, there are several scholars that explore diversi-

ty of people in relation to sustainability, some examples are the works developed by Lock-

ton and colleagues [21] and by Coskun & Erburg [10], [9], among others. Nevertheless, 

the dynamism and heterogeneity of themselves implies a problem when implementing 

existing theoretical solutions making it difficult to select the best strategy for a target 

group, since the differences are varied and may change according to intrinsic, contextual 

and socio-economic factors [17]. For that, a dynamic and flexible framework of behaviour 

change models is required to understand the complexity of the individuals when per-

forming sustainable behaviours. 

Considering this background, this PhD dissertation aims to tackle the heterogeneity of 

people to be able to apply personalised strategies to foster sustainable behaviour. Thus, 

the group or collective strategies are beyond the scope of this research. The initial idea 

developed in the present thesis will help to understand the dynamism of people to facil-

itate the design of artifacts and the selection of the best intervention in each moment, 

adapting it dynamically when required. 

To tackle this challenge, several actions have been made: first, after defining the prob-

lem and the scope of the research, the main gaps and challenges of the field have been 
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analysed. Then, an incipient theory extracted from a long-term study has been applied 

in the design and implementation of the IC, an everyday object intended to offer persua-

sive nudges to promote sustainable behaviour in work environments (specifically in of-

fice-based workspaces). This device was then tested qualitatively with a group of individu-

als, extracting promising insights and findings related to the interaction with the device. 

After analysing these results, the main insights were implemented in a novel behavioural 

framework. The proposed meta-model aims to address the diversity dynamically taking 

into account behavioural theories in a holistic and flexible way. Following this idea, in or-

der to explore the potential applications of the model, a qualitative survey with experts in 

the field was developed. This survey analysed the main concerns related to the model and 

explores how it can be used by researchers and practitioners to implement behavioural 

strategies taking into account the diversity. Once the results and findings were consid-

ered, the model was applied in the development of three case studies to understand the 

implications of the people when using specific systems in any given context. 

All this previous work has brought valuable findings about how to address the hetero-

geneity of individuals in the context of pro-environmental behaviour. These findings 

demonstrated that by taking into account the emerged key dimensions or themes, (both 

in relation to devices and people) and applying them dynamically, the acceptance of strat-

egies that promote awareness and pro-environmental behaviour can be encouraged.

The remainder of the chapter is structured as follows: Section 1.1 introduces the context 

and the motivation of this thesis. Then, Section 1.2 exposes the thesis statements, includ-

ing the objectives and scope of this research. After that, Section 1.3 explains the research 

structure. Finally, Section 1.4 describes the outline of this PhD dissertation. 

1. 1. Context and motivation 

As exposed previously, environmental impact is a relevant issue when it comes to de-

veloping new technologies. In this line, SHCI scholars [11] aim to address the impact of 

technologies addressing the human factor. SHCI considers the relations and interactions 

of the individual with digital/physical systems or technologies to improve sustainability  

[11]. Hence, user interactions and behaviours are analysed in the context of SHCI to 1) 

better understand how to tackle the challenges derived from the human factor; and 2) to 

enhance the management of technological devices, systems, and processes, in order to 

minimise their impacts on the environment. This is a relevant key point in human-cen-

tred intelligent environments [5], where actions are usually recognised to adapt interven-

tions and to offer feedback related to the characteristics and needs of people.
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Following the previous ideas, it seems necessary to assume the complexity of the indi-

vidual and to understand the different issues that may influence his/her behaviours and 

actions [10] . Thus, the study of the diversity of individuals emerges as a relevant require-

ment. The fact that people are different from each other may be critical for designing 

behavioural interventions, however, another key factor that should be taken into account 

is that  individuals themselves also differ, depending on the context and due to many 

various factors (e.g., a person with the habit of always taking the stairs, instead of the 

lift, may change this behaviour due to a temporary injury). Taking into account this idea, 

heterogeneity may be studied as a flexible and dynamic attribute to face the contextual 

barriers and uncertainties that could modify individual actions and behaviours.  

To influence sustainability in people, behavioural theories must be taken into account 

[13]. He et al. [12] argued that most of the technologies designed to promote certain be-

haviour offer the same design solutions and provide the same feedback to every individ-

ual, neglecting that end-users may be in different stages of change, or may have different 

values, beliefs or motivations. Hereby, one of the directions to improve the design and 

implementation of behavioural interventions should be focusing on diversity to maxi-

mize their effectiveness and impact through targeting key dimensions of individuals in 

relation to pro-environmental behaviour. 

According to Coskun and Erburg [9], existing literature on user diversity for sustainable 

behaviour change involves three main topics: 1) theoretical frameworks of different user 

characterizations; 2) recommendations and design patterns directed to each user profile; 

and 3) application of personalized design strategies addressing different users. Neverthe-

less, the flexibility and dynamism of individuals due their heterogeneity presents a gap 

that should be addressed in order to ensure accuracy and success when implementing 

mid and long-term behaviour change strategies. 

Based on these challenges and opportunities, the main motivation of this research is 

to improve the understanding towards the interactions of individuals and technological 

artifacts in the context of pro-environmentalism by applying theoretical guidelines when 

designing systems and processes. Thus, through the design of personalised frameworks, 

we can reframe the everyday actions of individuals to improve their awareness and their 

behaviours, making sustainability interesting and positive for individuals. 

1. 2. Thesis statement

Based on the current state of HCI regarding pro-environmental behaviour, a specific 

research opportunity has been detected. In the following lines, the hypothesis of this 

dissertation and the objectives to be validated are defined. 
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1.2.1. Hypothesis 

The hypothesis of the present research work is the subsequent: 

1.2.2. Main objective  
 
To be able to validate the presented hypothesis, the main goal of this thesis is:

Addressing the diversity of individuals when designing behaviour change strategies in 

the context of pro-environmentalism improves the awareness and performance towards  

sustainable behaviour.

To define and develop procedures and frameworks to address user diversity when designing 

to foster pro-environmentalism.

1.2.3. Research methodology 

In order to achieve the main goal, the following specific and measurable objectives are 

defined. These objectives will guide the research process and stages. Besides, Figure 1 

shows each objective related to its corresponding stage.  

01.	 To study and analyse the current state of the art. 

02.	 To identify the key dimensions for designing technologies addressed to boost 

the pro-environmental behaviour. 

03.	 To extract and define evidence-based design ideas of the most relevant dimen-

sions for sustainable behaviour change. 

04.	 To implement theoretical findings in an interactive everyday artifact conceived 

to stress the importance of maintaining sustainable actions. 

05.	 To analyse if the proposed artifact offers positive behavioural interventions to 

heterogeneous individuals.

06.	 To discover qualitative insights regarding the connection between the solu-

tion and the awareness towards sustainable behaviour. 

07.	 To implement findings extracted from the evaluation in a new theoretical fra-

mework. 

08.	 To identify the challenges and opportunities related to the proposed fra-

mework. 
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09.	 To analyse and discover the potential applicability of the theoretical fra-

mework and its main requirements. 

010.	 To apply the proposed framework to gain understanding on how to face indi-

viduals’ heterogeneity dynamically.  

1.3.  Structure and research process

The subsequent procedure (see Figure 1) has been followed in order to accomplish the 

hypothesis and goals presented in Section 1.2.

1.	 Exploratory phase. In this initial stage, all the relevant works and related literature 

have been explored, in order to build a theoretical background which will support the 

subsequent work. Although this phase is the first step to face the research work, it is 

understood as an iterative phase that will be updated throughout the whole research 

process. 

2.	 Definition of the scope and theoretical approach. After the analysis of the state-of-the-

art and once all the involved factors of the research proposal were understood, the 

scope of the research work is identified. This includes the definition of the theoreti-

cal approach that will support the following steps. The identification of the theoret-

ical guidelines that will encourage the design phase emerge as a paramount task to 

develop successful frameworks and systems that will encourage the implementation 

and adoption. 

3.	 Design of the solution. At this stage, and taking into account the previous knowledge, 

the final solution will be designed. For that, by implementing specific user-research 

methods, a first prototype will be designed and then developed. This prototype will 

include the theoretical strategies and inputs designed and developed in previous 

steps. 

4.	 Implementation and insights. After the design, the prototype is implemented and test-

ed, analysing and extracting qualitative insights. This will verify its validity and ap-

plicability in real-world environments and contexts. 

5.	 Exploration of an improved theoretical framework. After the implementation of the pro-

posed solution, the results are analysed. The main insights are implemented in a 

novel meta-model that will offer a theoretical framework to address user diversity 

when designing technologies and systems to foster pro-environmental behaviour. 

In order to explore the potential of the model, a qualitative study will be conducted. 

Besides, the model will be applied in the development of three case studies. 



7

F
ig

u
re

 1
. S

ta
ge

s 
an

d 
ob

je
ct

iv
es

 o
f 

th
e 

re
se

ar
ch

 w
or

k 

Ex
pl

or
at

or
y 

ph
as

e
Th

eo
re

tic
al

 
ap

pr
oa

ch
D

es
ig

n 
of

 
th

e 
so

lu
tio

n
Im

pl
em

en
ta

tio
n

&
 in

si
gh

ts
Im

pr
ov

ed
  

fr
am

ew
or

k 
A

na
ly

si
s

&
 c

on
cl

us
io

ns
 

O
1.

 T
o 

st
ud

y 
an

d
 

an
al

ys
e 

th
e 

cu
rr

en
t s

ta
te

 
o

f t
he

 a
rt

.

O
2.

 T
o 

id
en

tif
y 

th
e 

ke
y 

d
im

en
si

o
ns

 fo
r 

d
es

ig
ni

ng
 

te
ch

no
lo

g
ie

s 
ad

d
re

ss
ed

 to
 

b
o

o
st

 th
e 

p
ro

-e
nv

iro
nm

en
ta

l 
b

eh
av

io
ur

.

O
3.

 T
o 

ex
tr

ac
t a

nd
 d

ef
in

e 
ev

id
en

ce
-b

as
ed

 d
es

ig
n 

id
ea

s 
o

f t
he

 m
o

st
 r

el
ev

an
t 

d
im

en
si

o
ns

 fo
r s

us
ta

in
ab

le
 

b
eh

av
io

ur
 c

ha
ng

e.

O
4.

 T
o 

im
p

le
m

en
t t

he
o

re
ti-

ca
l f

in
d

in
g

s 
in

 a
n 

in
te

ra
ct

iv
e 

ev
er

yd
ay

 a
rt

ifa
ct

 c
o

nc
ei

ve
d

 
to

 s
tr

es
s 

th
e 

im
p

o
rt

an
ce

 o
f 

m
ai

nt
ai

ni
ng

 s
us

ta
in

ab
le

 
ac

tio
ns

.

O
5.

 T
o 

an
al

ys
e 

if 
th

e 
p

ro
p

o
se

d
 a

rt
ifa

ct
 o

ffe
rs

 
p

o
si

tiv
e 

b
eh

av
io

ur
al

 
in

te
rv

en
tio

ns
 to

 
he

te
ro

g
en

eo
us

 in
d

iv
id

ua
ls

.

O
6.

 T
o 

d
is

co
ve

r q
ua

lit
at

iv
e 

in
si

g
ht

s 
re

g
ar

d
in

g
 th

e 
co

nn
ec

tio
n 

b
et

w
ee

n 
th

e 
so

lu
tio

n 
an

d
 th

e 
aw

ar
en

es
s 

to
w

ar
ds

 s
us

ta
in

ab
le

 
b

eh
av

io
ur

.

O
7.

 T
o 

im
p

le
m

en
t 

fin
d

in
g

s 
ex

tr
ac

te
d

 fr
o

m
 t

he
 

ev
al

ua
tio

n 
in

 a
 n

ew
 

th
eo

re
tic

al
 fr

am
ew

o
rk

.

O
8.

 T
o 

id
en

tif
y 

th
e 

ch
al

le
ng

es
 a

nd
 

o
p

p
o

rt
un

iti
es

 re
la

te
d

 t
o

 t
he

 
p

ro
p

o
se

d
 fr

am
ew

o
rk

.

O
9.

 T
o 

an
al

ys
e 

an
d

 d
is

co
ve

r 
th

e 
p

o
te

nt
ia

l a
p

p
lic

ab
ili

ty
 o

f 
th

e 
th

eo
re

tic
al

 fr
am

ew
o

rk
 

an
d

 it
s 

m
ai

n 
re

q
ui

re
m

en
ts

.

O
10

. T
o

 a
p

p
ly

 t
he

 p
ro

p
o

se
d

 
fr

am
ew

o
rk

 to
 g

ai
n 

un
d

er
st

an
d

in
g

 o
n 

ho
w

 t
o

 
fa

ce
 in

d
iv

id
ua

ls
’

 h
et

er
o

g
en

ei
ty

 d
yn

am
ic

al
ly

.



8

6.	 Final conclusions, dissemination and development of the PhD dissertation. The final step 

of the research process involves the definition and analysis of the main results and 

contributions of the previous stages. This dissemination task will involve the writing 

and development of the scientific publications, which are expected to be relevant for 

both academic and social fields. Ultimately, the research work will be finished and 

refined with the development of the present dissertation, and with its later submis-

sion and defence. 

1.4. Thesis outline 

This dissertation consists of a compilation of research articles that include all the stages, 

processes and steps exposed in the present research work. It is structured in 5 chapters. 

The current Section, Chapter 1, introduces the research work exposing its context, moti-

vation and the main statements and goals. 

Chapter 2 describes the main contributions, results and highlights from the present 

dissertation. This chapter provides a brief summary of the publications included in this 

thesis and a discussion of the key ideas that link each research piece. 

Chapter 3 contains the first manuscript, entitled “Addressing Behavioural Technologies 

Through the Human Factor: A Review”. In this publication a review of the state of the art 

is exposed, presenting the detected challenges and opportunities. 

Chapter 4 includes the second manuscript, entitled “User perspectives in the design of in-

teractive everyday objects for sustainable behaviour”. This publication sets the theoretical 

background and exposes the implementation of the results obtained from a long-term 

study into a novel everyday object.   

Chapter 5 comprises the third manuscript, entitled “Exploring the Application of the FOX 

Model to Foster Pro-Environmental behaviours in Smart Environments”. This work pres-

ents the ideation of a meta-m0del to understand the diversity of individuals in a flexible 

and dynamic way. Besides, the application of the model is explored and implemented 

through three case studies.

Chapter 6 summarises the main findings and conclusions of the research work, exposes 

the objective validation and proposes future lines and challenges. 





Confetti, bonbons, artillery.

G. K. Chesterton, The Man Who Was Thursday



Contributions and highlights

CHAPTER 2
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Along this chapter, an overview of the main contributions of the different stages of the 

research work is provided. Besides, in order to link the different phases, a brief discus-

sion is offered, covering the main challenges and key ideas of each research stage. 

2. 1. Challenges and opportunities from the state 
of the art

As exposed previously, sustainability-related research has gained a growing interest in 

recent years due, among other factors, to the imminent scarcity of non-renewable re-

sources.  In this initial exploratory phase, the aim is to analyse its current status and to 

understand the related concerns. Thus, this stage of the research process contributes 

with a thorough review and analysis of state-of-the-art, detecting the main challenges 

and opportunities.

This research piece has been compiled in a manuscript which has been published in 

IEEE Access Journal. This publication can be found in the Chapter 3 and includes a de-

tailed explanation of this exploratory stage. 

For selecting the pieces of research presented in this initial phase, the following selection 

criteria has been applied: taking into account the wide range of sustainability-related 

publications, mainly works related to the energy efficiency have been analysed, and the 

theoretical approach has been delimited to this area to avoid losing the focus from the 

target topic. If the amount or relevance of energy-related works was not enough, these 

have been complemented with other sustainability-related works e.g. regarding recycling 

behaviours.  

The present section is structured as follows: next, the relevant insights from the analysis 

of most common and used theoretical approaches applied to sustainable behaviour are 

exposed, including works that use and implement these frameworks in technological 

systems or interfaces. The objective is to offer a solid theoretical background to frame 

and understand the technologies that address sustainability through the human factor. 

This section will help the research community to address the development of techno-

logical systems with the understanding of main concerns that need to be taken into 



14

account to develop human-centric strategies and interventions. Then, the focus is locat-

ed on the behaviour recognition technologies in intelligent environments (Section 2.2). 

Behavioural recognition involves technologies to gather and process data from the users 

in order to model and predict their activity. In this context, the existing approaches are 

analysed to offer an overview of the current state of the art in the field. After the revision 

of theoretical concerns and the modelling and recognition technologies, the next step 

in the development of BT should be to select behaviour change strategies and methods. 

In Section 2.3, the insights related to the review of the most relevant guidelines, tool-

kits and other methods are exposed to provide an overview that aims at helping the re-

searchers and practitioners in the strategy selection and implementation. Then, tangible 

and digital systems that address energy efficiency through human factors are reviewed, 

from energy consumption data to context-aware information and including other be-

haviour-related systems. Section 2.1.4 exposes the main ideas extracted from this review, 

providing an overview of the main concerns related to the implemented systems. Figure 

2 shows a selection of augmented objects designed to display information aimed at im-

proving sustainable behaviour. Finally, a discussion is proposed in order to include other 

relevant ideas and findings that may be taken into account when developing behavioural 

strategies. 

Thus, in the following lines the main highlights and ideas emerged from the literature 

review are detailed, taking into account each stage of the development of behavioural 

strategies and systems. These are understood as the results and contributions of this 

first exploratory stage, determining the findings and knowledge that will set the scope of 

the work described in the present dissertation. The gaps, challenges and opportunities 

exposed in next subsections will guide the following research, providing the theoretical 

framework that will be exposed and applied in next chapters of this thesis. 

2. 1. 1. Theoretical frameworks for sustainable behaviour change  

As exposed previously, the need to rely on a theoretical background when approaching 

the human factor is widely recognised by the research community. Thus, the main the-

oretical frameworks and approaches have been reviewed and analysed. The aforemen-

tioned analysis has led to multiple insights that will be deployed in the following lines.

From this review, the first emerging idea is that although the importance of using be-

havioural theories as a guide is commonly accepted, the understanding of their limita-

tions is still challenging and confusing. The difficulty of overcoming the restrictions of 

behavioural theories sets a relevant finding that should be carefully taken into account to 

avoid the shortcomings derived from implementing a framework without understanding 

its limitations. 

Another relevant fact is that there is a wide range of valuable and diverse research works 

referring to behavioural theories. However, the lack of validated studies and measure-
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ments makes it difficult to ensure the impact and effectiveness of the different behaviour 

change frameworks and approaches. 

In addition to this, it is important to note that different theoretical models or frameworks 

should be understood as global approaches. Analysing specific theoretical dimensions or 

elements can be feasible when isolating the study of one factor. However, it may present 

shortcomings in some contexts as there are confounding and hidden factors overlooked. 

Having said that, addressing some parts of the behavioural theories may be adequate, 

while understanding and contextualising the strategy in the global context of the orig-

inal theoretical approach. This way, the importance of the relations of the constructs 

will not be overlooked. The analysis of global approach of behavioural strategies sets a 

research opportunity that may fill the gap derived from the shortcomings emerged from 

the closed and specific perspectives. 

2. 1. 2. Behaviour Recognition and modelling technologies  

From the current use of behaviour modelling and recognition techniques applied to 

foster energy efficiency through behaviour change, the following conclusions can be 

drawn: modern behaviour recognition could enrich the way in which behaviour change 

researchers could evaluate their behaviour models and methodologies, allowing the au-

tomated detection of minor changes in user’s behaviours. Even though there are several 

behaviour recognition approaches, it has not been made yet a deep analysis of which 

Figure 2. Examples of different augmented objects designed to display energy consumption: a) 
Power Aware Cord, b) InfoPlant, c) CairForm, d) Watt-i-see; e) Interactive Coaster; and f) Energy 

Aware Clock. All included images are property of their respective Authors. 
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approaches are better qualified for this task. Although behaviour recognition techniques’ 

performance has drastically improved during the last years, there are a small number of 

research works combining advanced behaviour recognition techniques with behaviour 

change approaches. Moreover, the amount of work focused on behaviour change to fos-

ter energy efficiency is even lower since most of the approaches goal is to foster energy 

efficiency through automated processes. This sets a research gap that may be addressed 

to link these recognition and modelling techniques with interventions intended to boost 

the human behaviour. 

2. 1. 3. Methods, guidelines and other findings  

The wide amount and variety of guidelines and recommendations to implement BT 

makes it difficult to decide which strategy has a best fit in specific contexts. Thus, fol-

lowing a detailed selection process is important to make the task feasible. Besides, the 

audience should be studied carefully to adequate the strategies to the specific target users 

and its diversity. 

Taking into account the review done in this stage, one of the main conclusions that 

emerged is the variety and large amount of methods, frameworks and findings that are 

focused on offering behaviour change interventions. Hence, researchers may find it dif-

ficult to identify all existing methodologies that can be applied. For this purpose, further 

research on the methodology classification can be a promising future line of work. 

Other relevant insight is the lack of validated and measured frameworks, which implies 

uncertainty when selecting the one which may have a higher impact. To cope with this 

issue, future research can explore the study and make a comparison of the different strat-

egies and methods, measuring their impact to extract validated data. 

Finally, the importance of informational strategies over other types of interventions 

should be highlighted. Was found out that Eco-Feedback technologies have been widely 

implemented. Thus, there is a raising need to complement the solely information-based 

strategies with other techniques to target the heterogeneity of the individuals and to 

avoid the shortcomings derived from the ‘‘one size does fit all’’ approach [12].

2. 1. 4. Digital and tangible systems   

Finally, the last section describes the main findings and insights emerged from the anal-

ysis of digital and tangible systems intended to boost the sustainable behaviour. These 

ideas are exposed below. 

As the study of literature shows, completely technology-based approaches such as auton-

omous smart grids, demand response management systems and monitoring platforms 

are not enough to reduce energy consumption. Thus, an improved understanding of 
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how users interact with the power grid and of the influence of Eco- feedback is needed to 

develop successful solutions. 

The interfaces of these solutions must avoid meaningless representations of the data 

through abstract metrics and inputs. On the contrary, information needs to be clearly 

presented, providing context and hierarchizing the different cognitive levels. In order to 

increase awareness and motivation, research should put the focus on the implications of 

Eco-feedback presentation methods and strategies, as well as on evaluating the usability 

of the interfaces. 

Current trends indicate a shift from traditional feedback devices (such as in-home dis-

plays) to new innovative ones based on tangible visualization interfaces. Redesigning 

and augmenting everyday objects to provide a more natural interaction may be the way 

to increase the potential of the feedback. Above all, the design needs to overcome barriers 

regarding the uptake, lack of attachment or the distrust of technology to actually engage 

users in the long term. 

2. 1. 5. Discussion of the literature review

To conclude, a few concerns extracted from the research work are discussed. Firstly, it 

must be highlighted that, as exposed previously, most behavioural theories and their 

implementations present shortcomings due to the specificity of the scope of the mod-

els. However, this presents an interesting challenge where the different theories could 

be analysed together, finding common determinants and relations to map and link the 

most common theoretical models for sustainable behaviour, and enriching the isolated 

approaches. In this way, the shortcomings of each model can be avoided or minimized 

fulfilling the gaps presented by each theory with complementary theoretical approaches. 

The second key point derived from the analysis of literature is the need to implement 

global and cross-cutting strategies beyond a specific approach, since all the reviewed ap-

proaches tackle sustainable behaviour through mostly rigid or static strategies. Besides, 

most of the reviewed works implemented their strategies through technological devices 

without complementing or reinforcing these approaches through other channels. Due to 

this, the responsibility is, in most cases, relegated to the autonomous piece of technol-

ogy, so that capacity for sustainability falls on it and the user tends to be left apart. Both 

physical and digital devices, as well as recognition and modelling tools, should be part 

of a global and flexible strategy and should not be dependent on the device. In addition, 

people’s needs, and the emotional/psychological aspect of behaviour change (e.g. mo-

tivations) must be taken into account in order to develop effective strategies that truly 

improve the awareness, attachment and the acquisition of the responsibility
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2. 2. Applying an incipient theory in the design and 
implementation of an everyday interactive artifact 

Taking into account the findings emerged in the previous chapter, we can state that de-

spite the increasing interest in strategies for enhancing pro-environmental behaviour it 

appears to be hard to find a set of comprehensive guidelines addressed to the application 

and/or implementation of theoretical frameworks. This may be, among other reasons, 

due to the variety of possible sustainable actions, the desire or undesired willingness to 

make them, and the diversity of users (profiles, traits, interests, beliefs, etc.). In conclu-

sion, the majority of the reviewed literature includes short studies. Following this idea, 

the main objective of this stage of the research process is based on the analysis of qualita-

tive findings from a long-term study to identify emerging themes and to extract and apply 

a set of design-hypotheses that researchers and practitioners might implement when 

approaching the design of behavioural technologies and interventions. In the following 

lines, the main ideas and insights appeared in the mentioned phase are exposed in order 

to offer a summary as an overview of this research stage.   

This section is structured as follows:  Section 2.2.1. summarises the key insights from 

the definition of theoretical background. Next, specific design insights for each theme 

are introduced. Then, in Section 2.2.3 the implementation of the design insights into 

a novel device is briefly explained. The following section summarises the evaluation of 

the Interactive Coaster, and after that, a brief discussion is offered to explain the most 

controversial ideas. 

2. 2. 1. Theoretical background  

Aiming at better understanding the relevant insights to apply successful behavioural 

interventions, an experimental intervention of one year designed to test the effectiveness 

of persuasive techniques in office environments was implemented. This study was devel-

oped by instrumenting with sensing technology several capsule-based coffee machines 

in different work environments for more than one year. Three experimental conditions 

were evaluated which entailed leveraging various features on the appliances: 1) persua-

sive feedback; 2) energy monitoring through a dashboard; and 3) automated operation to 

avoid forgetfulness.

At the end of the study, it was demonstrated quantitatively that the IoT-based Persuasive 

treatment helped to save more energy than the other two treatments [6]. Specifically, it 

was found that the IoT-based Persuasive treatment helped to save more energy than the 

other two treatments reducing the energy waste by 44.53%.
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GT methodology [8], was applied to analyse the qualitative data extracted from the long-

term study to produce design insights for creating augmented behavioural devices. In 

the Open coding phase, 132 unitary codes were extracted. Attributes such as frequency, 

target, intensity or duration were annotated together with each of the emerging codes. 

At this stage, five categories emerged from the initial codes: 1) interaction, 2) mediator | 

emotion, 3) attachment | confidence, 4) context, and 5) behaviour. Following the ideas of 

GT methodology, the resulting diagram is devised to organise the nascent theory and to 

see the relative power, scope, and direction of the categories in the analysis as well as the 

connections among them for linear narrative purposes. 

2. 2. 2. Design insights 

As mentioned before, GT was applied to the data obtained from groups to extract ideas 

and suggestions that help to inform the design for similar everyday smart devices. In the 

following lines, these categories are exposed, summarising the emerging design insights 

that may help targeting these categories when developing BT. 

Interaction. This category covered one of the most recurrent and it captured the majority 

of unitary codes in the GT analysis. According to the qualitative analysis, to improve the 

intuitiveness in the different users, the designers should be aware that the ’one-size fits 

all’ approach will not cover all user needs. Further, in the qualitative phase, it is more 

than probable that some of the interviewees will miss features that the literature reckons 

that do not work for changing the intended behaviour in the mid and long term (e.g. 

provide kWh without comparisons or provide financial incentives). Thus, these opinions 

should be taken with extra care in the design phase because they may blur the goal of 

changing the behaviour. 

Mediator/emotion. Sometimes, individuals considered the device as a new ally to cope 

with energy inefficiency, and they responded to smart object personalities the same way 

they responded to human personalities. These emotions are important because they are 

predictive factors for technology adoption and technology appropriation.

Attachment/confidence. As qualitative findings show, to strengthen these two themes, the 

augmented everyday objects should be designed to remain close to the people to keep 

the positive influence on the users throughout time. For that, it is important to provide 

dynamic feedback that maintains the engagement. Moreover, the information provided 

by the devices has to be clear and transparent and efforts should be put on making them 

to become a relevant authority in the field of application. 

Use context. Designers should take into account the spillover effects [25] derived from the 

change of context. The spillover effect proposes that engaging in one behaviour affects 

the probability of engagement or disengaging in a second behaviour (consciously or un-

consciously). Therefore, the formed behaviours may be beneficial at one use-context (e.g. 
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workplace) but are offering detrimental consequences in other contexts (e.g. at home 

when no intelligent devices are there to remind the user to do sustainable actions). 

Behaviour. One of the problems that designers may find in successful studies is to wit-

ness a relapse effect when the researcher completely removes the experimental condi-

tions. The designer of augmented everyday objects should carefully plan the longitudinal 

extent of the system and reflect upon foreseeable consequences of feedback removal. A 

proposal would be to taper the feedback off during intervals instead of doing it abruptly 

or creating context-aware gradually adaptive systems based on the most up-to-date user 

status. 

2. 2. 3. Interactive Coaster  

Aiming at deepening in the research and at understanding the practical issues that 

emerged in the theoretical approach, a novel artifact was designed and developed, im-

plementing the emerging design insights. This device, intended to promote awareness 

towards sustainable behaviour, include specific strategies based on previous theoretical 

findings. 

The IC is a coaster (see Figure 3), and its lights show a different colour depending on the 

average energy expenditure. Besides, the IC features different modes and visualisations 

to enhance user awareness and motivation about energy efficiency. 1) A historical energy 

consumption visualisation (when the user pushes the central button of the IC the four 

different circles of the coaster show a different colour depending on the energy expendi-

ture of each time unit - previous day, current week, current month, current year); 2) an 

automatic visualisation alerts about the energy consumption consumed during the work-

day; 3) a vibration alarm buzzes when different energy expenditure levels are exceeded 

(the colour coding remains the same as current consumption or historical information); 

4) “party mode” lights a visualisation with random colour coding, aiming at offering 

playful value through colourful and animated visual effects; and 5) a “snooze mode” is 

activated when the user flips over the IC switching off all the lights until it is flipped over 

again. The IC is able to connect to the Internet extracting all the information about en-

Figure 3. The IC shows some of the states that can display.
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ergy consumption through a Wi-Fi module built-in the System on Chip, which controls 

the whole operation of the IoT device. 

The coaster has been designed following a user-centric approach [15]. During the design 

process, seven end-users were involved following a semi-structured interview approach 

after letting them interact with the early versions of the IC. They were asked about their 

opinion of the IC, which metrics were preferred to understand their energy consumption, 

the colour-coding preferred, which kind of feedback was more understandable for them, 

where they would place the coaster within their workstation, etc. With this information 

and the qualitative insights from the GT approach, the design of the new IoT object was 

finalised. The five/seven design-hypotheses of the emerging themes (interaction, medi-

ator/emotion, attachment/confidence, use context, and behaviour) are used as drivers to 

face the design phase in the ideation and development of the IC. In the following lines, 

how the theory and its design-hypotheses were implemented in the IC is summarised.

Interaction. The heterogeneity of the individuals and their different needs, emotions or 

perspectives were specially addressed in the evaluation sessions to extract design features 

to implement in the IC. Hence, different features were implemented, aiming at offering 

diverse and complementary strategies to cover the needs of the existing segments of peo-

ple. These design strategies were developed taking into account the research developed 

by Lockton et al. [21] and Petkov et al. [26] where they offer specific design solutions 

addressed to the diversity based in the behavioural models of the human system [21], and 

the personal norms, values and beliefs [26]. Obviously, we cannot ensure that with this, 

we have covered all relevant dimensons of individuals, but we believe that this approach 

will reduce the end-user expectations considerably on missed features. Further explana-

tion about how the IC addresses the user diversity can be found in a previous work [15].

Emotion/mediator. The emotions were another factor that emerged from the relation-

ship between the device and the individuals. The IC implements the emotional factors 

through product design. The top side of the IC has been designed taking into account the 

idea of the tree trunk and its rings. This strategy offers a visual metaphor that is intended 

to impact the emotional side of the individual. In order to strengthen this metaphor, the 

material selected for the case was wood. Besides, the visual design of the RGB lights and 

the appealing party mode are features intended to enhance the emotional properties of 

the device through design patterns. 

Attachment/confidence. A variety of strategies can be followed to improve the level of at-

tachment of the user towards the IC and to gain confidence in the long term. In this 

regard, the device has been designed to be small and easy to be moved to one place or 

another within the desktop in order to not be obtrusive. The confidence theme is imple-

mented by offering consistency over the visual information provided and openness. On 

the one side, the users are explained that what they observe with colours in the IC is an 

analogy of the real energy consumption being monitored by a smart plug connected to 
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their workstation. On the other side, it was offered to them the option of visualising the 

energy consumed in a digital time-series graph to corroborate that the visual cues built-in 

the device correspond to the power being drawn.

Use context. The IC is intended to promote energy efficiency in an office-based work 

environment and therefore, the limitation of this narrow context should be taken into 

account. To minimise the potential negative spill over effects related to a cause-effect 

design (e.g. forgot to switch off the monitor at home because the user does not have a 

blinking coaster in its private setting), the IC is designed to provide overall awareness 

about energy-efficiency. Therefore, the IC’s objective is to enhance understanding and 

eventually energy savings rather than recall a specific undesired action continuously. We 

believe that this design is prone to provide positive spill over effects in other contexts. 

Behaviour. The IC has been primarily designed to enhance awareness and to serve as an 

energy ally to the user rather than focusing on the improvement of a single behaviour. 

Therefore, and taking into account the design-hypothesis of this theme, the potential 

relapse effect derived from the elimination of the artifact should be less unfavourable. 

Besides, the own energy usage patterns learned by users after having interacted with the 

coaster for a short period could drive to more sustainable actions. Moreover, these might 

be more likely to stick because the behaviour change is not linked to the device but to the 

motivation and new energy-related knowledge of the individual. 

2. 2. 4. Evaluation and findings  

In the following, the main outcomes and insights from the evaluation of the IC are re-

ported. Then, the results are summarised including an outlook to the impact. This eval-

uation and other related insights of the study have been published in a previous work [7].

In December 2018, 10 volunteers who had the IC in their workstation (see Figure 4) were 

recruited. The initial findings from this session were the following: First, the functioning 

of the IC was found ambiguous by session’s participants. Some of them did not know 

what to expect from the IC in terms of energy efficiency, others were expecting an alarm-

based system whenever non-sustainable behaviours were detected, and others reported 

effects on obtrusive feedback (overall vibration and light intensity). Besides, we observed 

that people used and reflected on the IC. Specifically, some participants commented 

that they usually compare their current consumption with the previous days. Finally, we 

found that the IC provoked discussion among peers in the vicinity. The main purpose 

of the discussion was to find an agreement of the use and functioning of the IC. People 

were curious about the colours of close neighbours as these were used for comparative 

purposes. 

After two months, they were recruited again to evaluate the interaction in a follow up 

session. It was found that people started to not use the devices for different reasons. 



23

Some people thought that it occupies precious space in the workstation, others did not 

want to see a light always on continuously and others argued that it was useless for them. 

Besides, the conversations among neighbours about the IC diminished accordingly.  In 

addition, there was an overall perception that the device was very simple on its own and 

more (digital) information was necessary to understand the benefits of it in the daily rou-

tine. After these two months, the general feeling was that people did not notice changes 

in their behaviour. However, some people reported to regularly switch off the monitors 

during breaks, switching the computer off when they go home or even switch the lights 

of the bathroom. Thus, the IC can be understood as a subtle reminder of eco-practices 

that are quickly integrated in the ecosystem, reducing their energy impact in the short-

term. 

To sum up, the perception of people was that the IC was too simple and that more en-

hanced information was needed. They missed triggers to alert them when a wasteful 

energy practice is recognised (e.g. consume energy when the employee is not sat in its 

workstation). However, the value offered by the IC remained on its ambient interaction 

to make people aware that they should continue to do actions in favour of the environ-

ment.

In the third session, a meeting was done again with most of the volunteers. The results 

from the general discussion confirmed the highlights of the second session: People do 

not use the IC for its purpose. Still, people insisted on using the IC as a real coaster 

for placing the mug over, and as a subtle reminder for doing sustainable actions at the 

Figure 4. Participants of the Focus Group sessions.
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workplace. Another interesting finding is related to the idea that people wonder wheth-

er the small pro-environmental actions do really have an impact on the overall ener-

gy consumption, taking into account that they usually use energy-intensive devices for 

computing. Besides, participants missed explicit anchors to know if their behaviour was 

enhancing or worsening during the time. In the same vein, there was an agreement that 

the IC energy performance would have been ameliorated with periodic performance di-

gest through e-mail or other e-channels. Whereas volunteers rated the IC positively in the 

workplace, the majority thought that this could be also effective in a household context 

where families would be able to collectively reflect on energy consumption.

After the development of the first focus group, a Slack3 group was created with the partic-

ipants to open a direct communication channel with the recruited users. This platform 

had two main purposes: 1) create a direct way to gather the spontaneous feedback of the 

participants and 2) ask some open questions regarding the IC to track the performance 

of the device. These questions were provided in the first weeks, aiming at opening a 

discussion about the IC. After this time, the platform was maintained open until the end 

of the experimentation phase to let the participants a direct channel to communicate 

incidences and other related issues. 

The open questions led to some answers that covered a variety of topics such as the 

conversations about the energy efficiency, the use-context of the device, the awareness 

about energy waste and effects of technology removal. From the feedback of participants, 

a variety of insights were extracted. An interesting finding was that people considered 

that the IC makes more sense in a collective environment than for individual use. It was 

also discovered that the IC was well accepted and easily adopted by the participants of the 

experiment. Nevertheless, the initial attention decreased after the first weeks. The aware-

ness and adoption were different for each participant: while some of them seemed to be 

happy to have a device to help them, others felt it forced and unnecessary. 

As the results of the qualitative studies show, the IC helped to enhance the awareness 

about energy efficiency in the participants. Besides, it reminded them to adopt and main-

tain sustainable and green easy actions. Nevertheless, maybe due to its (intended) sim-

plicity, after the initial weeks the usage of the device decreased dramatically. Therefore, 

although the positive insights and conclusions, still there is a gap to improve and moti-

vate individuals towards the need to adopt and maintain energy efficient practices and 

actions. 

2. 2. 5. Discussion    

From the research presented in this stage, the key themes that must guide the design 

and implementation of behavioural interventions can be extracted. Besides, the discov-

ered design insights related to each theme facilitate the implementation of successful 

3	 https://slack.com/
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strategies, improving the overall performance. As exposed previously, the IC promotes 

awareness and encourages the importance of pro-environmental behaviour. Neverthe-

less, after a while the effect of the strategies decreases and finally it becomes mainly a 

personal reminder. Since the research findings show that there were differences between 

individuals’ preferences and opinions, we conclude that the adopted strategies to face the 

diversity were not enough to maintain their effect after the first weeks of novelty due to 

the lack of dynamic and adaptable strategies. This idea sets a key finding that must be 

further researched and developed. 

In line with the aforementioned idea, the main conclusion of this stage is the need of 

deepening into the diversity of individuals in order to improve the understanding of the 

main elements of behaviour change. Thus, it seems necessary to improve the theoretical 

approach to address diversity. The emerging theory from the GT analysis, which involves 

the relevant elements to face the design of interactive devices, maintains its validity. 

The need appeared from these findings is to propose a scheme focused on individuals, 

including their relevant attributes or categories, and thus be able to offer more concrete 

and effective interventions. This way, a guide to design better devices will be provided, 

and on the other hand, a framework to improve the understanding of  individuals. 

2. 3. The FOX model and its application

Driven by the knowledge emerged in previous stages, in the following lines the FOX 

model is presented: a novel meta-model that sets a holistic framework to address the 

diversity of individuals dynamically. Besides, a qualitative survey has been conducted 

to understand the main insights and potential application of the proposed framework. 

Section 2.3.2. exposes the main ideas from this mentioned survey, including the findings 

and results. Finally, in order to provide an example of application and the model has been 

applied into three case studies (Section 2.3.3.).

2. 3. 1. The FOX model  

Two of the key findings of the previous stage were that the simplicity of the solution pro-

posed through the IC was not enough to cover the needs of the different individuals, and 

that dynamic and personalised feedback was a main need for them. Thus, the need for 

a more complex and flexible framework to understand and classify individuals emerged 

as a requirement to implement behavioural strategies successfully. Following this idea, 

a novel and revised approach was ideated to address the diversity of people dynamically. 

The FOX model [16]  is a framework where the most relevant approaches to change be-

haviour are included (i.e. TTM [28], TPB [2], VBN [31] and Lockton’s classification [21]), 
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maintaining the original relations and meanings of different constructs and dimensions. 

This model offers a general perspective on the relevant elements to cope with diversity 

in the context of pro-environmental behaviour. This early model has been understood as 

dynamic; that is, the categorisation should be updated throughout time when changes 

in the individuals are detected. Furthermore, the model is also flexible. Thus, the dimen-

sions of behaviour can be complemented with others (e.g., demographics) and can be 

prioritised, structured, and organised depending on the requirements of the application 

context. Nevertheless, the relations of the different dimensions and the overall structure 

of these models should be taken into account, in order to avoid shortcomings. Following 

the findings discovered in the literature review, the frameworks were selected in relation 

to their complementary nature, selecting those that could be complemented with others. 

Another key factor to define the elements of the FOX model is related to its context. All 

selected theoretical frameworks have been previously applied in the context of sustain-

able behaviour. Thus, the suitability and relevance of the selected dimensions is ensured 

(see Figure 5 for an overview of the key dimensions and their connections). 

By adapting the original structure of the included approaches, each dimension comple-

ments and reinforce the others. Therefore, mixing and linking the most common theo-

retical models and classifications may help to avoid a narrow perspective of each single 

proposal by offering a more complex and holistic way to understand the behaviour. To 

better connect different items and understand their relations, Figure 6 illustrates the 

dimensions and categories. 

Figure 5. The dimensions included in the FOX model.
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Figure 6. The FOX model, including the dimensions and categories. Filled 
circles indicate where the individual is classified according to the model.
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Stages of Change. The TTM frames the behavioural process by addressing the stages of 

change over time [28]. Thus, Stages of Change are included in the model as a whole di-

mension, where the phases are defined as the elements or categories of this dimension. 

Stages of change are classified as: 1) Pre-contemplation: the individual has no intention 

to take action in the next six months; 2) Contemplation: the individual intends to take 

action in the next six months. 3) Preparation: the individual intends to take action within 

the next month and has taken behavioural steps to face it; 4) Action: significant changes 

in behaviour within the past six months; and 5) Maintenance and relapse: besides signif-

icant changes in the behaviour for more than six months, the person tries to sustain the 

acquired actions and to prevent relapse. 

Personality. When developing behavioural technologies, the diversity among individuals 

with similar contexts, values, and habits (e.g., siblings or friends) implies a differential 

factor. Thus, diverse personalities can be determined by the acceptance and adoption of 

inputs. In this context, the taxonomy proposed by Lockton et al. [21] fits due to its nature. 

This author identified three profiles: 1) Shortcut are human models that regulate their be-

haviour and are understood as narrowly rational users, making choices to minimise en-

ergy or cognitive expenditure; 2)Pinball are linear human systems, implying a user who 

only reacts simply to inputs and does not think about any decisions; and 3) Thoughtful 

individuals are learning human systems: people who analytically think about what they 

are doing and why, being able to set and modify their own goals. 

Attitudes. Following the TPB, behavioural beliefs produce a favourable or unfavourable 

attitude toward behaviour, which changes dynamically [2]. Attitudes are incremental 

and are defined as follows: 1) No Environmental Attitude—the individual does not see 

benefits or immediate positive impact; 2) Low Environmental Attitude—the individual 

thinks that a pro-environmental attitude may be positive but does not see its benefits or 

its immediate positive impact. Besides, he/she may perceive several barriers; 3) Medi-

um Environmental Attitude—the individual thinks that a pro-environmental attitude is 

positive but perceives several barriers that obscure fully positive beliefs towards his/her 

behaviour change; and 4) High Environmental Attitude—the individual’s beliefs towards 

sustainable behaviour are at the maximum level, believing that a pro-environmental at-

titude is very positive. 

Behavioural Control. This is another construct proposed by the TPB, which is linked with 

the control beliefs of the individual towards the specific target behaviour [2]. The clas-

sification proposed for this dimension is: 1) No Behavioural Control: people perceives 

that they have no control over a specific behaviour; 2) Low Behavioural Control: people 

think that the desired behaviour is difficult and that there are many barriers to carrying 

out the desired action or behaviour; 3) Medium Behavioural Control: people think that it 

is not difficult, nor easy to achieve the target behaviour and that some barriers make the 

change difficult; and 4) High Behavioural Control: the individual perceives that the target 

behaviour is easy and affordable. 
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Subjective Norm.  The subjective norm is based on how sustainable behaviour is per-

ceived by the individual and its context. Following Ajzen’s idea, normative beliefs result 

in perceived social pressure or Subjective Norm [1]. It is related to the internal rules of the 

individual and its own environment. This dimension is categorised as: 1) No Subjective 

Norm: the individual does not have subjective rules about pro-environmental behaviour 

and has neither internal, nor external pressure to adopt it; 2) Low Subjective Norm: the 

individual feels that pro-environmental behaviour is not a bad idea, but it does not feel 

important in his/her own life, due to the absence of a personal or social norm; 3) Medi-

um Subjective Norm: the individual feels that pro-environmental behaviour is a positive 

idea, but is not fully convinced and feels relaxed about the need to adopt the behaviour; 

and 4) High Subjective Norm: the individual feels that pro-environmental behaviour is 

an obligation, due to social and personal rules. 

Values. Values are a dimension extracted from the VBN theory, which involves a people’s 

personal concerns related to sustainability. According to Petkov et al., values alone are 

not enough to boost behaviour change [26], thus, this dimension should be complement-

ed with others. Stern’s paradigm proposes four types of values [32]. Thus, the classifica-

tion for this dimension is: 1) Altruistic: these values are focused on avoiding threats for 

other people; thus, altruistic individuals are those who care about others and equality; 2) 

Egoistic: these values are related to the needs and wants of the individual (e.g., their gains 

and losses); 3) Traditional: values related to security and to maintaining the current sta-

tus to preserve habits and traditions; and 4) Openness to change: values related to curios-

ity, involving individuals who are interested in different problems such as sustainability. 

Beliefs. Beliefs are the last dimension extracted from the VBN, which involve the con-

cerns related to the effects of human activity on the environment [32]. These are derived 

from values, following the idea that things relevant to those values are under threat. The 

categories are: 1) Conscious: involves the beliefs of the individuals who accept a new 

ecological paradigm; 2) Aware: classifies individuals who are aware of the adverse conse-

quences for valued objects due to environmental problems; and 3) Responsible: involves 

individuals that perceive their ability to reduce the threat and, therefore, are more willing 

to take action and adopt sustainable behaviours. 

The classification of the FOX model includes different categories depending on the di-

mension. There are quantitative categorisations e.g., Attitudes, where indifference can 

be 0 value and the most positive attitude 10. On the other hand, qualitative dimensions 

such as Personality or Values are divided by qualities and specifications but cannot be 

understood in an incremental measurement context. This way, categories such as Beliefs 

dimension may involve both approaches: consciousness, awareness, and responsibilities 

are qualitative but also quantitative if they are understood as chained, being the con-

sciousness the first state and the responsibility the last one. 

The dimension Stages of Change has a longitudinal approach, and it is understood 
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through phases, where the individual is placed in any specific stage. Due to this, the FOX 

model includes all other dimensions along with the different phases, covering hetero-

geneity through all the stages of the change process. Personality is another dimension 

that is placed according to its specific nature. Taking into account that the “models of the 

human system” proposed by Lockton et al. [21] involve a broad contextualisation of the 

individual in regard to sustainable behaviour, this dimension is placed in the bottom of 

the model and linked with the other elements of the model. The remaining dimensions 

of the meta-model are linked following the relations proposed by each behavioural mod-

el: 1) the dimensions extracted from constructs of the VBN are chained, being the Values 

the starting point, the Beliefs based on the values the next item, and last dimension is 

related to the Subjective Norm that user develops based on two previous factors. 2) Atti-

tudes, Behavioural Control and Subjective Norm are part of the TPB and therefore, these 

are linked to map the impact that each dimension has in others. Hence, the dimensions 

preserve their placement and context proposed in their own behavioural framework and 

should be understood with their links and relations to do not miss the influences that 

each dimension can imply in others. Subjective Norm is included in the VBN and TPB, 

and therefore, is located as a single dimension related to both models and maintaining 

their original connections. 

2. 3. 2. Qualitative survey 

In order to discover the main concerns and insights related to the proposed model, a 

qualitative survey was developed. After the implementation of the questionnaire, the 

responses were analysed and reviewed. 

The main finding of the study is related to the fact that all of the respondents confirmed 

the model was applicable in their field of work (e.g., Internet of Things, Energy Demand 

Response, Blockchain, or Ambient Assisted Living). In the following lines, the relevant 

insights are exposed.

The importance of personalised interventions. As exposed previously, all of the respondents 

agreed on the applicability of the model in their own fields. Furthermore, they also agreed 

on the potential of the FOX model to implement personalised interventions. Thus, in 

this preliminary study, the model appears to be interesting and valuable for the research 

community in different contexts. Besides, the coverage of the different theoretical frame-

works was valuable for the participants, reinforcing the idea about the importance of the 

different perspectives. 

Specific and complementary dimensions to foster the inclusion of individuals. In line with the 

previous idea, another relevant conclusion extracted was the need of complementing 

behaviour-related dimensions exposed in the FOX model with non-behavioural dimen-

sions. These must be specific to each context and may include social and demographic 

data. 
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Flexible and updated model to accompany the individual. As an interviewee exposed, one 

of the shortcomings of traditional user modelling is static characterisation. For that, the 

flexibility of the model is a relevant key point that should be addressed in any of its ap-

plications; that is, the system should be able to detect any change in its categorisation, 

update the status of the user profile, and offer inputs related to it. 

Diverse context of application. Another insight extracted from the qualitative study was 

the applicability of the FOX model in different contexts. Although this framework was 

created to foster pro-environmental behaviour, three respondents explicitly exposed its 

possible application to their own fields, such as education and health. Nevertheless, in 

order to apply the framework to any given context, it seems crucial to study the relevant 

dimensions and/or variables for each context, adapting the model according to them. 

Rules and measures to categorise individuals. As this preliminary model proposes a novel 

classification mechanism, some participants questioned the idea of how to distribute 

people. Thus, specific rules and measures are needed to organise individuals, according 

to the dimensions, and to define specific interventions for each of them. 

Neither intrusion nor tedious systems for data gathering. Following with the previous idea, 

the data gathered for the modelling should be done with non-intrusive systems that pro-

vide a good experience. Thus, the relevance of the design-specific and non-intrusive data 

gathering tools emerges as a need to further develop the FOX model. Nevertheless, how 

the data can be gathered depends on the technological capability and the context. Al-

though gathering the data through questionnaires and other traditional tools can be very 

tedious, in most cases, data collection can be done through smart devices and specific 

sensors located to capture information with no intrusion, while taking into account the 

privacy of the individual. 

Avoid biases to foster diversity. As a final conclusion, a relevant insight should be taken into 

account: it is highly important to be careful with the fact that the inclusion of some char-

acteristics (e.g., demographics such as gender, race and/or country) may bias the model. 

Thus, the inclusion of complementary dimensions and the definition of the specific rules 

for each dimension should be studied and analysed in detail, in order to ensure that the 

model does not include any bias. 

2. 3. 3. Case studies

Aiming at exploring how the FOX model can be applied and to better understand the tar-

get individuals in their context, three qualitative case studies were developed. Following 

the approach of Schwandt and Gates, there is no single definition of “case study” when 

trying to understand the behavioural implications of people [30], Besides, the authors 

ensured that there were considerable variations across disciplines. Taking this into ac-

count, in the present dissertation the definition of Schwandt and Gates is used; that is, 
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understanding a case study as a detailed description and analysis of any specific issue, 

being a method widely used to perform qualitative research [30].

For the development, the Persona-Scenario method [14] was applied. This procedure in-

tegrates the Persona method with scenario building. Persona [4] is a common methodol-

ogy in the field of HCI, which is intended to define user archetypes. It aims at envisaging 

a real individual, in order to gain an understanding of target groups. It provides an ide-

alisation of a specific user profile, including all the relevant elements to understand the 

main attributes, lifestyle, emotions, feelings, and other relevant information. This tool is 

useful to define and visualise individuals in relation to any given context.

Hence, by developing Personas, the profile of an individual can be understood and en-

visaged in more depth. This is in line with the approach followed by He et al. [12] when 

describing the application of the TTM. In addition, the description of the preferences 

Figure 7. Jon and the main characteristics that are included in the profiling at 
the initial stage.

JON ZABALA

SUBJECTIVE
NORM

STAGES OF 
CHANGE ATTITUDES

BEHAVIOURAL 
CONTROL VALUES BELIEFS PERSONALITY

CONTEMPLATOR AWAREMEDIUMLOWMEDIUM ALTRUISTIC SHORTCUT

AGE
LOCATION

OCUPATION
STATUS

ARCHETYPE

34
Berlin, Germany
Architect
Lives with his boyfriend
Busy & lazy

PAINS
Sometimes Jon feels that 

he does not do enough 
for the environment. He 

thinks it is difficult to
be sustainable.

GAINS 
Jon is happy when he 
does his best. If the 
choice is affordable, he 
always chooses the most 
sustainable option. 

“ I know the environmental problem is serious and I do my best 
to try to be sustainable. However, I’m very busy and I can not 
think too much on it.” 

Jon lives in Berlin with Peter and Zero (their dog). He is a 34-year-old architect who 

recently started a new job in a very prestigious architecture studio. He is a 

hard-working person who is always worried about being efficient and productive in 

his life. He is very familiar with technological devices and gadgets and he has been 

a fan of the Apple brand for a long time. At present, he owns two Macs, an iPhone, 

an Apple Watch, AirPods, and an iPad. He likes rock music and going to music 

concerts. 

Jon is not a sporty person, but he tries to stay active in his everyday life. Therefore, 

he goes walking whenever possible and goes hiking on the weekends. Since he was 

a child, he has loved dinosaurs. He has a great collection of books and other related 

stuff. His perfect weekend is a concert with friends on Saturday and watching 

Netflix and relaxing on Sunday. 

Jon is conscious of the environmental situation and its importance. He cares about 

the situation of people in danger, and most of his friends are very active in this 

field. Indeed, pro-environmentalism is a common topic in his everyday life. Due to 

this, Jon somehow aspires to improve his lifestyle according to his concerns. For 

example, he eats less meat, and he tries to reduce his waste output. Nevertheless, as 

he has many things on his mind, he does not make any relevant effort to improve 

the impact of his actions. He often thinks about it and feels guilty, but due to the 

fact that he finds it complicated to make any meaningful impact on the environ-

ment, he does not behave fully responsible in terms of sustainability.
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Figure 8. Lily and the main characteristics that are included in the profiling at 
the initial stage.

and other relevant insights helps researchers and practitioners to understand better how 

an intervention would be received by the potential users. The creation of scenarios is the 

next step of the Persona-Scenario method, which involves the exploration of the perfor-

mance of the Personas in any specific context and/or system. This tool helps to envisage 

how a system or framework, in the context of the Personas, would work and to identify 

potential design problems in early stages. 

Personas. For this research work, three individuals have been devised: Jon, Lily and Sua. 

These profiles were developed taking into account the different personalities proposed 

in the FOX model. Thus, Jon is a Shortcut user, Lily is a Thoughtful user; and Sua is a 

Pinball user. Figure 7 shows the main attributes and description of Jon, Figure 8 of Lily 

and finally, Figure 9 shows the information related to Sua.

Scenarios. Once user profiles are defined, the next step is to underpin how these arche-

LILY RICCI

MAINTENANCE RESPONSIBLEHIGHMEDIUMHIGH OPENESS TO 
CHANGE

THOUGHTFUL

AGE
LOCATION

OCUPATION
STATUS

ARCHETYPE

43
Catania, Italy
Flower Shop owner
Single, lives alone
Responsible & proactive

“It is our problem, our home is in a big danger. We must do whatever 
we can to solve it.” 

PAINS
Lily wants to do 

more for the 
environment but 

she feels she can 
not. 

GAINS 
Lily is excited about learning 
new pro-environmental things. 
Besides, she is very proud of 
her process and improve-
ments in relation to sustaina-
bility.

Lily lives in Catania, Italy. She is a 43-year-old woman who lives in a small flat in 
the city centre together with her two cats, Milos and Alfred. She loves her small 
flower shop and works hard on it. She is an open-minded person who is calm, 
optimistic, and polite. She enjoys everyday contact with people and loves working 
with flowers and plants and being in natural environments. She uses social 
media in her daily life, mostly to promote her business and to deal with custo-
mers. Indeed, she prefers personal relationships. 
She practices yoga and Tai-Chi once a week. She reads a lot; most of the books 
are historic and noir novels, and as she is a dreamer, she enjoys visualising 
herself in these adventures. Lily is a convinced vegan, although she does not like 
persuading others about it. Her perfect weekend is travelling outdoors to discover 
landscapes by walking in the middle of nature, followed by having a coffee and 
cake in a nice place. 

Lily is very aware of the environmental situation. She feels responsible for it, and 
she is very active in doing her best to reduce her environmental impact. For Lily 
and her friends, being environmentally conscious is very important; therefore, 
they always make the most environmentally friendly choices when eating, 
travelling, buying groceries, and so on. She always reflects on her actions and 
tries to improve her behaviour. Nevertheless, she feels that some environmental 
issues are out of her control, and she feels frustrated about it.

SUBJECTIVE
NORM

STAGES OF 
CHANGE ATTITUDES

BEHAVIOURAL 
CONTROL VALUES BELIEFS PERSONALITY
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types perform their sustainable behaviour by applying the FOX model in the context of 

smart environments. For that, the first step is to set the main stages and actions of the 

implementation process to identify the critical areas Figure 10 shows the workflow de-

fined to apply the FOX model. This tool will help to detail the specific tasks and stages 

of the process to gain knowledge on how the system will work. Based on the workflow, 

three specific scenarios are developed, one for each user model: 1) The scenario of Jon 

is contextualised in his workplace. In this open space, the main devices are shared with 

other colleagues, but they have a smart system that can detect individual actions and 

give personalised inputs according to them. The main device involved in this context is 

an app that offers information and other features. As Jon’s workplace is a smart office, 

this app is connected to the different sensors of the office. 2) The context of Lily involves 

her home. She has just one smart device, a smart meter, which can learn from Lily’s 

behaviour and predict her actions, reinforce her behaviour, offer recommendations, and 

suggest automation strategies. 3) The last scenario involves Sua and her family. Their 

Figure 9. Sua and the main characteristics that are included in the profiling 
at the initial stage.

SUA BOIX

PRE
CONTEMPLATOR

CONSCIOUSLOWNONO EGOISTIC PINBALL

AGE
LOCATION

OCUPATION
STATUS

ARCHETYPE

58
Barcelona, Spain
Teacher
Married with 2 sons
Detached

“I have a lot of problems in my everyday life and I can not think on 
this right now. Besides, it is the responsability of the politicians.” 

PAINS
Sua believes that politi-

cians and companies are 
ruining the environment. 

She feels she can do 
nothing about it. 

GAINS 
Sua is happy because 
she made some sustaina-
ble improvements that 
also were good for her 
(e.g. saving energy).

Sua (58) lives in Barcelona with her husband Josu. They have two sons, Mikel 
(29) and Aitor (33), who moved out a few years ago, but live near them, at their 
own places in Barcelona. Sua is a teacher at a high school with 15–16-year-old 
students. She has worked there for more than 20 years, and she is happy there, 
although she thinks very often about retirement. Although Sua and her family do 
not have big problems, Sua is always worried and concerned about her husband 
and her sons. 
Sua and Josu love going to the beach. They own a house in a small village near 
the sea, and they go there very often. Sua likes cooking and gardening, growing 
vegetables in the small garden they have in their country house. Her perfect 
weekend is going to the beach early in the morning, then preparing and enjoying 
a big lunch for all of her family with her own raised vegetables. 

Sua is not really concerned about the environmental situation. She recognises 
that it is a problem, but she does not feel it is her problem. She believes that this 
situation is a direct consequence of the poor management of politicians, and she 
does not feel responsible for it. As she is constantly worried about her family’s 
economics, she is worried about the specific behaviours that have a direct impact 
on them, such as the monthly bills. Nevertheless, as she does not think about her 
actions, she has made some improvements (due to her sons) without noticing 
them.

SUBJECTIVE
NORM

STAGES OF 
CHANGE ATTITUDES

BEHAVIOURAL 
CONTROL VALUES BELIEFS PERSONALITY
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context involves a smart home (an individual space with a smart system installed), where 

the key factor is the inclusion of different user profiles, offering common interventions 

to reinforce the group, as well as personalised inputs, according to the different user pro-

files. In this way, all the individuals have a common goal while preserving their personal 

preferences. 

Thus, they will feel a part of the group while maintaining their individuality. The devices 

involved in this scenario are mainly the app and other home appliances connected to the 

Internet, such as the vacuum cleaner, the lights, and the thermostat. 

A detailed explanation of these scenarios can be found in the manuscript included in 

Chapter 5. 

2. 3. 4. Discussion of the FOX model

The exposed Personas explored an individual’s universe and his/her complexity, while 

the use cases explored how these archetypes perform their behaviours and interact with 

the system in any given context. In this way, the development of Personas may help to 

better understand individuals, while the development of the case studies may help to 

comprehend how these user archetypes interact with the system in their everyday life. 

Furthermore, although more research is needed to validate the findings, the possibilities 

the FOX model offers can be envisaged through these scenarios. Besides, using these 

methods the implementation of the strategies can be conceptualised in an early stage 

of the process, in order to test whether an idea or intervention works in a given context, 

before investing resources into it. To provide an overview of the performance of the 

model, Figure 10 shows the workflow where the main stages of the performance of the 

FOX model are detailed. 

Another critical factor that should be considered is the importance of complementing the 

dimensions of the model with other specific data. From the results of the survey, we con-

clude that the dimensions should vary depending on the context of the application, com-

plementing the core elements of the model with other information such as demographic 

variables. Besides, the proposed case studies show also how the usage of non-behavioural 

dimensions is a paramount issue. 

Additional relevant topics that should be further investigated relates to the way that rules 

and measures for classifying individuals should be set up. As the results of the qualita-

tive study show, in order to implement the FOX model in the user modelling process, 

specific measures are needed to include the individual in each category, depending on 

their characteristics. 

Finally, from the qualitative study, we also extracted how the FOX model can be applied 

to different contexts. From health to education, the model may be implemented to cov-

er the diversity of individuals when developing interventions in any target population. 
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Nevertheless, as previously indicated, the selection of the dimensions, the development 

of specific rules and measures, and the implementation of data gathering tools must be 

carefully considered, in order to adapt and apply the model successfully. 

Figure 10. The workflow related to the performance of the FOX model.





“I confess that I should feel a bit afraid of asking  
Sunday who he really is.”

“Why,” asked the Secretary, “for fear of bombs?”

“No,” said the Professor, “for fear he might tell me.”

G. K. Chesterton, The Man Who Was Thursday
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ABSTRACT Energy-efficiency related research has reached a growing interest in recent years due to the
imminent scarcity of non-renewable resources in our environment and the impending impacts their usage
have on our environment. Thus, facing the reduction of energy waste and management has become a pivotal
issue in our society. To cope with energy inefficiency, the scientific research community has identified the
promotion of people’s behaviour change as a critical field to foster environmental sustainability. However,
the body of literature shows a lack of systematic methods and processes to reach a common ground when
designing technology for promoting sustainable behaviour change. Therefore, this paper contributes with
a thorough review and analysis of state of the art. Firstly, theoretical works related to behaviour change
are collected and studied to clarify their main concepts and theories. Secondly, the different technologies,
processes, methods and techniques applied in the field are reviewed to find diverse strategies in the
application of the previously explained theoretical domains. Moreover, a wide range of systems developed
to improve energy efficiency through human behaviour change is analysed (from augmented objects to the
Internet of Things, digital applications or websites). Finally, the detected research gaps are listed to guide
future research when aiming to raise the awareness of individuals through Information and Communication
Technologies.

INDEX TERMS Behaviour change, Internet of Things, sustainability, sustainable behaviour change, ICT.

I. INTRODUCTION
The industrial development and the fast proliferation of Infor-
mation and Communication Technologies (ICT) and elec-
tronic devices are some of the wide amount of factors that
have increased energy usage in the current years [1]. To avoid
massive exploitation and waste of natural resources, a sus-
tainable approach must be implemented in all the stages of
the value-support chain. There are 2 common approaches
to tackle energy efficiency through technological systems,
which can be used in an isolated or complementary way:
1)With Technology: this approach involves technology-based
solutions, like automation or Artificial Intelligence. This idea
puts the focus on the devices or systems themselves. Thus,
the responsibility of being efficient lies in the technology.

The associate editor coordinating the review of this manuscript and
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Although this can be a powerful strategy, it presents some
negative effects when individuals are involved: the auto-
mated processes may cause distrust, and a rebound effect
may appear when the technological aspect is removed due
to the disassociation of the user [2]. 2) Through Technology:
This approach uses technology as a way to influence on the
individual. For that, the Human-Computer Interaction relies
on the user side to improve awareness about energy efficiency
and sustainable behaviour through methods and techniques
that focus on the human factor.

To understand human behaviour towards waste of energy,
the context is a key factor that presents specific challenges.
In scenarios where the individual is not involved (like in some
industrial processes) ‘‘With tech’’ approach can be feasible.
However, the individuals behave differently depending on
the context and therefore, the context-related factors must be
taken into account when the user is involved in a specific
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FIGURE 1. The basic workflow of the development of Behavioural Technologies is followed in this work to review the different works in the
field.

strategy or interaction. The physical environment where sus-
tainable behaviour is performed is directly related to this con-
text [3]. At private spaces, like home, the individual is more
aware of their own energy consumption since they are the one
in charge of managing the energy-related issues and paying
the fees. In shared or public spaces, like the workplace,
the responsibilities are diluted and the behaviour is less strict
as a consequence. Thus, the awareness about energy con-
sumption in workplaces is poorer than in private spaces due
to the third party management and payment, and therefore,
energy waste is higher in this type of contexts. Although the
awareness of the individuals through sustainable behaviours
and efficient energy management should be improved and
fostered in every context and moment, the gap to improve-
ments is higher in contexts managed by third parties.

While awareness is always linked with consciousness,
the behaviour change can be performed avoiding the
conscious actions and decision-making processes. Some
strategies and tools to foster the change can not influence
the individual, but most of them address the rational side,
improving the awareness to raise the change subsequently.
Therefore, both ‘‘awareness’’ and ‘‘behaviour change’’ con-
cepts are closely related, but it is important to recognise the
differences. In fact, they should be taken into account to
understand the implications and correlations between both
concepts in order to target each strategy.

Following the lines proposed by a previous works in
the field [4], this paper offers an overview of the different
concerns related to energy-efficient behaviour. Furthermore,
it covers a significant number of relevant pieces of research
from different scholars, ranging from the theoretical issues to
the final applications and systems. Hence, the main contribu-
tions are, i) to collect relevant works from the body of liter-
ature; ii) to analyse the current status of the research topic;
iii) to find gaps and the uncovered issues in the literature;
and iv) to set future research lines and shed light on how
the research field may evolve. To address these objectives,
we provide a structured analysis to offer researchers and
practitioners a guide of the different concerns related to the
development of technologies to foster the energy-efficiency
addressing the human factor. The structure of this paper
follows the work-flow of the ideation and development of
Behavioural Technologies (BT) (see Figure 1). For additional
clarification, BT are understood as technological strategies
and systems addressed to target the behaviour change.

For selecting the works presented in this article, we applied
the following methodology: mainly works related to the
energy efficiency have been analysed, and the theoretical
approach has been delimited to this area to avoid losing
the focus from the target topic. From this selection cri-
teria, the most recent works have been prioritised. The
included information has been extracted from the main schol-
arly research databases, including Google Scholar, Scopus
or IEEE Xplorer. These databases were queried using a
combination of keywords such as ‘‘Behavioural Technolo-
gies’’, ‘‘Sustainable Behaviour Change’’, ‘‘Eco-feedback’’ or
‘‘Activity Recognition Model’’.

From the large number of works included in those cat-
egories (e.g. 2750 results for ‘‘Eco-feedback’’, 1270 for
‘‘Sustainable Behaviour Change’’ or 1160 for ‘‘Activity
Recognition Model’’ in Google Scholar), every search was
redefined using secondary keywords such as ‘‘sustainabil-
ity’’ or ‘‘energy-efficiency’’ to find the best combination.
Those with the main keyword in the title or the abstract
and containing the secondary ones in the rest of the paper
were pre-selected and categorised according to the different
topics they were related to. However, in section III some
other works non-related to the energy have been added in
order to show examples of works using advanced behaviour
recognition techniques for behaviour change in other
fields.

The most relevant papers were then carefully reviewed
to determine the final eligibility, and its bibliography was
also analysed in order to extract relevant references which
could enrich our study. As a result of this process, this work
includes a selection of almost 150 papers, most of them
recently published, on a wide variety of topics around energy-
efficiency and behaviour change.

The rest of the paper is structured as follows: Section II
reviews the most common and used theoretical approaches
applied to energy efficiency, highlighting works that use
and implement these frameworks in technological systems
or interfaces. The objective is to offer a solid theoretical
background to contextualise the technologies that address
energy efficiency through the human factor. This section
will help the research community to face the development
of technological systems with the understanding of theoret-
ical concerns that needs be taken into account to develop
human-centric technologies and systems. Next, we put the
focus on the behaviour recognition technologies in intelligent
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environments (Section III). Behavioural recognition involves
technologies to gather and process data from the users in
order to model and predict their activity. In this context,
the existing approaches are reviewed to offer an overview of
the current state of the art in the field: data-driven approaches,
knowledge-driven approaches, and hybrid approaches. This
section offers a summary of the current state of the art in
behaviour modelling and recognition and may be helpful to
the practitioners due to the review of the available approaches
and technologies provided, which can guide the selection of
technologies and the development of new ones. After the
revision of theoretical concerns and the modelling and recog-
nition technologies, the next step in the development of BT
should be to select behaviour change strategies and methods.
In Section IV, we offer a review of the most relevant guide-
lines, toolkits and empirical findings to provide an overview
that aims at helping the researchers and practitioners in
the strategy selection and implementation. Once covered
the theoretical frameworks, behaviour recognition/modelling
technologies and strategy selection, we put the focus in the
technological systems intended to change the human
behaviour to face energy efficiency. Therefore, Section V,
tangible and digital systems that address the energy efficiency
through human factor are reviewed, from energy consump-
tion data to context-aware information and including other
behaviour-related systems. Next, we propose a discussion to
analyse the most controversial findings and different or com-
plementary approaches that can be complex and diffuse. And
finally, with the intention of offering valuable knowledge,
we highlight the findings of the research work, providing a
summary of the main conclusions. Besides, we summarise
the main findings of the current state of the art, the main gaps
that are uncovered and the future research lines that should
guide the research work.

II. THEORETICAL APPROACHES FOR BEHAVIOUR
CHANGE
As Hekler et al. [5] stated, BTs are gaining importance
in the research community. Therefore, to develop suc-
cessful systems and strategies it is crucial to understand
human behaviour in its different phases. In fact, most of
the behaviour change systems set their work upon theo-
retical models to sustain their research in a psychological
background that contextualises the behavioural action and
process. Nevertheless, the behavioural theories are not uni-
versal and they can present shortcomings. The researchers
and practitioners should take this into account in the selection
and analysis of the behavioural theoretical background.

In this section, we describe the most relevant theoretical
approaches that have been implemented in BT addressed
to promote energy efficiency. Firstly, we introduce the
most used behaviour change theories and models. Secondly,
we introduce Behavioural Economics, a field that emerged
from economists that have been applied to improve energy-
efficient behaviours. Finally, we summarise the main theoret-
ical framework used for activity modelling and recognition.

The explained theoretical models have significant differ-
ences taking into account the constructs used to frame the
behavioural process. These differences can be used to choose
the appropriate framework for each case. Besides, these
can be combined and complemented to avoid the potential
shortcomings derived from the static of the use of a single
framework.

A. THEORETICAL MODELS FOR BEHAVIOUR CHANGE
In this review, we only put the focus on theoretical approaches
and/or conceptual frameworks that are used to foster energy
efficiency. This is important, as we only focus on these avail-
able theories that are being taken into account to develop
BT. Hence, the main models of behaviour change appli-
cable in the field of environmental sustainability are the
following:

1) The Trans-Theoretical Model (TTM) [6] takes into
account the different phases that occur in the behaviour
change process: pre-contemplation, contemplation,
preparation, action, maintenance and termination.
Certain principles and processes to generate the desired
behaviour change work best in each of the different
stagesmentioned. Based on this frameworkHe et al. [7]
implement different strategies based on the diversity
of the individuals. In addition, Wising, Chirez and
Adams [8] develop a proposal based on an adaptation of
the Trans-Theoretical model to improve the industrial
energy efficiency by changing the energy culture.

2) The theory of Values Beliefs Norms (VBN) [9], applies
a value-based theory to a wide range of factors influ-
encing the individual. Subjective norm is activated
when individuals become aware that certain behaviour
that they perform have adverse effects on issues they
belief, and that behavioural action will have a positive
and significant impact on the aspects the individual
values. This approach is proposed by Stern et al. [9]
and refined later [10], developing a framework of pro-
environmental behaviour following the value-beliefs
norms. Besides, [11] Petkov et al. proposed an interface
offering feedback to different user types depending on
the different values outlined by Stern’s theory.

3) The Theory of Planned Behaviour (TPB) [12], is a
conceptual framework that links beliefs, attitudes and
behaviours with the intentions, which helps to under-
stand how people’s behaviour can be changed or
directed with a series of predictable aspects that can
influence the intended behaviour. This theory is based
on the decision-making process (intentions) and the
execution of the activity, and is conditioned by three
factors: the personal evaluation of the behaviour (pos-
itive or negative), subjective norms and perceived
behavioural control over the behaviour you want to
change. In the same way as Petkov et al. applied
the VBN, Coskun and Erburg [13] defined hypo-
thetical user types for pro-environmental behaviour
based on the variables defined by the Theory of
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FIGURE 2. Activity recognition hierarchy model.

Planned Behaviour. In addition, Greaves, Zibarras and
Stride explored the environmental behavioural inten-
tions in the workplace using the TPB theory [14].

4) The Self-Concordance Model [15] is based on the
idea that it is possible to improve the (sustainable)
behaviour connecting specific behaviours with goals
which are important to the individual. Although this
model has been applied in another context, to the
best of our knowledge there is only one related
to energy efficiency: a recent study developed by
Unsworth and McNeil [16] where an intervention is
tested, validating the idea that connecting the goals
and pro-environmental behaviour, the latter can be
improved.

B. BEHAVIOURAL ECONOMICS
Behavioural Economics is a field that analyses the effects
of psychological and cognitive factors in the decision-
making process of individuals [17]. It aims at guiding
the conduct of the individuals covering the discrepancies
among the perceived behaviour and the real conducts and
actions. Behavioural economics is based on the limita-
tions and barriers that influence the decision-making pro-
cess and consequently in the behaviour. For that, this
approach is focused on the heuristics and biases that influ-
ence the individual’s choices. In recent work, Sorrell exposes
a review of issues, challenges and approaches to address
the energy efficiency, including behavioural economics as
a field that provides a more robust understanding of eco-
nomic decision-making [18]. Besides, Frederiks, Stenner and
Hobman apply the behavioural economics to understand
the consumer decision-making and behaviour in the house-
hold energy-use [17]. The role of Behavioural economics in
Energy and Climate Policy has been explored by Pollit and
Shaorshadze [19]. They analyse the three areas of impact:
consumption and habits, investment in energy efficiency and

provision of public goods and support for pro-environmental
behaviour. Nevertheless, they conclude that behavioural eco-
nomics seem unlikely to provide the solution to massive
energy consumption problematic.

C. BEHAVIOURAL THEORIES FOR ACTIVITY RECOGNITION
From the point of view of the activity recognition,
the behavioural theories are understood as conscious move-
ments developed in a determinate frequency.Multiple authors
have introduced several definitions for human conduct in
intelligent environments, conditioned by the complexity and
granularity of the modelled conduct. Chaaraoui et al. [20]
propose a model with three levels of conduct: actions, activi-
ties and behaviours. In this model, each of the levels is com-
posed by conduct instances of the previous level, i.e. activities
are composed by actions and behaviours are composed by
activities. Almeida & Azkune [21] extended and formalised
this model, providing definitions of each level and distin-
guishing two types of behaviours, intra-activity behaviours
and inter-activity behaviours (Figure 2). Authors propose the
following definitions:

• Actions are temporally short and conscious muscular
movements made by the users (e.g., taking a cup, open-
ing the fridge, etc.).

• Activities are temporally longer but finite and are com-
posed of several actions (e.g., preparing dinner, taking a
shower, watching a movie, etc.).

• Behaviours describe how the user performs these activi-
ties at different times. They have identified two types of
behaviours. The intra-activity behaviours describe how
a single activity is performed by a user at different times
(e.g., while the user is preparing dinner, sometimes they
may gather all the ingredients before starting, while on
other occasions, the user may take them as they are
needed). The inter-activity behaviours describe how the
user chains different activities (e.g., on Mondays after
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having breakfast, the user leaves the house to go to work,
but in the weekends, they go to the main room).

III. BEHAVIOUR MODELLING AND RECOGNITION IN
INTELLIGENT ENVIRONMENTS
Human behaviour modelling and recognition is an active
area of research for promoting behaviour change in intel-
ligent environments. To do so, several behaviour mod-
elling approaches have been employed. For instance,
Carulla et al. [22] proposed the modelling of higher-level
conducts, starting from the behaviour. The authors pro-
posed a hierarchical structure that includes behaviours,
habits (repeated behaviours that have been internalized) and
lifestyles (groups of habits). They model a taxonomy of
six higher level habit categories (diet/exercise, vitality/stress,
sleep, cognition, substance use and other risks).

In this direction, other authors have also created several
ontologies to describe human behaviour. Chen &Nugent [23]
propose an ontology modelling the Activities of Daily Liv-
ing [24] to be used for activity recognition. Similarly,
Nevatia et al. [25] created an ontology to model actions in
videos. While Latfi et al. [26] propose an ontological archi-
tecture of a telehealth-based smart home aiming at high-level
intelligent applications for elderly persons suffering from loss
of cognitive autonomy. Azkune et al. [27] propose an ontol-
ogy to model actions and activities based on their type and
the sensors used for their detection. Riboni et al. [28] use a
detailed ontology of possibles behaviours to recognize them.
Finally, Almeida & López-de-Ipiña [29] propose a model that
considers uncertainty and fuzziness when modelling intelli-
gent environments.

Behaviour recognition in intelligent environments is
divided into two significant approaches, data-driven and
knowledge-driven approaches, with the hybrid approaches
that combine both of them gaining popularity in the last
years. Data-driven approaches use annotated datasets to apply
machine learning and data mining algorithms to learn mod-
els able to recognize the target behaviours. Several exam-
ples of the data-driven approaches exist in the literature.
Brand et al. [30] present a Hidden Markov Model based
system to recognize the activities that the users are per-
forming. Hayashi et al. [31] use deep neural networks for
activity recognition based on accelerometer data and envi-
ronmental sounds. Moreover, Almeida et al. [32] represent
user actions using Word2Vec embeddings and then apply
multi-scale convolutional neural networks (CNN) to predict
the user behaviour based on the previously executed actions.
To conclude, Guan & Plötz [33] use ensembles of LSTMs to
recognize activities of daily living in smart-homes, based on
sensor data.

In the case of the knowledge-driven approaches for
behaviour recognition, prior domain-specific knowledge is
used to create behaviour models that are compared with
the captured data. To do that, Chen et al. [34] propose
a logical framework for cognitive behavioural modelling,
reasoning and assistance based on a logical theory of

actions, which they refer to as Event Calculus. In COSAR,
Riboni & Bettini [35] use ontologies and ontological rea-
soning combined with statistical inference. The authors
use structured symbolic knowledge about the environment
to infer which activities among the candidates identified
by statistical methods are more likely being executed.
Chen & Nugent [36] also propose another different system,
based on multi-sensor data streams in smart homes, which
exploits semantic reasoning and classification for activity
recognition, enabling both coarse-grained and fine-grained
activity recognition. Finally, Noor et al. [37] present an
algorithm that integrates OWL ontological reasoning mech-
anism with Dempster–Shafer theory of evidence to provide
support for handling uncertainty in ontology-based activity
recognition.

Hybrid approaches combine both data- and knowledge-
driven solutions for behaviour recognition. For example,
Ye et al. [38] present a hybrid activity recognition system
named USMART, where ontologic models define the sen-
sors measures that compose an activity. In order to detect
the sensor patterns that need to be mapped, they propose a
semantic similarity metric. Azkune & Almeida [39] propose
an easily scalable activity recognition systems named HARS,
which uses an unsupervised pattern recognition algorithm to
detect possible activities and using minimal activity models
to recognize them. Riboni et al. [28] first model the behaviour
knowledge using an ontology which later is mapped to
a Markov Logic Network, an approach that requires very
detailed models of the users’ behaviour.

A more in-depth analysis of behavior recognition can
be found in the surveys by Lara & Labrador [40],
Shoaib et al. [41], Chen et al. [42] and Wang et al. [43].

Following this trend, different works have applied
behaviour recognition and modelling techniques to improve
energy efficiency through behaviour change. Casado-
Mansilla et al. [44] model and predict specific energy-related
behaviours (i.e. usage of specific devices) using ARIMA to
foster more sustainable behaviours. Fabi et al. [45] modelled
human window opening behaviour in residential buildings
in order to reduce levels of buildings energy consumptions.
Nguyen et al. [46] present an ontology-based activity recog-
nition system in office environments in order to serve as input
for building energy and comfort management systems. The
proposed system handles multiple-user, multiple-area situa-
tions, rapidly recognizing office activities. Cottone et al. [47]
propose an hybrid activity recognition model based on the
SAIL [48] and MDL [49] algorithms in order to predict
energy consumption.

IV. METHODOLOGIES TO DEVELOP BEHAVIOUR
CHANGE TECHNOLOGIES
Behavioural theories and frameworks may be abstract and
complex to be implemented when developing BT to improve
energy-efficiency. To address this challenge, several pieces
of research offer different proposals. Empirical findings and
the design hypotheses are the typical starting point to guide
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the design of strategies.Many different approaches andworks
can be found in the literature that offer guidelines to address
the energy waste through behaviour change: 1) Persuasive
Technology, 2) Design for Sustainable Behaviour (DfSB) and
3) Nudging are some of the fields that focus on the improve-
ment of the energy-efficient behaviour. Besides, there are
other tool-kits and proposals that offer guidelines and meth-
ods to face energy efficiency through the human factor. In the
following lines, we highlight the most relevant proposals in
this field according to the authors’ criteria.

1) Fogg [50] defines Persuasive Technology as ‘‘the class
of technologies or interactive computing systems that
are intentionally designed to change a person’s attitude
or behaviour’’. There is a wide amount of literature on
persuasive technology and its review is out of the scope
of this paper. Therefore, we highlight some of the most
significant proposals to better contextualise the field.
According to Fogg, the functional triad is a framework
that illustrates the three roles computing technology
can play: tools, media and social actor. As tools, per-
suasive technologies make users’ activities easier or
more efficient to do, e.g. by performing calculations
or providing guidance that leads users through pro-
cesses in a step-by-step manner. As media, persuasive
technologies provide interactive and engaging experi-
ences. Finally, as social actors, persuasive technologies
attempt to mimic a living entity, e.g. by providing feed-
back or social support. The Persuasive Systems Design
(PSD) [51] discusses the process of designing and eval-
uating persuasive systems and describes which kind of
content and software functionality may be found in the
final product. Persuasive systems are defined as ‘‘com-
puterised software or information systems designed to
reinforce, change or shape attitudes or behaviours or
both without using coercion o deception’’.

2) Design for Sustainable Behaviour (DfSB) [52] is a field
that aims at reducing the environmental impact inter-
vening people’s everyday activities through the design
of interfaces and systems. It takes into account the dif-
ferent impact-types throughout the product (or system)
lifecycle [53]. This field focuses on the system-design
to influence the improvement of human behaviour.
The DfSB covers the main areas of influence on user
decision-making: eco-feedback, which guides change,
behaviour steering, which maintains change and Per-
suasive Technolgy, which ensures change. DfSB, there-
fore, provides a framework for acting in all areas of
influence when designing products and systems that
promote energy efficiency. Michie proposes specific
strategies and techniques for this task, offering a tax-
onomy of techniques applicable to the process outlined
in the DfSB [54]. Besides, in other relevant work,
the author proposes a mapping of behaviour change
techniques to behaviour determinants [55].

3) Following the behavioural economics’ theoretical
approach, a relevant part of the literature has

emphasised Nudging as a method to guide energy-
efficient behaviour [56]. Nudges are strategies to steer
individuals while preserving freedom of choice. The
key concept is to facilitate themost sustainable decision
and make the unwanted choice more difficult, with-
out cutting options and offering choices. Newell and
Siikamäki applied nudges to evaluate the impact of
energy-efficient labelling in the user-decision making
process, finding that economic-related simple informa-
tion was themain element that guided the decision [57].
Ölander and Tøgersen analysed the impact of both
informational and nudging strategies, concluding that
only educational approaches had limited success at
changing behaviour. Besides, the environment-related
choices include some conditions (as the delayed effect
of the choices, the difficulty of these, the poor feed-
back. . . ) that obstructs the decision-making at the cog-
nitive level being necessary behaviour steering tools
and techniques. Therefore, following the authors’ con-
clusion, the researchers and practitioners should ensure
that informing and nudging strategies are applied in a
simultaneous and complementary way [58]. Nudging
has become a key term to encompass techniques that
work through the automatic decision-making system
(for example the setting of defaults as pre-set flows
of an action). Therefore, it should be understood as an
empirical application of behavioural theory, and more
research is needed to define amore elaborated and solid
framework, offering defined and validated guidelines.

Once reviewed the most relevant research fields that tackle
the implementation of the theoretical background presented
above, there are some other relevant works that should
be included. These studies present empirical findings that
guide the design phase and offer complimentary strategies
to develop systems, technologies and interfaces that address
energy efficiency through the human factor. Besides, other
specific tool-kits and frameworks are reviewed to offer a sum-
mary of the most relevant methods and tools. Finally, other
relevant empirical insights are exposed to offer an overview
of papers that cover other types of research work, aiming to
address the plurality of the available methods and points of
view.

• The Behaviour Change Wheel (BWC) [59] is a method-
ology that includes a synthesis of 19 frameworks of
behaviour change. It includes 3 main dimensions of
behaviour, providing a simple framework to contextu-
alise the behaviour. Capability, opportunity and motiva-
tion are presented as 3 key conditions for behavioural
activity. Moreover, sources of behaviours, intervention
functions and policy categories are included to facil-
itate the application across levels from individuals to
groups. This framework has been used to design energy
interventions [60] and as a methodology to guide the
systematic review of the available evidence on inter-
ventions to change behaviour and save energy in the
workplace [61].
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workplace [61].
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• The Theoretical Domain Framework (TDF) [62] pro-
vides a method for conducting a more elaborate
behavioural analysis. The 14 domains of the TDF can
be mapped onto the Capability, Opportunity and Moti-
vation components of BCW. Although this framework
seems very relevant to develop a structured implemen-
tation of behavioural strategies to foster sustainable
behaviour, to the best of our knowledge, it only has been
applied to foster the recycling behaviours [63].

• The Design with Intent method proposes a tool for
influencing user behaviour through different perspec-
tives [64]. This approach is contextualised within the
concept of Persuasive Technology and offers compli-
mentary and specific interventions to this field [65]. The
Design with Intent method includes a tool-kit composed
by a card deck to facilitate the design and implementa-
tion of behaviour change strategies [64]. This method
has been applied to energy efficiency [66] and offers
practical guidance, based on the theoretical background,
that can enhance the design of Behavioural Technolo-
gies. In this context, Morgan et al. [67] used this tool
in their studies to face energy efficiency in a large
organisation.

Finally, to cover the different areas and other research
works in the field, we review the studies that provide empir-
ical findings on how to address the design and development
of Behavioural Technologies.

Lockton et al. exposed the relevance of the DfBS and User-
Centered design as amethodology to allow to develop energy-
efficient systems and products [53]. Kuijer and Jong [68] and
Wever, van Kuijk and Boks also worked in this idea [69].
In a later work, Lockton et al. [70] delve deeply into the
study of the user diversity, proposing three different user
profiles according to the behavioural traits of the individ-
uals. For each profile, the authors suggest strategies and
ideas to develop sustainable behavioural systems, technolo-
gies and products. In this line, Coskun explores user diversity
analysing the dimensions of the users according to the The-
ory of Planned Behaviour [13], [71]. The authors also offer
design ideas, guidelines and recommendations to address the
heterogeneity of human behaviour. Besides, Petkov et al. [11]
and He et al. [7] face user diversity purposing a user
differentiation based on the constructs extracted from dif-
ferent Theoretical Frameworks, as exposed previously,
offering suggestions and recommendations for each user
type.

Morgan et al. explore the role of co-design in a large
organisation through a Living Lab [67]. The authors extract
insights and findings from workshops and develop an ini-
tial prototype to foster energy efficiency in the workplace.
Yun, Aziz and Lasternas [72] explore the online feedback and
control strategies for sustainability in the work environment
and Bao et al. [73], [74], explore the impact of the quanti-
tative and emotional feedback in the displays, finding that
both aspects were relevant to improve the awareness in the
individuals.

Cor and Zwolinski [75] exposed a procedure to select
the intervention strategy on a product or system, offering a
model that can guide the researchers and practitioners in the
development of Behavioural Technologies.

V. TANGIBLE AND DIGITAL SYSTEMS
In a society where the proliferation of electronic devices
leads the rising demand for energy, it seems paradoxical
that the same cause of the problem, that is using even
more electronic devices, could be part of the solution [76].
However, technological advances are enablers to contribute
to a more environmental-friendly energy management [77]
and to optimize the performance of electricity distribution
and consumption [78]. Additionally, they can also to cover
the lack of awareness of the individual about energy-related
matters and its influence on the ecological footprint [79].
Under this context, technology can play an essential
role in the reinforcement of energy efficiency relevance
while increasing awareness through sustainable behaviours
(i.e. monitoring which habits need to be changed and pro-
viding information about the consequences of the energy
use). In this regard Pierce et al. [80] stated that technology
based-solutions should undertake an optimal combination of
measurement systems, a timely delivery of relevant informa-
tion for personal control and the right design of interfaces to
interact with the users.

In this particular, the Internet of Things (IoT) is emerging
as a new paradigm in the ICT sector that aims to build up
a dynamic worldwide infrastructure by connecting a variety
of physical and virtual things [81]. The potential of IoT to
provide appropriate solutions for energy awareness resides
on its ubiquitous services. These services seek to convert
the world in a global network of connected people and
devices, enabling them to interact, collect and exchange data,
make measurements and perform automatic analysis of the
obtained data. Therefore, the pervasive nature of the Internet
of Things can be considered a suitable tool to mediate the
relationship between humans and their motivation towards
energy-efficiency.

In essence, technology for energy-efficiency needs to put
the focus on how data is obtained and how this data can
be analyzed to extract relevant information in order to infer
peoples’ behaviours. These objectives range from the design
of appropriate instruments and electronic devices for energy
measurements (Smart Metering) to the use of advanced tech-
niques for data processing and representation (Data analyt-
ics and Eco-feedback). Furthermore, this process should not
oversee the promotion of technology adoption while achiev-
ing an appropriate user experience at the same time [82].

A. FROM ENERGY CONSUMPTION DATA TO
CONTEXT-AWARE INFORMATION
One of the main requirements to foster energy efficiency
through behaviour change is to initially collect data about the
energy consumption of the users in different contexts. Data
is usually obtained through smart gadgets such as wearables,
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and in particular to the case of energy with smart meters. This
equipment facilitates the communication and data exchange
among the users and the energy supply chain. For this reason,
it provides additional capabilities for demand response tech-
niques, managing the load shifting of the power grind [83].
As a consequence, the deployment of smart meters allows to
monitor consumer usage, adjust prices according to the hour
and season and provide detailed information that helps users
to identify power-saving opportunities.

Regarding the user, the primary purpose of smart metering
techniques is to obtain enough data to illustrate energy habits
in different everyday live contexts, particularly in contexts
where individuals choices and behaviours have a more sig-
nificant impact on the energy consumption [84]. Different
research works have approached smart metering technolo-
gies to monitor electricity usage, presenting architectures for
data acquisition through IoT objects, a combination of these
devices with big data analytic, or ubiquitous sensor-based
systems. In 2016, Spanò el al. [85], presented a customer-
centric architecture for the smart grid infrastructure, embed-
ding smart home applications for energy monitoring in an
IoT platform. Other works combine big data analytics with
intelligent systems designed to provide information to the
utility and the customers [86]. Other approaches allows to
remotelymonitor and control devices to better manage energy
consumption according to user demands [87]. On the basis
that sensorization is not enough to properly develop final
energy-aware services, Terroso-Saen et al. [88] presented an
accurate monitoring and control system for a large variety of
energy-related agents, dealing with energy quality insurance
and support for data analytic. Other approaches address the
challenges for near real-time energy-related data process-
ing towards developing energy management strategies [89].
In this direction, a ubiquitous sensor-based platform for track-
ing user’ relevant actions was introduced by Jahn et al. [90].
Moreover, Al-Turjman et al. reviewed advanced metering
infrastructures for power quality and reliability monitoring,
highlighting IoT-related challenges for providing efficient
control of the current power grids [91].
However, data itself is not enough in order to change

the energy consumption patterns. Additionally, information
needs to be clearly presented in a contextualized way that
helps to associate this information to everyday practices [92].
This involves interacting with the users to show them data
about their energy-related performance and corresponds to
the concept of Eco-feedback [93], [94]. Eco-feedback has the
potential to transform users’ decision-making style from a
habit-driven mode to a deliberate thinking mode [95]. To that
end, two main aspects need to be taken into consideration to
increase the feedback effect: which information is given to
the user and how it is presented.

In this regard, in 2016 an analysis of energy consumption
saving through real-time in-home displays feedback com-
pared two approaches, one in which users learn about the
energy consumption versus a one having a constant nudge
or reminder of energy use [96]. In this work, real-time

information was found more effective in the long term when
introducing the learning factor. Other strategies focus on the
nature of the information, where electricity consumption can
be associated with other factors, such as price visualization.
In this sense, a pricing-based interactive control strategy was
designed [97]. The idea behind this work was to remove
the peak loads on the smart grids and match the energy
supply with demand. By the same token, Nilsson et al. [98]
analyzes the effect of real-time price visualization in overall
household electricity consumption level. The results showed
a load shifting of approximately 5% of the total daily elec-
tricity consumption from peak hours to off-peak hours. Other
visualization strategies rely on showing the consequences of
the energy-related behaviours on the environment [99] and
appealing to the attitudes and determinants of more environ-
mentally friendly behaviour [100].

The way in which feedback is framed must also be care-
fully considered. This corresponds to the visual methods
employed to display energy-related information and feed-
back. In this category, ambient displays and other digital
approaches such as web user interfaces are common visu-
alization interfaces [101]. The visual delivering of energy-
related information has been the subject of study from a
design point of view in which the visual forms that are
used in current research are reviewed [102]. In this work,
Castelly et al. pointed to the adoption of more advanced
visualization and analytic techniques to identify strategic
goals. Another study addressed the key design components
of eco-feedback interfaces and showed that historical com-
parison and incentives-based information worked as engage-
ment tools for these platforms [103]. Visualization interfaces
have also be harnessed to work as a tool to implement
web-based intervention programs [104] and real-time mon-
itoring [105]. Mobile phone applications also stand out as
a suitable medium to provide behaviour-influencing feed-
back [106]. PowerPedia is an illustrative example of an appli-
cation designed to better understand the energy usage metrics
and to identify the energy consumption of different domestic
appliances [107]. Peer-to-peer comparative approach and the
social dimension is another strategy that directly correlates
with existing social media initiatives [108]. In this regard,
Petkov el Al. presented EnergyWiz [109], a mobile appli-
cation that enables comparative feedback supported by a
community where participants can compare themselves with
the rest of the users. More innovative approaches include
enhanced variations, such as an interactive agent to operate
the washing machine by booking time slots in order to mini-
mize the cost of a wash by charging a battery at times when
electricity demand is low [110] and a conversational agent for
energy feedback [111].

Although previous works offer promising insights for
encouraging energy conservation, new visualization plat-
forms need to be studied [112]. For this reason, a wide range
of augmented devices seeks to directly interact with the user
and offer new ways to deliver information [113]. Tangible
visualization through augmented everyday objects emerge
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FIGURE 3. Examples of different augmented objects designed to display energy consumption: a) PowerCord b) InfoPlant c) CairForm d) Watt-i-see
e) The Interactive coaster and f) The energy aware clock. Images ow of their corresponding authors. All images included are the property of their
respective Authors.

as a very illustrative and innovative option to perform this
user-level interaction by reinterpreting the functionality of
a common object. In 2005, Gustafsson et al. presented the
‘Power-Aware Cord’ [114], a re-design of a common elec-
trical power strip modified to displays the amount of energy
passing through it at any moment. The main purpose of this
strategy was to resemble the energy flow and make people
aware of the level of energy needed at a given time. The idea
behind this concept was studied by Backlund et al. [115], who
analyzed how energy-related issues could be made tangible
through form and the different aspects of energy feedback
in objects. Following this path, other works have explored
the possibilities of different attention-catching devices for
energy awareness. Daniel et al. [116] presented a shape-
changing interface using illuminated disks for representing
physical histograms. Likewise, Heller et al. designed a power
socket that visualizes the power consumption directly on the
outlet [117]. In 2010, Broms et al. presented an approach to
display the history of electric consumption through different
patterns [118]. Furthermore, Schrammel et al. introduced a
watch that provides the current status of the power supply
grid [119]. The idea behind this work is to align users’
behaviour with the dynamics of the energy generation and
promoting the time slots where green electricity is available.
Other tangible visualization interfaces can serve to display
which ratio of available energy comes from a green source,

as Quintal et al. illustrated using four glass pipes containing
a coloured vortex and coloured power sockets [120].

Other approaches go even further and use different
metaphors that resemble the environment and increase energy
awareness. This is the case of InfoPlant, a living plant
augmented through technology. This plant was designed to
provide unobtrusive feedback and make users aware of their
electricity usage [121]. Moreover, Hammerschmidt et al.
propose using waterdrops falling sounds to inform about
resources consumption while taking a shower [122].
Common shared places have also been the subject of attention
for this kind of interaction. The workplace stands out as
appropriate places to increase energy awareness and to guide
workers in their routine. With this in mind, Irizar-Arrieta and
Casado-Mansilla proposed a digital interface [123], and in
the context of H2020-GreenSoul project [124] an Interactive
Coaster was designed for office environments. The idea of
this device is to persuade workers to be more aware of
their energy consumption related to the electrical devices
surrounding them in their desktop. Besides of this individual
approach, improving energy efficiency from a general per-
spective via behaviour change in a large organization has
also been addressed. Tho that end several strategies have
been implemented, from measuring shared lab equipment
usage [67] to projecting real-time energy statistics of a fac-
tory in the physical environments [125] and convert work
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equipment into persuasive devices to motivate green
behaviours and raise eco-awareness [126].

To illustrate how everyday objects can be augmented and
enhancedwith new functionalities to foster energy awareness,
figure 3 shows some of the examples mentioned above.

VI. DISCUSSION
As has been observed in this manuscript, there is a common
agreement on the need for taking into account the behavioural
theories when designing energy-related interventions.
However, this presents several shortcomings that deserve
discussion. Firstly, the wide range of models and theories
covers different aspects of the individual (as norms or atti-
tudes). These aspects can be useful depending on the context,
the target behaviour or the user dimension. Nevertheless,
the selection of what theoretical frame to apply in each
occasion can be difficult and complicated. Besides, there are
existing research that only address some constructs of amodel
instead of applying the whole framework. This presents some
problems since the omission of the global framework can
involve a misusing and understanding of the whole model
and causal factors. Secondly, the behavioural models are
theoretically validated, yet they should not be assumed as an
‘‘universal truth’’. Thus, the contextual factors and barriers
should be studied carefully in order to avoid shortcomings
when bring then to the field environments. Finally, due to
the limited amount of research methods and the difficulty of
implement and measure the behaviour change, there is a lack
of solid and triangulated data that supports the effectiveness
of the implementation of behavioural theories.

Another key point that emerges from the development of
this work is the involvement of the ethics in BT. Whereas the
existing research in the field seemed to be ethically adequate,
the usage of behaviour change strategies often involves a
more thorough review of the ethics of each developed system.
The freedom of choice should be allowed, informing the
user and avoiding coercive strategies. This idea is in line
with the difference between behaviour change and awareness.
While behaviour can be a consequence of the high awareness
of the individual, the behaviour change may be generated
through other strategies that might not involve a conscious
decisions-making. This can be achieved through coercive
strategies or not, but the framing of the behaviour should be
placed in second place and always having ethics in mind. The
priority should be to raise the awareness of the individual
informing andmotivating about the decision-making process,
and to support this with other complementary strategies to
facilitate the most sustainable choice. Besides, the lack of
informational strategies can involve negative effects and other
context-related implications.

The complexity of the individuals is another relevant factor
when implementing BT. The literature agrees on the fact
that users have different needs and motivations and on the
importance to face this heterogeneity. Although there are
some studies covering this topic, to the best of our knowledge,
there are no gold standards to address the heterogeneity of

the individuals. There is neither a flexible nor a multi-
dimensional user taxonomy applied to the sustainable
behaviour change. The reviewed works present specific clas-
sifications and design recommendations based on their empir-
ical findings, which presents valuable knowledge. However,
the idea about how to address the user heterogeneity is still
controversial and faced in different ways.

The need for a global approach when addressing sus-
tainable behaviour change is another relevant idea. A wide
range of the corpus reviewed present isolated findings, being
difficult to locate them in the real world, where are a lot of
contextual factors that have an impact on the final result. The
implication of different factors in the behavioural process
presents a hard challenge, and the study of them involves a
difficult work. Nevertheless, more multidisciplinary experi-
ments and studies are needed to find the relation between the
theoretical approaches and the final systems and to find how
they work in the real world.

Even though modern behaviour modelling and recog-
nition approaches offer powerful analysis techniques to
automatically model people’s behaviour and detect poten-
tial behaviour changes, it is a research field that has not
been deeply explored. Most of the behaviour recognition
approaches used to foster energy efficiency has been focused
on applying learned behaviour models to later build energy-
efficient machines which use previous knowledge to adapt
their behaviour to users habits. However, there is still a lot
of work to do on using behaviour modelling and recognition
techniques in the promotion of human behaviour change to
foster energy efficiency.

Moreover, behaviour recognition approaches could offer
a new method for evaluating behaviour change methodolo-
gies to foster energy efficiency using other metrics than the
amount of saved energy, comparing the initial behaviour
of the users with their behaviour after applying behaviour
change methodologies. In some cases, improved action or
behaviour may generate little energy savings over the previ-
ous behaviour. While this may be a limitation, it is important
to bear in mind that these residual savings can be extrap-
olated to other contexts, settings and behaviours. This is
why it is essential to maintain the consistency of the strat-
egy/intervention, even if the quantifiable results are appar-
ently small, given that the impact of energy-saving can grow
exponentially. Besides, although the quantitative data can be
an indicator of the energy savings, other qualitative informa-
tion about the impact on the awareness and behaviour change
can be relevant to find the effectiveness of the decide.

The technology and in particular ubiquitous devices are
the tools in charge of interacting with the user and guiding
their behaviours to more sustainable ones. Therefore, par-
ticular emphasis should be given to increase the attachment
to this new landscape of devices. Ensuring its efficacy may
depend on different factors that focus on user engagement,
technology acceptance, and adoption [127], [128]. Further-
more, the main challenge is to motivate end-users to feel
willing to invest time in the technology upkeep through
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equipment into persuasive devices to motivate green
behaviours and raise eco-awareness [126].

To illustrate how everyday objects can be augmented and
enhancedwith new functionalities to foster energy awareness,
figure 3 shows some of the examples mentioned above.

VI. DISCUSSION
As has been observed in this manuscript, there is a common
agreement on the need for taking into account the behavioural
theories when designing energy-related interventions.
However, this presents several shortcomings that deserve
discussion. Firstly, the wide range of models and theories
covers different aspects of the individual (as norms or atti-
tudes). These aspects can be useful depending on the context,
the target behaviour or the user dimension. Nevertheless,
the selection of what theoretical frame to apply in each
occasion can be difficult and complicated. Besides, there are
existing research that only address some constructs of amodel
instead of applying the whole framework. This presents some
problems since the omission of the global framework can
involve a misusing and understanding of the whole model
and causal factors. Secondly, the behavioural models are
theoretically validated, yet they should not be assumed as an
‘‘universal truth’’. Thus, the contextual factors and barriers
should be studied carefully in order to avoid shortcomings
when bring then to the field environments. Finally, due to
the limited amount of research methods and the difficulty of
implement and measure the behaviour change, there is a lack
of solid and triangulated data that supports the effectiveness
of the implementation of behavioural theories.

Another key point that emerges from the development of
this work is the involvement of the ethics in BT. Whereas the
existing research in the field seemed to be ethically adequate,
the usage of behaviour change strategies often involves a
more thorough review of the ethics of each developed system.
The freedom of choice should be allowed, informing the
user and avoiding coercive strategies. This idea is in line
with the difference between behaviour change and awareness.
While behaviour can be a consequence of the high awareness
of the individual, the behaviour change may be generated
through other strategies that might not involve a conscious
decisions-making. This can be achieved through coercive
strategies or not, but the framing of the behaviour should be
placed in second place and always having ethics in mind. The
priority should be to raise the awareness of the individual
informing andmotivating about the decision-making process,
and to support this with other complementary strategies to
facilitate the most sustainable choice. Besides, the lack of
informational strategies can involve negative effects and other
context-related implications.

The complexity of the individuals is another relevant factor
when implementing BT. The literature agrees on the fact
that users have different needs and motivations and on the
importance to face this heterogeneity. Although there are
some studies covering this topic, to the best of our knowledge,
there are no gold standards to address the heterogeneity of

the individuals. There is neither a flexible nor a multi-
dimensional user taxonomy applied to the sustainable
behaviour change. The reviewed works present specific clas-
sifications and design recommendations based on their empir-
ical findings, which presents valuable knowledge. However,
the idea about how to address the user heterogeneity is still
controversial and faced in different ways.

The need for a global approach when addressing sus-
tainable behaviour change is another relevant idea. A wide
range of the corpus reviewed present isolated findings, being
difficult to locate them in the real world, where are a lot of
contextual factors that have an impact on the final result. The
implication of different factors in the behavioural process
presents a hard challenge, and the study of them involves a
difficult work. Nevertheless, more multidisciplinary experi-
ments and studies are needed to find the relation between the
theoretical approaches and the final systems and to find how
they work in the real world.

Even though modern behaviour modelling and recog-
nition approaches offer powerful analysis techniques to
automatically model people’s behaviour and detect poten-
tial behaviour changes, it is a research field that has not
been deeply explored. Most of the behaviour recognition
approaches used to foster energy efficiency has been focused
on applying learned behaviour models to later build energy-
efficient machines which use previous knowledge to adapt
their behaviour to users habits. However, there is still a lot
of work to do on using behaviour modelling and recognition
techniques in the promotion of human behaviour change to
foster energy efficiency.

Moreover, behaviour recognition approaches could offer
a new method for evaluating behaviour change methodolo-
gies to foster energy efficiency using other metrics than the
amount of saved energy, comparing the initial behaviour
of the users with their behaviour after applying behaviour
change methodologies. In some cases, improved action or
behaviour may generate little energy savings over the previ-
ous behaviour. While this may be a limitation, it is important
to bear in mind that these residual savings can be extrap-
olated to other contexts, settings and behaviours. This is
why it is essential to maintain the consistency of the strat-
egy/intervention, even if the quantifiable results are appar-
ently small, given that the impact of energy-saving can grow
exponentially. Besides, although the quantitative data can be
an indicator of the energy savings, other qualitative informa-
tion about the impact on the awareness and behaviour change
can be relevant to find the effectiveness of the decide.

The technology and in particular ubiquitous devices are
the tools in charge of interacting with the user and guiding
their behaviours to more sustainable ones. Therefore, par-
ticular emphasis should be given to increase the attachment
to this new landscape of devices. Ensuring its efficacy may
depend on different factors that focus on user engagement,
technology acceptance, and adoption [127], [128]. Further-
more, the main challenge is to motivate end-users to feel
willing to invest time in the technology upkeep through
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technology appropriation and ownership while creating an
emotional bond [129], [130]. These aspects become cru-
cial when technology guide users behaviours through the
process of bringing energy awareness of their own every-
day habits. In this sense, Eco-feedback and Smart meter-
ing allows receiving (and sharing) information related to
energy use. These techniques require users to interact with the
energy providers, something that may create more psycho-
logical connections between the utility and the users [131].
However, this connection depends on perceived technology
attributes such as usefulness, cost, privacy risks or the emo-
tional response [132]. Perceived usefulness of technology is
a strong predictor of the adoption intention of technology for
energy usage measurement [133], where the factors influenc-
ing users’ intentions can be measured applying the Theory
of Planned Behavior (TPB) and the Technology Acceptance
Model (TAM) [134]. Moreover, cost becomes an important
variable when expensive devices are needed to obtain real-
time information regarding the quantity and the quality of
the power supply [135]. Privacy concerns arise as a conse-
quence of the growing awareness about the amount of data
collected by the ubiquitous devices and the treatment that
is made of this information. As a consequence, monitoring
technology needs to overcome additional barriers regarding
perceived privacy concerns about the potentially sensitive
personal information [136], [137]. Finally, to boost the effi-
cacy of energy-related interventions, an emotional response is
particularly important to engage users in the long term and to
increase the links between emotions, motivations and users’
sustainable behaviours [73].

The potential of the feedback provided through technol-
ogy is another essential factor to consider. In a conducted
study to measure the potential for demand-side manage-
ment to reduce peak load, Laicane et al. [138] concluded
that the household consumption level decrease only was
able to occur by changing user behaviour. In this case,
the feedback and the information provided in the context of
smart metering was found mainly effective as far as it acts
as a reminder and motivator. For this reason, the authors
put the focus on how to get users’ attention and educate
them to increase customer awareness and participation in
demand management. Accordingly, Bastida et al. [139] anal-
yses the role of the consumers’ behaviour with respect to the
potential of ICT-based interventions to decrease electricity
usage in households. In this work, they addressed motivat-
ing, reinforcing and enabling factors to encourage lasting
behaviours and analysed their impact on the efficacy of ICT
approaches to mitigate CO2 emissions. By the same token,
Buchanan et al. [140] presents a critical analysis of the
effectiveness of the energy-feedback through smart meter
devices and in-home-displays. These findings sustained the
statement that existing display interfaces may not induce the
desired energy-reduction response if new feedback devices
are not designed with user engagement in mind. Three main
problems where addressed: i) the limited evidence of efficacy
in the reviewed works and the difficulty of validating this

results, ii) the need for user engagement to avoid technology
uptake and iii) the potential for unintended consequences
due to a meaningless presentation of the data. These results
reinforce one of the cornerstone ideas that articulate this arti-
cle: innovative feedback mechanisms are needed to actually
engage users taking into account the individual differences
and giving importance to ‘‘the human factor’’ [141], [142].

VII. CONCLUSION
In this section, the most relevant findings are summarised.
In Table 1, we analyse the extracted insights and we propose
future research gaps and lines aiming at offering some guid-
ance in the development of this research area.

A. THEORETICAL FRAMEWORKS FOR SUSTAINABLE
BEHAVIOUR CHANGE
The need to rely on theoretical foundations approaching
the human factor is widely recognised by the research
community. The most relevant findings obtained throughout
this manuscript are exposed below:

• The importance of using behavioural theories as
a guide when developing technologies is commonly
accepted. However, understanding their limitations is
a key point that the researchers and practitioners should
take into account, being contextual factors carefully
analysed. These shortcomings or limitations can be fur-
ther investigated to extract valuable insights to apply to
the upcoming works and studies.

• There is a wide range of valuable and diverse studies
referring to behavioural theories. However, the lack of
validated studies and measurementsmakes it difficult
to ensure the impact and effectiveness of the different
behaviour change frameworks. Besides, it is difficult to
replicate the specific studies due to the lack of system-
atisation and scalability. Thus, it can be difficult to find
validated data and extrapolate those findings. Taking this
into account, future research lines should work in this
line to ensure replicability.

• The different theoretical models or frameworks should
be understood as a global approach. There are some
works that breakdown the frameworks in different parts.
This practise seems to be right isolating the study of one
factor. However, it may present shortcomings in some
contexts as there are confounding and hidden factors
overlooked. Having said that, we argue that isolated
determinants or constructs can be addressed in a specific
way, yet understanding the main framework is a must
in order to contextualise the determinants that are in
relation to others. Therefore, addressing some parts of
the behavioural theories can be adequate, while under-
standing and contextualising the strategy in the global
context of the theory. In this way, the importance of the
relations of the constructs will not be overlooked. The
global approach of the behavioural strategies can be a
future line of research to fill the shortcomings emerged
from the closed and specific perspectives.
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TABLE 1. Summary of the insights obtained from the conducted review containing the current status, found gaps and guidelines for the future lines of
work.

B. BEHAVIOUR RECOGNITION AND MODELLING
TECHNOLOGIES
The following conclusions can be drawn from the current use
of behaviour modelling and recognition techniques applied to
foster energy efficiency through behaviour change:

• Modern behaviour recognition could enrich the way
in which behaviour change researchers could evaluate
their behaviour models and methodologies, allowing
the automated detection of minor changes in user’s
behaviours.

• Even though there are several behaviour recognition
approaches, it has not been made yet a deep analysis
of which approaches are better qualified for this task.

• Although behaviour recognition techniques’ perfor-
mance has drastically improved during the last years,
there are a small number of research works combin-
ing advanced behaviour recognition techniques with
behaviour change approaches. Moreover, the amount
of work focused on behaviour change to foster energy
efficiency is even lower since most of the approaches
goal is to foster energy efficiency through automated
processes.

C. METHODS AND GUIDELINES AND OTHER FINDINGS
The amount of different guidelines and recommendations
makes difficult to decide which strategy has a best fit in
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specific contexts. Thus, following a specific selection criteria
is important to make feasible the process. Besides, the audi-
ence should be studied carefully to adequate the strategies
to the specific target users. Other relevant conclusions are
presented hereafter:

• Taking into account the review done in this work, one
of the main conclusions that emerged is the variety and
large amount of methods, frameworks and findings
that are focused on offering Behaviour Change inter-
ventions. These isolated works are usually implemented
independently and, to the best of our knowledge, is
hard to find studies grouping these works. Hence,
researchers may find it difficult to identify all existing
methodologies that can be applied. For this purpose,
further research on the methodology classification can
be a promising future line of work.

• It remains to be difficult to select the best intervention
strategy to each context albeit we have performed a
thorough review of the body of literature in behaviour
change techniques. One reason (in addition to the many
strategies available) may be the lack of validated and
measured frameworkswhich implies uncertainly when
selecting the one which may have a higher impact.
To cope with this issue, future research can explore
the study and comparison of the different strategies and
methods,measuring their impact to extract validated
data.

• Finally, once reviewed the core corpus of the litera-
ture we highlight the importance of the informational
strategies over another type of interventions. Eco-
feedback technologies have been widely implemented
with interesting results, but as a conclusion we can argue
that there is a raising need to complement the only
informational strategies with other complementary
techniques to target the heterogeneity of the individuals
and to avoid the shortcomings derived from the ‘‘one
size does not fit all’’ approach [7]. Besides, there is a
lack of interventions applied in a global and comple-
mentary manner and addressing the heterogeneity of
people. Future research lines can study the implementa-
tion of interventions addressing the heterogeneity of the
individuals and providing different and complementary
strategies.

D. DIGITAL AND TANGIBLE SYSTEMS
The conclusions that can be derived from the process of
acquiring the data to displaying the information to the user
are provided next:

• Smart grids, demand response management systems and
monitoring platforms are not enough to reduce energy
consumption or to change load shifting if a proper
analysis the energy consumption patterns is not made
beforehand. An improved understanding of how users
interact with the power grid and the influence of Eco-
feedback is needed to develop energy-aware services to
pursue the energy efficiency goal.

• System interfaces need to avoid meaningless repre-
sentations of the data through energy metrics. On the
contrary, information needs to be clearly presented in
a contextualized manner. To increase energy-awareness
more effectively, research should put the focus on the
implications of Eco-feedback presentation methods
and strategies, as long as evaluating the usability of the
interfaces.

• Current trends indicate a shift from traditional feed-
back devices (such as in-home displays) to new inno-
vative ones based on tangible visualization inter-
faces. Redesigning and augmenting everyday objects
to provide a more natural interaction may be the
way to increase the potential of the feedback. Above
all, the design need to overcome barriers regard-
ing the uptake, lack of attachment or the distrust
of technology to actually engage users in the long
term.

To conclude, a few concerns extracted from the research
work are exposed as a final remarks. Whereas there is a
wide amount of literature facing the behavioural aspects of
technologies to raise the energy efficiency, across the present
work we discovered the main shortcomings and gaps that
should be targeted to improve the accuracy and the impact
of them. In addition to the stated specific findings and con-
clusions, there are two main key points that the research
community should take into account. Firstly, the diversity
of behavioural theories and their implementations present
shortcomings due to the specificity of the implementation of a
given model based on a single theory and approach. However,
this presents an interesting research line where the different
theories can be analysed in conjunction, finding common
determinants and relations to map and link the most com-
mon behaviour change theoretical models for sustainable
behaviour, and enriching the isolated approaches. In this way,
the shortcomings of each model can be avoided or minimized
fulfilling the gaps presented by each theory with complemen-
tary theoretical approaches.

The second key point derived from the conclusions is
the need to implement global and cross-cutting strategies
beyond a specific approach. All the reviewed approaches
tackle sustainable behaviour through a mostly rigid or static
strategies. Besides, most of the reviewed works implemented
their strategies through technological devices without com-
plementing or reinforcing these approaches through other
channels. Due to this, the responsibility is, in most cases,
relegated to the autonomous piece of technology, so that
capacity for sustainability falls on it and the user tends to
become left apart. Both physical and digital devices, as well
as recognition and modelling tools, should be part of a
global strategy and should not be dependent on the device.
In addition, people’s needs and the emotional/psychological
aspect of behaviour change must be implemented in tech-
nological systems to develop effective strategies that truly
improves the awareness, attachment and the acquisition of the
responsibility.
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Moderate strength is shown in violence,  
supreme strength is shown in levity.
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A B S T R A C T

Addressing efficient management of energy has become a central objective due to the scarcity of traditional
energy sources and global warming. To cope with this overarching issue, some technological solutions such as
Smart Grids, Internet of Things or Demand response are proposed. However, the majority of them overlooks the
role of human beings in the equation. Moreover, the very nascent body of research combining human and
machine intelligence proposes methods, frameworks, and guidelines which vary depending on the application
scenario complicating the selection of gold-standards to ensure seamless cooperation between smart devices and
people. Hence, the purpose of this paper is to provide a set of design-hypotheses to devise augmented objects that
ally with their users to reduce energy consumption. We expect designers, engineers, makers or even hobbyists in
the intersection between technology-enablers (through IoT) and behavioural scientists to benefit from them. To
this aim, we describe the results of a long-term study in office-based workplaces, where participants were
randomly assigned to different experimental conditions (persuasion, dashboard, and automation) to increase
their energy-efficient behaviour. Grounded Theory analysis was applied over qualitative data collected during
focus group sessions obtaining five themes around a central category. The resulting themes were linked to
design-hypotheses for IoT devices which were then tested through the implementation of a new IoT object also
conceived for the workplace.

1. Introduction

In recent years, the Human-Computer Interaction (HCI) and
Persuasive Technology communities started to increase their attention
to sustainability issues because environmental preservation is strongly
dependent on human behaviour. In this field, a large body of previous
research from the early XXI century has evidenced the value of per-
suasive feedback to foster behaviour change (Gustafsson and
Gyllenswärd, 2005; Pierce and Paulos, 2012; Thieme et al., 2012).
Persuasion for sustainability has its roots in the application of Fogg’s
framework Fogg (2003) for “computers as persuaders” to the topic of
pro-environmental sustainability. Taking the existing context into ac-
count, this paper focuses on a single but widespread environmental
issue, which is to reduce the energy footprint at the workplace, chan-
ging the way employees use private and shared electronic devices by
augmenting them with IoT technologies. This interest is supported by
scientific evidence, according to Brynjarsdóttir et al. (2012) who found

that more than half of the papers they reviewed in their analysis of
persuasive technologies tackled energy-related topics. In the same vein,
DiSalvo et al. (2010) reviewed the body of knowledge on Sustainable
HCI finding different genres overall focused on ambient awareness,
persuasive technology and sustainable interaction design. Similarly,
Pierce and Paulos (2012) stated that energy consumption was the pri-
mary focus on sustainable HCI works after reviewing 51 papers on the
field. More relevant to our research was to understand that the analysis
carried out on this topic revealed that there is a growing interest in
augmenting legacy or new everyday devices with persuasive technology
to help people to form eco-minded behaviours. In Fig. 1 different
augmented objects devised to bring awareness about energy con-
sumption through eco-feedback (i.e. a term coined by
Froehlich et al. (2010) which provides the idea of informing users and
make them reflect over resource waste through ambient feedback) can
be observed (Arroyo et al., 2005; Broms et al., 2010; Casado-Mansilla
et al., 2014; Cowan et al., 2013; Gustafsson and Gyllenswärd, 2005;
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Holstius et al., 2004; Jönsson et al., 2010; Kappel and Grechenig, 2009;
Laschke et al., 2015; Thieme et al., 2012).

Despite this growing interest on smart devices and persuasion for
enhancing pro-environmental behaviour, the variety of possible sus-
tainable actions, the desire or undesired willingness to make them, and
the diversity of users (profiles, traits, interests, beliefs, etc.) make hard
to find in the existing literature a set of comprehensive guidelines tai-
lored for the specific purpose that the designer desires. Furthermore,
scholars on Sustainable HCI field raised their concern about the feasi-
bility of persuasion to maintain the target behaviour throughout the
time (De Young, 1993; Knowles et al., 2014). A more recent review of
the literature did also not found enough evidence to support the hy-
pothesis that feedback through digital technology leads to lasting be-
haviour change (whereas, it found after reviewing 72 studies that
feedback through digital technology has the potential to disrupt un-
desired habits) Hermsen et al. (2016). In conclusion, with exceptions,
the majority of the studies do not last more than one month and,
therefore, is still difficult to evaluate the real impact of ICT-based
persuasion on behaviour change throughout the time.

Taking these open issues into account, this piece of research seeks to
offer an ensemble of design-hypotheses that researchers on the area of
sustainability, and specifically in energy awareness through IoT, might
follow when approaching the design of persuasive systems. With this
purpose, we conducted an empirical intervention instrumenting with
sensing technology several capsule-based coffee machines in different
work environments for more than one year. Three experimental con-
ditions were evaluated which entailed leveraging various features on
the appliances: (i) persuasive feedback; (ii) energy monitoring through
a dashboard; and (iii) automated operation to avoid forgetfulness. After
analysing the quantitative and qualitative data gathered from experi-
ments and focus groups with the participants of the study, we are able
to provide cues on how to transform the design recommendations into a
real IoT device also conceived for office-based workplaces.

2. Related work

The selection criteria of the body of research reviewed was based on
the idea that the targeted works should have presented a physical object
aiming to promote sustainable behaviour change either by using aes-
thetics, ambient feedback, or tangible interaction. Besides, the works
should have explicitly stated that their approaches contribute to the
Internet of Things, Ubiquitous computing (UbiComp) or Pervasive
computing fields. Furthermore, the studies where the physical inter-
active objects were conceived for the work environment were preferred

over those more oriented to private settings. However, in some cases,
these were complemented with devices designed for other use contexts.

Power-aware Cord is an electrical power-strip in which the cord was
augmented to expose the electricity being consumed in real-time
through ambient light. The bigger the energy drawn by the power-strip
plug, the brighter the cord is (Gustafsson and Gyllenswärd, 2005). In
this work, the light is used emotionally and qualitatively, aiming at
symbolising the energy in a more understandable way than the abstract
information that offers the raw energy data (e.g. kWh). Very similar to
the Power-aware cord, Quintal et al. (2017) devised a common two
spots type F wall socket redesigned with two main goals: to process
consumption data by using a microcontroller and to provide the cap-
ability to display just-in-time visual information (through the ambient
LED’s built-in on the socket that changed from green to red by com-
paring the real-time consumption with a baseline for the device it is
connected to). Waterbot is another device that provides ambient feed-
back about water usage in a kitchen’s sink through visual and auditory
reminders (Arroyo et al., 2005). While using ambient light to offer vi-
sual reminders, it also uses the sound as an eco-feedback technique to
motivate the water saving. Similarly, ’Show-me’ displays the amount of
water that is being used during the shower through an LED strip as-
sembled to the shower’s stick (Kappel and Grechenig, 2009). These
three ambient displays apply ambient light to visualise the impact of
some common misbehaviour in the use of basic resources such as
electricity and water metaphorically.

Stroppy Kettle is an augmented appliance that aimed to break the
user’s kettle overfill behaviour applying barriers to goal-attainment and
punishment. This approach is based on the idea that rational informa-
tion is not enough to change the desired behaviour. The barrier is ap-
plied to only who performs the negative behaviour (Cowan et al.,
2013). Besides, the punishment as a behaviour change strategy is also
remarkable through the creation of a barrier to habit execution.

Watt-lite Jönsson et al. (2010) and Energy-Aware clock
Broms et al. (2010) are two works that aim to explore tangible data and
non-obtrusive interaction to reduce energy consumption. Both works
implement displays through playful interactions and visualisations to
engage the users and let them explore the energy-related data to im-
prove the understanding of the energy. Although these works do not
address behaviour change as a principal objective, they are intended to
reach the awareness and the motivation of the individuals in a social
context (e.g. families or workplaces). Social-coffee maker (Casado-
Mansilla et al., 2014) applies social norm strategies to improve the
awareness of employees in shared spaces, increasing the motivation
through the influence of the group and peer pressure. The coffee maker
published tweets whenever someone left it switched on after preparing
a coffee as well as it tweeted its daily energy consumption in order to be
tracked by its followers on the Social Network. Thieme et al. (2012)
devised BinCam, a social persuasive rubbish-bin with a built-in camera
to motivate tenants to adopt recycling habits and reduce food waste.
This work also applies social influence to foster awareness through
behaviour change. Besides, it uses a Social Media network to provide
social pressure, punishing the individuals who performed the adverse
action through the publication of their bad habit in the site. Interactive
living plants were designed by Holstius et al. (2004). The authors cre-
ated a robotic analog of a plant that mimics photo-tropic behaviour,
combining living organisms and technology. These plants were used to
display information as they do in their natural context, implementing
emotional and qualitative information in the interface and improving
the impact of the display in the individual’s awareness through intuitive
and organic interactions and visualisations. Also using tangible inter-
actions through shaping memory alloys, Laschke et al. (2015) created
The Never Hungry Caterpillar, a device aimed at avoiding energy waste
from keeping TVs, screens and similar electronics products in standby
mode unconsciously. The Caterpillar is a power socket that mimics a
living animal that is connected to the device. When using the devices
typically, it moves smoothly, as if it was breathing. However, whenever

Fig. 1. Persuasive IoT objects found in the literature which were designed for
promoting sustainable behaviour change through tangible or ambient interac-
tion.
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Holstius et al., 2004; Jönsson et al., 2010; Kappel and Grechenig, 2009;
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the diversity of users (profiles, traits, interests, beliefs, etc.) make hard
to find in the existing literature a set of comprehensive guidelines tai-
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scholars on Sustainable HCI field raised their concern about the feasi-
bility of persuasion to maintain the target behaviour throughout the
time (De Young, 1993; Knowles et al., 2014). A more recent review of
the literature did also not found enough evidence to support the hy-
pothesis that feedback through digital technology leads to lasting be-
haviour change (whereas, it found after reviewing 72 studies that
feedback through digital technology has the potential to disrupt un-
desired habits) Hermsen et al. (2016). In conclusion, with exceptions,
the majority of the studies do not last more than one month and,
therefore, is still difficult to evaluate the real impact of ICT-based
persuasion on behaviour change throughout the time.

Taking these open issues into account, this piece of research seeks to
offer an ensemble of design-hypotheses that researchers on the area of
sustainability, and specifically in energy awareness through IoT, might
follow when approaching the design of persuasive systems. With this
purpose, we conducted an empirical intervention instrumenting with
sensing technology several capsule-based coffee machines in different
work environments for more than one year. Three experimental con-
ditions were evaluated which entailed leveraging various features on
the appliances: (i) persuasive feedback; (ii) energy monitoring through
a dashboard; and (iii) automated operation to avoid forgetfulness. After
analysing the quantitative and qualitative data gathered from experi-
ments and focus groups with the participants of the study, we are able
to provide cues on how to transform the design recommendations into a
real IoT device also conceived for office-based workplaces.

2. Related work

The selection criteria of the body of research reviewed was based on
the idea that the targeted works should have presented a physical object
aiming to promote sustainable behaviour change either by using aes-
thetics, ambient feedback, or tangible interaction. Besides, the works
should have explicitly stated that their approaches contribute to the
Internet of Things, Ubiquitous computing (UbiComp) or Pervasive
computing fields. Furthermore, the studies where the physical inter-
active objects were conceived for the work environment were preferred

over those more oriented to private settings. However, in some cases,
these were complemented with devices designed for other use contexts.

Power-aware Cord is an electrical power-strip in which the cord was
augmented to expose the electricity being consumed in real-time
through ambient light. The bigger the energy drawn by the power-strip
plug, the brighter the cord is (Gustafsson and Gyllenswärd, 2005). In
this work, the light is used emotionally and qualitatively, aiming at
symbolising the energy in a more understandable way than the abstract
information that offers the raw energy data (e.g. kWh). Very similar to
the Power-aware cord, Quintal et al. (2017) devised a common two
spots type F wall socket redesigned with two main goals: to process
consumption data by using a microcontroller and to provide the cap-
ability to display just-in-time visual information (through the ambient
LED’s built-in on the socket that changed from green to red by com-
paring the real-time consumption with a baseline for the device it is
connected to). Waterbot is another device that provides ambient feed-
back about water usage in a kitchen’s sink through visual and auditory
reminders (Arroyo et al., 2005). While using ambient light to offer vi-
sual reminders, it also uses the sound as an eco-feedback technique to
motivate the water saving. Similarly, ’Show-me’ displays the amount of
water that is being used during the shower through an LED strip as-
sembled to the shower’s stick (Kappel and Grechenig, 2009). These
three ambient displays apply ambient light to visualise the impact of
some common misbehaviour in the use of basic resources such as
electricity and water metaphorically.

Stroppy Kettle is an augmented appliance that aimed to break the
user’s kettle overfill behaviour applying barriers to goal-attainment and
punishment. This approach is based on the idea that rational informa-
tion is not enough to change the desired behaviour. The barrier is ap-
plied to only who performs the negative behaviour (Cowan et al.,
2013). Besides, the punishment as a behaviour change strategy is also
remarkable through the creation of a barrier to habit execution.

Watt-lite Jönsson et al. (2010) and Energy-Aware clock
Broms et al. (2010) are two works that aim to explore tangible data and
non-obtrusive interaction to reduce energy consumption. Both works
implement displays through playful interactions and visualisations to
engage the users and let them explore the energy-related data to im-
prove the understanding of the energy. Although these works do not
address behaviour change as a principal objective, they are intended to
reach the awareness and the motivation of the individuals in a social
context (e.g. families or workplaces). Social-coffee maker (Casado-
Mansilla et al., 2014) applies social norm strategies to improve the
awareness of employees in shared spaces, increasing the motivation
through the influence of the group and peer pressure. The coffee maker
published tweets whenever someone left it switched on after preparing
a coffee as well as it tweeted its daily energy consumption in order to be
tracked by its followers on the Social Network. Thieme et al. (2012)
devised BinCam, a social persuasive rubbish-bin with a built-in camera
to motivate tenants to adopt recycling habits and reduce food waste.
This work also applies social influence to foster awareness through
behaviour change. Besides, it uses a Social Media network to provide
social pressure, punishing the individuals who performed the adverse
action through the publication of their bad habit in the site. Interactive
living plants were designed by Holstius et al. (2004). The authors cre-
ated a robotic analog of a plant that mimics photo-tropic behaviour,
combining living organisms and technology. These plants were used to
display information as they do in their natural context, implementing
emotional and qualitative information in the interface and improving
the impact of the display in the individual’s awareness through intuitive
and organic interactions and visualisations. Also using tangible inter-
actions through shaping memory alloys, Laschke et al. (2015) created
The Never Hungry Caterpillar, a device aimed at avoiding energy waste
from keeping TVs, screens and similar electronics products in standby
mode unconsciously. The Caterpillar is a power socket that mimics a
living animal that is connected to the device. When using the devices
typically, it moves smoothly, as if it was breathing. However, whenever

Fig. 1. Persuasive IoT objects found in the literature which were designed for
promoting sustainable behaviour change through tangible or ambient interac-
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the device is put in standby mode, the device starts to twist in awkward
ways as if it was on pain and the only way of overcoming that “pain” is
by switching the device off completely.

There are also some products commercially available in this area.
Wattson1 from DIY Kyoto shows the overall electricity use in numbers
and colours. This energy monitor captures real-time information of the
energy consumption displaying it in different metrics, both quantitative
(kWh and economic value) and qualitative (glows in colours depending
on the quantity of electricity used). Another product that can be found
in the market is the Ambient Orb.2 It is a frosted-glass ball that illu-
minates a varying degree of colours to represent critical peak demand
conditions on the smart grid. Finally, the Nest Thermostat3 is an in-
telligent device that aims to learn the user’s heating and cooling habits
to help optimise scheduling and power usage. The machines reward the

users with a Leaf if they set up the temperature according to the Nest
recommendations to save energy. Although the temperature can be set
by automated processes, the rewards offer a motivational approach
addressed to the user, aiming at improving the desired behaviour and
motivating the user to maintain the sustainable habit.

The majority of the works reviewed devised everyday things taking
into account the emotional bond that final users may create with the
object or the objective that these pursue. Besides, the behavioural ap-
proach is mainly focused on the improvement of the ease of use, being
the barriers and obtrusiveness significantly less applied (e.g. stroppy
kettle). Furthermore, existing research mainly targets individual
awareness rather than groups. It promotes an easy and intuitive positive
use of smart objects to facilitate the interaction to adopt or maintain the
targeted behaviour. Besides, there is a unanimity of works that decided
to apply the central or direct route of persuasion for providing nudges
instead of the peripheral one (Cialdini, 1993). It means that the body of
research aims at making people reflect on their actions rather than
nudging them to do actions subtlety (e.g. using emotions as triggers or
subliminal priming). Finally, most of the works were only tested during
short periods with exceptions on the context of the household. Sus-
tainable HCI field demands more long term results to examine ICT-
based persuasion results over longer periods as some voices raised their
concern about the feasibility of persuasion to maintain the target be-
haviour throughout the time (De Young, 1993; Knowles et al., 2014).

3. Long-term study

We carried out an experimental intervention of one year designed to
test the effectiveness of persuasive techniques to raise energy efficiency
awareness in the mid and long-term in office environments. To this aim,
we designed a between-group field study related to the use of electrical
coffee machines separated into two phases: baseline creation and pi-
loting. In the former stage, we calculated the energy consumption
baseline of the coffee maker. In the latter stage, we continued mon-

itoring energy consumption. Still, we introduced three different ex-
perimental conditions linked to the appliances to cope with energy
inefficiency: Persuasion, Web-based dashboards, and automation.

3.1. Initial setup and baseline creation

In general terms, we embedded energy measurement equipment
within the electrical capsule-based coffee machines of fifteen different
workplaces distributed between two big cities of Spain (Madrid,
Bilbao). Specifically, the tracking and monitoring of energy were done
by embedding in each coffee maker an Ethernet-based Arduino board
with an energy meter that was able to send the consumption data to an
own remote server (Casado-Mansilla et al., 2016) (see Figure 3.1).

The energy consumption data flow from the Arduino micro-
controller to the remote server where the data was stored for future
processing and analysis.

The reasons why we selected coffee machines for the field study
were: 1) they are pretty common in work environments and are an
element of shared use; 2) they consume large amounts of energy
compared to other work appliances such as monitors or laptops (A re-
port on appliances’ consumption holds that some models of coffee
machines can exceed the electricity consumption of A-class ovens or
A++ refrigerators along the year because of continuous pump pressure
maintaining and water heating (Nipkow et al., 2011)). More than one
hundred people were recruited from the different fifteen work-offices
that participated in the long-term study. They were all recruited fol-
lowing a snowball procedure, and their participation was voluntary (we
raffled an energy monitoring system among participants who com-
pleted the whole study).

During the initial set-up of the experiment to calculate the energy
baseline, five out of the recruited fifteen groups dropped out the long-
term study before its completion.4 Having evaluated the impact of this
dropout rate on the validity of the experimental results according
to Slack et al. (2001), we decided to carry on with the remaining ten
groups (N = 90) which are described in Table 1.

In order to help with the understanding of the different participants’
profiles, in Appendix A we describe the groups and some of their main
characteristics.

3.2. Between-groups intervention

As have been observed in Table 1, the random assignment of the
experimental conditions among the ten workplaces remained as fol-
lows: 1) Persuasive feedback (4 workplaces): a combination of real-time
ambient feedback and subtle visual hints to support the user’s decision-
making about when to switch off the appliance; 2) Energy-dashboard (3

1 http://www.diykyoto.com/ .
2 http://www.ambientdevices.com/about/consumer-devices .
3 https://nest.com/thermostats/nest-learning-thermostat/overview/ .

4 The main reasons for attrition during this experimental phase were: 1) some
groups changed or ended their business activity during the piloting; 2) other
groups changed from capsule-based coffee maker to filter-based appliances
being the researchers unable to track individual usage of the coffee machines;
finally 3) whereas we raffled an energy monitoring system some work-groups
decided voluntarily to not follow up with the experiment - recall that no pe-
cuniary rewards were given.
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workplaces): participants were provided with a Web site to track their
energy consumption associated to the appliance (i.e. self-monitoring
and rational information through comparisons with historical energy
data); and 3) Automation (3 workplaces): coffee makers were modified
to autonomously switch the appliances off whenever they were not in
use (i.e. the rationale behind automation was providing a sense of
comfort to the users relieving them from the task of switching the ap-
pliance on and off). The three experimental conditions are depicted in
Fig. 2. As the persuasion condition holds the hypothesis of this study, it

has been represented in Fig. 3 for a better understanding of its opera-
tion.

It is important to emphasise that both persuasive feedback and
automation rely on an underlying ARIMA model, which is a statistical
method for time series forecasting. Thus, the smart coffee makers were
able to predict the number of users that were about to use the coffee
maker in 1-hour slots during the day (Ventura et al., 2014). With this
information, in the persuasive condition, the appliance suggested users
operate the on-off button (e.g. Fig. 3), while in the automation condi-
tion, the appliance switches on or off deliberately without human in-
tervention to minimise the energy waste.

3.3. Quantitative results

At the end of the study, it was demonstrated quantitatively that the
IoT-based Persuasive treatment helped to save most energy than the
other two treatments (Mansilla, 2016). Specifically, we found that the
IoT-based Persuasive treatment helped to save most energy than the
other two treatments reducing the energy waste by 44.53%. The Au-
tomation treatment also helped to reduce energy waste by 14.19%.
Finally, the Dashboard approach did not lead to a reduction of energy
waste remaining with a similar percentage as the beginning of the ex-
periment. For the sake of better understanding, we refer to “save en-
ergy” to the fact that the coffee makers diminished the quantity of
wasted energy due to the generalised abuse of standby mode on these
appliances (i.e. substantially reducing the time that a coffee machine is
switched on but is not preparing coffee). This amount of energy is not
negligible since the coffee makers are periodically maintaining the
pressure pump ready to be used or heating the water for the next coffee
cup.

Because of this finding, we wanted to grasp detailed qualitative
information from users to understand the causes of the persuasive in-
tervention being more effective than automation or dashboard.

3.4. Qualitative analysis

While science has a strong reliance on quantitative and experi-
mental methods, there are many complex, socially-based phenomena in
HCI that cannot be easily quantified or experimentally manipulated.
Within HCI, there is the recognition that the focus on tasks is not en-
ough to design and implement an effective system. Therefore, identi-
fying users’ emotional and social drives and perspectives; their moti-
vations, expectations, trust, identity, social norms, and so on are
paramount for creating more than ‘just appealing’ designs
(Adams et al., 2008). Hence, at the end of the between-group study (i.e.
when the experimental conditions were removed from all workplaces),
we ran several focus group sessions with participants who volunteered
to join the dynamics from each of the study-groups of Table 1 according
to Merton et al.’s. guidelines Merton et al. (1990). We managed to have
‘at least’ one representative from each of the ten remaining groups.
Audio data from each session were recorded and manually transcribed
for further analysis through Grounded Theory (GT) (Charmaz, 2006). In
the following, we describe what GT is and how we applied this meth-
odology to the data obtained from groups who interacted with the
coffee-makers augmented with IoT-based persuasive systems to extract
design-insights that help to inform the design for similar everyday in-
telligent devices created in the future. Following the specifications

Table 1
The column’s name refer to: name of the groups that participated in the study,
the city (BIO - Bilbao or MAD - Madrid), the treatment they were assigned to,
the type of work which is performed within these groups, the number of users of
the coffee-maker in each space and the average age of them.

Treatment
assigned

Type of workplace Participants &
average age

Bailen (BIO) Persuasion Coworking 8 (33)
Comunica (BIO) Automation Administrative 8 (35)

services
Computing (BIO) Dashboard Tech. Research 4 (28)

group
IEEC (MAD) Dashboard Tech. Research 4 (42)

group
Life (BIO) Automation Tech. Research 12 (28)

group
Mobility (BIO) Persuasion Tech. Research 15 (28)

group
MORElab (BIO) Automation Tech. Research 9 (28)

group
ServGen (BIO) Dashboard Administrative 3 (43)

services
Techabout (BIO) Persuasion Tech-based SME 4 (33)
Tecnilogica

(MAD)
Persuasion Tech-based SME 23 (38)

TOTAL 90

Fig. 2. The three different experimental treatments that were randomly as-
signed to the participating groups.

Fig. 3. The persuasive coffee makers provided just-in-time visual cues to help
users in energy efficiency decision-making. On the first image, a user ap-
proaches its finger to switch off the device. In the second and third pictures, the
augmented appliance detects the motion close to the button and informs the
user to not switch it off by activating a built-in visual alert. As can be observed
in the first picture of Fig. 2, the subtle message to prevent the operation of the
appliance is “Please, leave me on”.

Fig. 4. The different phases of applying Grounded Theory over qualitative data
coming from all three experimental conditions.
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workplaces): participants were provided with a Web site to track their
energy consumption associated to the appliance (i.e. self-monitoring
and rational information through comparisons with historical energy
data); and 3) Automation (3 workplaces): coffee makers were modified
to autonomously switch the appliances off whenever they were not in
use (i.e. the rationale behind automation was providing a sense of
comfort to the users relieving them from the task of switching the ap-
pliance on and off). The three experimental conditions are depicted in
Fig. 2. As the persuasion condition holds the hypothesis of this study, it

has been represented in Fig. 3 for a better understanding of its opera-
tion.

It is important to emphasise that both persuasive feedback and
automation rely on an underlying ARIMA model, which is a statistical
method for time series forecasting. Thus, the smart coffee makers were
able to predict the number of users that were about to use the coffee
maker in 1-hour slots during the day (Ventura et al., 2014). With this
information, in the persuasive condition, the appliance suggested users
operate the on-off button (e.g. Fig. 3), while in the automation condi-
tion, the appliance switches on or off deliberately without human in-
tervention to minimise the energy waste.

3.3. Quantitative results

At the end of the study, it was demonstrated quantitatively that the
IoT-based Persuasive treatment helped to save most energy than the
other two treatments (Mansilla, 2016). Specifically, we found that the
IoT-based Persuasive treatment helped to save most energy than the
other two treatments reducing the energy waste by 44.53%. The Au-
tomation treatment also helped to reduce energy waste by 14.19%.
Finally, the Dashboard approach did not lead to a reduction of energy
waste remaining with a similar percentage as the beginning of the ex-
periment. For the sake of better understanding, we refer to “save en-
ergy” to the fact that the coffee makers diminished the quantity of
wasted energy due to the generalised abuse of standby mode on these
appliances (i.e. substantially reducing the time that a coffee machine is
switched on but is not preparing coffee). This amount of energy is not
negligible since the coffee makers are periodically maintaining the
pressure pump ready to be used or heating the water for the next coffee
cup.

Because of this finding, we wanted to grasp detailed qualitative
information from users to understand the causes of the persuasive in-
tervention being more effective than automation or dashboard.

3.4. Qualitative analysis

While science has a strong reliance on quantitative and experi-
mental methods, there are many complex, socially-based phenomena in
HCI that cannot be easily quantified or experimentally manipulated.
Within HCI, there is the recognition that the focus on tasks is not en-
ough to design and implement an effective system. Therefore, identi-
fying users’ emotional and social drives and perspectives; their moti-
vations, expectations, trust, identity, social norms, and so on are
paramount for creating more than ‘just appealing’ designs
(Adams et al., 2008). Hence, at the end of the between-group study (i.e.
when the experimental conditions were removed from all workplaces),
we ran several focus group sessions with participants who volunteered
to join the dynamics from each of the study-groups of Table 1 according
to Merton et al.’s. guidelines Merton et al. (1990). We managed to have
‘at least’ one representative from each of the ten remaining groups.
Audio data from each session were recorded and manually transcribed
for further analysis through Grounded Theory (GT) (Charmaz, 2006). In
the following, we describe what GT is and how we applied this meth-
odology to the data obtained from groups who interacted with the
coffee-makers augmented with IoT-based persuasive systems to extract
design-insights that help to inform the design for similar everyday in-
telligent devices created in the future. Following the specifications

Table 1
The column’s name refer to: name of the groups that participated in the study,
the city (BIO - Bilbao or MAD - Madrid), the treatment they were assigned to,
the type of work which is performed within these groups, the number of users of
the coffee-maker in each space and the average age of them.

Treatment
assigned

Type of workplace Participants &
average age

Bailen (BIO) Persuasion Coworking 8 (33)
Comunica (BIO) Automation Administrative 8 (35)

services
Computing (BIO) Dashboard Tech. Research 4 (28)

group
IEEC (MAD) Dashboard Tech. Research 4 (42)

group
Life (BIO) Automation Tech. Research 12 (28)

group
Mobility (BIO) Persuasion Tech. Research 15 (28)

group
MORElab (BIO) Automation Tech. Research 9 (28)

group
ServGen (BIO) Dashboard Administrative 3 (43)

services
Techabout (BIO) Persuasion Tech-based SME 4 (33)
Tecnilogica

(MAD)
Persuasion Tech-based SME 23 (38)

TOTAL 90

Fig. 2. The three different experimental treatments that were randomly as-
signed to the participating groups.

Fig. 3. The persuasive coffee makers provided just-in-time visual cues to help
users in energy efficiency decision-making. On the first image, a user ap-
proaches its finger to switch off the device. In the second and third pictures, the
augmented appliance detects the motion close to the button and informs the
user to not switch it off by activating a built-in visual alert. As can be observed
in the first picture of Fig. 2, the subtle message to prevent the operation of the
appliance is “Please, leave me on”.

Fig. 4. The different phases of applying Grounded Theory over qualitative data
coming from all three experimental conditions.
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exposed by Hekler et al. (2013) about the epistemic status of design
guidelines, and due to the limited amount of empirical data, in this
work, the guidelines derived from the study will be named as “design
hypotheses”, which will need further validation.

3.4.1. Grounded theory-based approach
According to Charmaz and Belgrave (2007), GT is an established

method for studying qualitative information where codes are generated
from the data rather than relying on pre-existing categories. Thus, it can
be considered as an inductive method. It includes Open, Axial, and
Selective Coding as phases to generate a new theory, as can be observed
in Fig. 4. We applied this methodology to analyse the qualitative data
extracted from the focus group sessions to produce design insights for
creating augmented persuasive IoT devices that promote energy effi-
ciency practices taking into account the social phenomena of the
workplace context.

There are other methods with a recognised reputation in HCI for
analysing qualitative data, such as Content
Analysis Kabicher et al. (2008) or Thematic Analysis Brown and
Stockman (2013). We selected GT because this methodology allows us
to construct theories, concepts, hypotheses and propositions starting
directly from the data and not from the a priori assumptions, from other
investigations, or existing theoretical frameworks.

The purpose of the GT’s Open Coding phase after transcribing the
qualitative data is to identify entities, to group them into categories,
and to describe relevant properties and dimensions pertaining to a ca-
tegory. The codes are extracted iteratively from the data in the process
of analysis. Then, Axial Coding identifies relationships between initial
categories as well as conditions, context variables, and resulting con-
sequences. Finally, Selective Coding focuses on deliberately setting a
focus on the analysis. Thus, core-category is selected. As suggested by
Armstrong et al. (1997), inter-rater reliability of the extraction of the
codes and grouping them into categories was assessed by two re-
searchers along the whole process of the GT analysis.

In the Open coding phase, 132 unitary codes were extracted.
Attributes such as frequency, target, intensity or duration were anno-
tated together with each of the emerging codes (some samples of the
codes extraction can be observed in Table B.3 in Appendix B of this
paper.) These samples provide an example of the quotes and the codi-
fication process we carried on.

Following the constant comparative method (Charmaz, 2006), a
saturation of codes and categories were reached in the Axial phase,

according to the two researchers. At this stage, five categories emerged
from the initial codes: 1) interaction, 2) mediator|emotion, 3) attach-
ment|confidence, 4) context, and 5) behaviour. As an example, Table 2
shows the codes from the people who interacted with the IoT-based
persuasive appliance that emerged during the Open and Axial phases as
well as the thematic categories in which these were grouped.

Finally, the purpose of the Selective coding phase is to define the
central category as the catalyst for the thematic categories. We eluci-
dated that the central theme of the theory was the relationship between
the people (employees) and the augmented IoT-based appliance to cope
with energy inefficiency jointly. This central theme encompasses the
other five axial categories, as can be observed in the diagram of Fig. 5.

According to Charmaz (2006), the diagram is devised to organise
the nascent theory and to see the relative power, scope, and direction of
the categories in the analysis as well as the connections among them for
linear narrative purposes. Therefore, the diagram should not be un-
derstood as a predictive or causal model that is mandatory to be fol-
lowed to succeed in creating new IoT systems. What the incipient
theory aims to bring attention is that for ‘Behaviour’ change to occur
(final theme) by means of ‘Interacting’ with IoT objects (initial theme),
categories such as (Mediator|Emotion), (Attachment|Confidence) and
Use-context shall be taken into account when designing IoT-based
persuasive systems. Thus, IoT augmented Things in the workplace
context should provoke certain emotions to users, mediate between
conversations among human beings, create a sense of attachment to
them, and generate confidence to bring pro-environmental awareness
or effectively change the behaviour. Furthermore, not all the paths
interlinking the categories have to be pierced. In fact, those connections
between themes that we considered non-compulsory have been de-
picted with a dashed lines.5

4. User perception-based design hypotheses

As mentioned before, we applied the GT to the data obtained from

Table 2
Set of unitary codes along their axial categories extracted from people who interacted with the IoT-based persuasive coffee-maker.

Interaction Attachment / Confidence Mediator / Emotion Context Behaviour

Automation Similarity Group Awareness Extrapolate behaviour Acceptance
Satisfaction Adherence Generate discussion Export to other devices Adaptation
Understandable Pleasure Elicits Interest Hawthorne effect Pro-environmental self-perception
Comfort elicits awareness Trust Group inefficiency (−) Private vs. Public setting Aware of B. change
Comfort elicits efficiency Dependency (−) Media equation Patterns Group awareness
Comfort elicits inefficiency (−) Disregard (−) Proudness Mirror effect Comfort elicits awareness
Misunderstanding (−) Expandable behaviour Social-proof Sense of control elicits efficiency
Disgruntlement (−) Non-expandable B. (−) Behaviour at home Comfort elicits inefficiency (−)
Subject-expectancy effect (−) Preservation Consistency (−)
Efficacy vs. Efficiency Proudness Dependency (−)
Efficacy Acceptance Durability
Aesthetics Transparency Efficacy vs. Efficiency
Inefficiency (−) Incomprehension (−)
Intelligent system Learned helplessness (−)
Playfulness Group inefficiency (−)
Data to take decisions (−) Scale Consumption
Need of insightful data (−) Low durability (−)
Different HCI model (−) Obsolescence
Personal vs Group data Patterns
Tailoring Tailoring
Nudges Unaware of behaviour change (−)
Useful

5 We considered Emotion|Mediator and Confidence|Attachment as non-com-
pulsory themes because we were unable to guarantee according to our analysis
whether these themes that shared unitary codes could be merged or separated
in sole categories as Interaction, Use-context or Behaviour. Further qualitative
investigation through constant comparison and theoretical sampling (methods
proposed by Glaser and Strauss (2017)) should be carried out to decide on the
unification or separation of these emerging themes.
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groups who interacted with the coffee-makers augmented with IoT-
based persuasive systems to extract design-insights that help to inform
the design for similar everyday intelligent devices in the future. Several
quotes for all the conditions were gathered. Still, for this paper, only
relevant quotes from participants that interacted with the persuasive
IoT-based coffee maker are reported in this section regarding each of
the five/seven emerging themes. These quotes are jointly offered with a
discussion over the implications that the themes have for the design of
augmented objects that promote sustainable behaviour, offering design-
hypotheses in order to facilitate the implementation of the exposed
ideas for future designs.

4.1. Interaction

This category covered one of the most recurrent topics in the focus
group sessions, and it captured the majority of unitary codes in the GT
analysis, as can be observed in the first column of Table 2. Notably, we
received positive and pleasant feedback when participants evaluated
the interaction with the Interactive coffee maker. “What did serve us
well, were the red LEDs on the periphery of the coffee-maker to make us to
the idea of how we were going” or “I think the visual feedback from the
device has also given us clues as to how to go about doing it.” In the referred
table, the reader can also observe negative symbols between brackets
when feedback was considered unfavourable. For instance, “there were
times when it turned red too quickly ... we think it turns red very fast for the
coffee we drink ... that will be 4–6 coffees a day ... and then it is red”.
However, constructive criticism to improve the proposed design was
provided by some people, P1: “I lacked some audible eco-feedback when I
put my mug on the appliance. Something like the NFC/RFID-based readers
that one can find in the turnstile of the Metro stations that give you feedback
about your pass checking”. Surprisingly, some participants that inter-
acted with the persuasive IoT appliance missed some of the aspects that
were implemented in other experimental treatments, P2: “I would like to
have a Web-dashboard where I could track my kWh”. The overall con-
clusion of this category is that people felt satisfied with the feedback
received because it was intuitive and helpful to behave in an energy-
efficient fashion.

Design-hypothesis: According to the conclusions extracted in the
previous paragraph, and with our own experience in this experiment, to
improve the intuitiveness in the different users, the designers should be
aware that the ’one-size fits all’ approach will not cover all user needs.
As an example, the persuasive IoT-based coffee-maker was the most
efficient according to the quantitative data. However, the users missed
features of other treatments with lower or none effectiveness
(Quintal et al. (2017) also reported a similar situation. After receiving
ambient visual cues to promote energy awareness, participants in their
study missed other extra features such as using historical data, social

comparisons, presenting the impact on the environment or the energy
origin). Such finding let us understand that it is impossible to please
everyone with one design even when it seems to be just right for the
envisaged purpose.

Further, in the qualitative phase, it is more than probable that some
of the interviewees will miss features that the literature reckons that do
not work for changing the intended behaviour in the mid and long term
(e.g. provide kWh without comparisons, or provide financial in-
centives). These opinions should be taken with extra care in the design
phase because they may blur the goal of changing the behaviour. We
argue that this design-insight is comparable to other contexts of HCI
beyond IoT. Still, we consider that a designer should be firm with the
interactive proposal if it has been validated through appropriate design
methodologies.

4.2. Mediator/emotion

Whereas the majority of the feedback provided about the interac-
tion was positive, the proposed persuasive design provoked polarised
emotions that were voiced in the focus group sessions. For example, P3
stated: “Despite the suggestions of the augmented appliance to leave it on, I
felt cross leaving the coffee maker switched on after preparing a coffee”. The
opinions of P4 were more positive: “I loved to know that we have a smart
appliance in the office” or P5: “It is funny to have one (the appliance)... for
me, it is like it was another member of the department”. This latter quote
resounds to the ‘Media Equation Theory’ that states that media and
computers are sometimes treated by people as if they were real
humans (Reeves and Nass, 1996). Moreover, P5’s comment and that of
P6:“The coffee-maker sparked conversations about energy consumption
among colleagues. Overall during the initial weeks of the set-up” correlated
with the idea that augmented smart objects may have the role of
mediators to bring about reflections and conversations centred in the
topic that the designer wants to change.

Design-hypothesis:We want to emphasise the idea that augmented
objects seem to be more than mere relays of eco-feedback, and they
should be conceived as new interactive actors in these situated en-
vironments. This idea is not new in IoT Atzori et al. (2014) and was
thoroughly investigated by Nass et al. (1997) when personal computers
started to be widespread. In the case of the persuasive coffee maker,
sometimes office employees considered the device as a new ally to cope
with energy inefficiency, and they responded to smart object person-
alities as the same way they responded to human personalities. The
peculiarity of these new actors is that they can cause mixed emotions to
users. These emotions are important because they are predictive factors
for technology adoption and technology appropriation.

Fig. 5. The emerging theory obtained by analysing the qualitative data coming from all three experimental conditions through Grounded Theory.
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the five/seven emerging themes. These quotes are jointly offered with a
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augmented objects that promote sustainable behaviour, offering design-
hypotheses in order to facilitate the implementation of the exposed
ideas for future designs.
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have a Web-dashboard where I could track my kWh”. The overall con-
clusion of this category is that people felt satisfied with the feedback
received because it was intuitive and helpful to behave in an energy-
efficient fashion.

Design-hypothesis: According to the conclusions extracted in the
previous paragraph, and with our own experience in this experiment, to
improve the intuitiveness in the different users, the designers should be
aware that the ’one-size fits all’ approach will not cover all user needs.
As an example, the persuasive IoT-based coffee-maker was the most
efficient according to the quantitative data. However, the users missed
features of other treatments with lower or none effectiveness
(Quintal et al. (2017) also reported a similar situation. After receiving
ambient visual cues to promote energy awareness, participants in their
study missed other extra features such as using historical data, social

comparisons, presenting the impact on the environment or the energy
origin). Such finding let us understand that it is impossible to please
everyone with one design even when it seems to be just right for the
envisaged purpose.

Further, in the qualitative phase, it is more than probable that some
of the interviewees will miss features that the literature reckons that do
not work for changing the intended behaviour in the mid and long term
(e.g. provide kWh without comparisons, or provide financial in-
centives). These opinions should be taken with extra care in the design
phase because they may blur the goal of changing the behaviour. We
argue that this design-insight is comparable to other contexts of HCI
beyond IoT. Still, we consider that a designer should be firm with the
interactive proposal if it has been validated through appropriate design
methodologies.

4.2. Mediator/emotion

Whereas the majority of the feedback provided about the interac-
tion was positive, the proposed persuasive design provoked polarised
emotions that were voiced in the focus group sessions. For example, P3
stated: “Despite the suggestions of the augmented appliance to leave it on, I
felt cross leaving the coffee maker switched on after preparing a coffee”. The
opinions of P4 were more positive: “I loved to know that we have a smart
appliance in the office” or P5: “It is funny to have one (the appliance)... for
me, it is like it was another member of the department”. This latter quote
resounds to the ‘Media Equation Theory’ that states that media and
computers are sometimes treated by people as if they were real
humans (Reeves and Nass, 1996). Moreover, P5’s comment and that of
P6:“The coffee-maker sparked conversations about energy consumption
among colleagues. Overall during the initial weeks of the set-up” correlated
with the idea that augmented smart objects may have the role of
mediators to bring about reflections and conversations centred in the
topic that the designer wants to change.

Design-hypothesis:We want to emphasise the idea that augmented
objects seem to be more than mere relays of eco-feedback, and they
should be conceived as new interactive actors in these situated en-
vironments. This idea is not new in IoT Atzori et al. (2014) and was
thoroughly investigated by Nass et al. (1997) when personal computers
started to be widespread. In the case of the persuasive coffee maker,
sometimes office employees considered the device as a new ally to cope
with energy inefficiency, and they responded to smart object person-
alities as the same way they responded to human personalities. The
peculiarity of these new actors is that they can cause mixed emotions to
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4.3. Attachment/confidence

As well as the previous category, again, two themes were brought
together by participants, and therefore they are presented into a single
category. On the one side, attachment to the smart persuasive appliance
was found on several participants that were upset when we commu-
nicated to them that the smart devices were about to be removed, P7: “I
will miss the appliance. I changed my perception of it... from being a bare
device to consider it as something that is doing well for the environment”. On
the other side, confidence in the technology was a recurrent theme
because of the long time that people shared with the device daily (one
year), P8:“I will always heed the eco-coffee machine’s advice without any
doubts... whenever it says ‘leave me on’, I leave it on without thinking twice”.

Design-hypothesis: We acknowledge that to strengthen these two
themes, the augmented everyday objects should be designed to remain
close to the people to keep the positive influence on the users
throughout time. For that, it is important to provide dynamic feedback
that maintains the engagement (this finding is in line with the critical
review about persuasion and eco-feedback pursued by
Hermsen et al. (2016) which was partially addressed by Lu (2018) in
the context of contextual adaptive IoT systems). Moreover, the in-
formation provided by the IoT objects have to be clear and transparent
and efforts should be put on making the IoT objects to become a re-
levant authority in the field of application (in this case, many users
trusted in the coffee-maker information. Thus, Cialdini’s authority
principle of persuasion played a leading role in this
case (Cialdini, 1993)).

4.4. Use context

The context of use is defined as “the actual conditions under which a
given artifact is used in a normal working situation”. According to
Pierce et al. (2008), there are two important dimensions when de-
signing eco-feedback technologies for use-contexts: dweller control and
third-party control. The workplace lays into “low dweller control, high
third-party control”. Surprisingly enough, the comments from experi-
ment participants were not only related to the place they work, and
therefore, where they use the coffee machine daily. Instead, the ma-
jority of opinions pointed out that some behaviours that one does or
learn in one use-context (e.g. at work) and export them to another,
maybe different, use-context (e.g. home settings - “high dweller control,
low third-party control”). For example, P9 stated: “Because here [at the
workplace] I switch off the coffee-maker, when I’m at home I pay more
attention to energy efficiency”. However, care must be taken when de-
signing objects to form new behaviours in a specific context, P10:
“Sometimes at home, I forget the coffee maker switched on because at work
I’m used to leaving it on since it (the augmented appliance) beg to me to do
so”.

Design-hypothesis: the IoT designers of persuasive everyday things
should take into account the spillover effects (Nilsson et al., 2017). The
spillover effect proposes that engaging in one behaviour affects the
probability of engagement or disengaging in a second behaviour (con-
sciously or unconsciously). Therefore, the formed behaviours may be
beneficial at one use-context (in our case in the workplace) but are
offering detrimental consequences in other contexts (e.g. at home when
no intelligent devices are there to remind the user to do sustainable
actions). Hence, they should be designed with the context in mind and
take into account all the consequences that may appear in on-the-wild
fields. For that, we suggest using unconventional probe tools
Nielsen (1994) or diary studies (DeLongis et al., 1992) in the design
phase.

4.5. Behaviour

According to the last column of Table 2, this category, along with
that of interaction, was the most popular topic in the conversations that

aroused in the focus group sessions. The participants that interacted
with the Persuasive condition were found to be the most aware in-
dividuals of the energy inefficiency issue at the workplace, which was
in line with the quantitative data presented. Moreover, the comments
from participants offered initial hints of behaviour change, P11: “We
were fully aware of our misleading behaviour at the beginning of the ex-
periment because the coffee maker turned red due to excessive energy con-
sumption” or P12, “The coffee maker has made me aware of energy con-
sumption. Now... sometimes after preparing a coffee, I take two steps back to
double-check if I’ve left the appliance on or off”. The voices from partici-
pants that assured that the newly formed behaviour will remain
throughout the time were the most relevant finding, P13: “Somehow I
have started forming a habit... even if it is something unconscious” or P14:
“At the end, we all have got used to switching off the appliance. I believe that
we will maintain this easy course of actions”.

Design-hypothesis: one of the main problems that designers of IoT
for pro-environmental behaviour may find in successful studies (such as
the one reported here in terms of energy-reduced), is to witness a re-
lapse effect when the researcher completely removes the experimental
conditions. The same might occur even when participants diminish the
use of the ICT-based intervention after the novelty effect disappear.
Such design-insight is pretty much in line with Pereira et al. (2013) or
Peschiera et al. (2010) who reported evidence on response-relapse
patterns on studies related to eco-feedback and energy awareness in-
terventions. Thus, the question we raise is: What would be the con-
tingency plan if there were no hints or advice to facilitate the decision-
making anymore? Or, if the rewards finished suddenly? Or, if the ga-
mification process became annoying to participants because of its re-
petitiveness? Etc. The designer of augmented everyday objects should
carefully plan the longitudinal extent of his/her system and reflect upon
foreseeable consequences of feedback removal. A proposal would be to
taper the feedback off during intervals instead of doing it abruptly or
creating context-aware gradually adaptive systems based on the most
up-to-date user status (this latter approach was studied experimentally
in a controlled environment by Lu (2018)).

5. Applying emerging guidelines on a new IoT device

Each of the categories derived from the analyses represent a the-
matic design-hypothesis, enabling researchers to build effective inter-
ventions in the workplace that place in the centre the relationship be-
tween people and the augmented device to reduce energy waste: from
how people will interact with the device, through the emotions which
the device may arise, the conversations that the device itself might
foster among users, the confident or attachment to the suggestions
provided by the intelligent device, the environment or context where
the device will be used, and finally, the behaviour to be promoted. With
this conceptual framework, in the following, we implement each of the
design-hypothesis on a new everyday IoT object that aims at improving
the energy efficiency of equipment in workstations in an office-based
work environment. Firstly, ideation and development of the prototype
are introduced to contextualise the theoretical implementation. Then,
the emerging theory is applied in the context of the presented device,
linking each of the five emerging themes with the different design
features and design decisions.

5.1. The interactive coaster

To deepen in the research and understand the practical issues that
emerged in the theoretical approach, an interactive IoT prototype was
developed. The Interactive Coaster (IC) is a device intended to help the
users become more aware of the energy that they use through the
electronic devices that surround them in their workspace (e.g. a com-
puter, monitor or the mobile phone charger). The IC supports the user
in the daily routine at work by periodically showing visual information
about their energy consumption level and also serves to its primary
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function (i.e. act as a coaster for placing on top of it a coffee mug or a
bottle of water). Besides, it also provides alerts to use the devices more
efficiently (e.g. to turn off the screen when it is not used (during
breaks), foster the usage of the sleep mode, or switch off the computer
when leaving the workplace during longer periods). To do so, the IC is
connected to a smart plug that collects the energy consumption of the
whole workstation. The IC (which can be observed in Fig. 6), is a
rounded coaster made of wood and includes concentric methacrylate
circles that cast light through RGB LEDs. A coaster was selected among
other design ideas due to its high visibility in the desktop environment.
Besides, it is always visible and can be used by everyone at any mo-
ment. To improve the effectiveness of the feedback provided, the dia-
meter of the coaster is slightly higher than an average mug or glass. In
this way, the individual can (almost) always observe the outer light-
ring, although a recipient is on top of it.

The lights of the coaster show a different colour depending on the
average energy expenditure. Green is used to inform that the energy
consumption is low; yellow to report that the waste is raising; orange to
alert that the user is close to its average consumption and red when
energy usage has overtaken the average consumption of previous days.
The IC features different modes and visualisations to enhance user
awareness and motivation about energy efficiency. 1) A historical en-
ergy consumption visualisation (when the user pushes the central
button of the IC the four different circles of the coaster show a different
colour depending on the energy expenditure of each time unit - pre-
vious day, current week, current month, current year); 2) an automatic
visualisation alerts about the energy consumption consumed during the
workday; 3) a vibration alarm buzzes when different energy ex-
penditure levels are exceeded (the colour coding remains the same as
current consumption or historical information); 4) “party mode” lights
a visualisation with random colour coding, aiming at offering playful
value through colourful and animated visual effects; and 5) a “snooze
mode” is activated when the user flips over the Interactive Coaster
switching off all the lights until it is flipped over again. The IC is able to
connect to the Internet extracting all the information about energy
consumption through a Wi-Fi module built-in the System on Chip (SoC),
which controls the whole operation of the IoT device.

The coaster has been designed following a user-centric approach,
and its design was addressed in a previous work of the authors Irizar-
Arrieta et al. (2018). A summary of the steps followed to design the IC
from scratch were: 1) the first ideation process, where the goal was to
establish an initial approach to generate new ideas, prototypes or mock-
ups based on the users’ needs; 2) the development of a Low-Fi prototype
of the IC. This early version was intended to provide an initial approach
of the physical design of the coaster, the information that it would
provide, and the main interactions that should be implemented on it; 3)
user research with the device, where we sought to share the first design
ideas with them to understand their insights; and 4) the refinement of
the prototype, implementing the design with the ideas emerged from
the qualitative study. During the design process (third phase), we in-
volved seven end-users following a semi-structured interview approach
after letting them interact with the early versions of the IC. Expressly,
the interviewees were initially provided with free time (2–5 min) to
interact with the device, and then, the two researchers started asking
questions. We asked them about their opinion of the IC, which metrics
were preferred to understand their energy consumption, the colour-

coding preferred, which kind of feedback was more understandable for
them, where they would place the coaster within their workstation, etc.
With this information and the qualitative insights from the GT ap-
proach, we finalised the design of the new IoT object. In the following
section, we shed light on how the nascent theory and its design-hy-
potheses were implemented in the IC.

5.2. Implementing the emerging theory on the IC

The central idea extracted from the results of the Grounded Theory
analysis sets the basis of the incipient theory about the relationship
between the augmented IoT device and people to reduce energy waste.
The five/seven design-hypotheses of the emerging themes (interaction,
mediator/emotion, attachment/confidence, use context, and beha-
viour) are used as drivers to face the design phase in the ideation and
development of the IC.

5.2.1. Interaction
The interaction was one of the most relevant topics in the evaluation

sessions. Therefore, it should be a key driver to improve the relation-
ship with the device. To facilitate the understanding of the
”Interaction” term and to avoid comprehension issues, we consider it
necessary to clarify the approach of the terminology used in this work.
In this context, interaction is understood as the actions and relations
between an individual and an interface. To go in-depth through this
generic conception of the term, the approach proposed by
Diefenbach et al. (2013) is used, where the Interaction term is classified
through three different levels: 1) the Why level, the most general. This
is related to the experience, emotions, and subjective impression when
interacting with something; 2) the What level, related to the function-
ality of any interaction, and 3) the How level, related to concrete op-
erations, motor-actions and elementary attributes. Following the de-
sign-hypothesis from the Interaction theme (i.e. “One size does not fit
all” He et al., 2010) and the Diefenbach’s rationale explained above, we
devised the IC through a user-centric approach, developing an iterative
process of design and evaluation and involving the user in the process.
The heterogeneity of the individuals and their different needs, emotions
or perspectives were specially addressed in the evaluation sessions to
extract design features to implement in the IC. Hence, different features
were implemented, aiming at offering different and complementary
strategies to cover the needs of the existing different user stereotypes/
segments. Thus, automatic visualisation of energy expenditure, the
historical visualisation of the average consumption of different time
units, and alarms or warnings when certain expenditure is raised. These
design strategies were developed taking into account the research de-
veloped by Lockton (2012) and Petkov et al. (2012) where they offer
specific design solutions addressed to the user diversity based in the
behavioural models of the human system (Lockton, 2012) and the
personal norms, values and beliefs (Petkov et al., 2012). In essence, in
the IC different interactive approaches were implemented, offering end-
users a wide range of feedback to address the diversity of needs (e.g.
messages with different cognitive load, context-feedback in time
through the warnings, delayed feedback through automatic visualisa-
tion and feedback on-demand through historical energy consumption).
We can not ensure that with this, we have covered all user needs, but
we believe that this approach will reduce the end-user expectations
considerably on missed features. Further explanation about how the IC
addresses the user diversity can be found here (Irizar-Arrieta et al.,
2018).

5.2.2. Emotion/mediator
The emotions were another factor that emerged from the relation-

ship between the device and the individuals. As the qualitative results
showed, feelings and emotional bonding are inherent to the relation-
ship with the device, and thus they must be taken into account when
designing interactive smart artifacts. The idea of the device as a

Fig. 6. The IC showing some of the states that can display.
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function (i.e. act as a coaster for placing on top of it a coffee mug or a
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Besides, it is always visible and can be used by everyone at any mo-
ment. To improve the effectiveness of the feedback provided, the dia-
meter of the coaster is slightly higher than an average mug or glass. In
this way, the individual can (almost) always observe the outer light-
ring, although a recipient is on top of it.
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ideas with them to understand their insights; and 4) the refinement of
the prototype, implementing the design with the ideas emerged from
the qualitative study. During the design process (third phase), we in-
volved seven end-users following a semi-structured interview approach
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were preferred to understand their energy consumption, the colour-
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devised the IC through a user-centric approach, developing an iterative
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extract design features to implement in the IC. Hence, different features
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historical visualisation of the average consumption of different time
units, and alarms or warnings when certain expenditure is raised. These
design strategies were developed taking into account the research de-
veloped by Lockton (2012) and Petkov et al. (2012) where they offer
specific design solutions addressed to the user diversity based in the
behavioural models of the human system (Lockton, 2012) and the
personal norms, values and beliefs (Petkov et al., 2012). In essence, in
the IC different interactive approaches were implemented, offering end-
users a wide range of feedback to address the diversity of needs (e.g.
messages with different cognitive load, context-feedback in time
through the warnings, delayed feedback through automatic visualisa-
tion and feedback on-demand through historical energy consumption).
We can not ensure that with this, we have covered all user needs, but
we believe that this approach will reduce the end-user expectations
considerably on missed features. Further explanation about how the IC
addresses the user diversity can be found here (Irizar-Arrieta et al.,
2018).

5.2.2. Emotion/mediator
The emotions were another factor that emerged from the relation-

ship between the device and the individuals. As the qualitative results
showed, feelings and emotional bonding are inherent to the relation-
ship with the device, and thus they must be taken into account when
designing interactive smart artifacts. The idea of the device as a
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mediator of conversations or interactions around energy efficiency is
also linked with the feelings derived from this emotional bond. That is,
if the values offered by the device resonate with the emotional needs of
the user, the device can act as a mediator not only to conversations but
also for the behaviour that the device aims to change.

The IC implements the emotional factors through product design.
The top side of the IC has been designed taking into account the idea of
the tree trunk and its rings. This strategy offers a visual metaphor that is
intended to impact the emotional side of the individual. In order to
strengthen this metaphor, the material selected for the case was wood.
Besides, the visual design of the RGB lights and the appealing party
mode are features intended to enhance the emotional properties of the
device through design patterns.

The mediator theme was also implemented on the IC through its
intended placement on the workstation to foster high visibility of the
device at any moment by its owner and close colleagues and peers.
Furthermore, we implemented a colour-coding that resonates with the
traffic-light analogy. This corresponds to an emotional codification
based on the work proposed by Gao and Xin (2006); Valdez and
Mehrabian (1994).

5.2.3. Attachment/confidence
Attachment and confidence are abstract and complex factors closely

related to the relationship between the device and the individuals.
Therefore, special care must be put when addressing these concepts to
avoid strategies that may cause a negative effect on them. A variety of
strategies can be followed to improve the level of attachment of the user
towards the IC and gain confidence in the long term. Taking into ac-
count the design-hypotheses, the device should be located close to the
user or, at least, in his/her field of view (whilst being careful not to
create continuous attention theft). In this regard, the device has been
designed to be small and easy to be moved to one place or another
within the workstation in order to not be obtrusive to employees (See
Fig. 7).

The confident theme is implemented by offering consistency over
the visual information provided and openness. On the one side, we
explain to the users that what they observe with colours in the IC is an
analogy of the real energy consumption being monitored by a smart
plug connected to their workstation. To provide adaptive feedback as
suggested by Hermsen et al. (2016), the IC calculates the maximum
target consumption for each day providing different colour-based in-
teractions depending on how close the user is to exceed the calculated
target. On the other side, we offer them the option of visualising the
energy consumed in a digital time-series graph to corroborate that the
visual cues built-in the device correspond to the power being drawn

(see Fig. 8).

5.2.4. Use context
The Interactive Coaster is intended to promote energy efficiency in

an office-based work environment and therefore, the limitation of this
narrow context should be taken into account. To minimise the potential
negative spillover effects related to a cause-effect design (e.g. forgot to
switch off the monitor at home because the user does not have a
blinking coaster in its private setting), the IC is designed to provide
overall awareness about energy-efficiency. Although the device is not
designed to send alerts at specific moments (e.g. vibrate if the user is
about to go home in order to recall him/her to switch everything off), it
is possible for users to learn how the IC works and to see the existing
causal relationships between their everyday actions and work patterns
and the different colours that the IC shows. Through the everyday vi-
sualisation, the users are invited to reflect on their behaviour and en-
ergy expenditure rather than expect triggers and alerts from the coaster
at specific moments during the day. Therefore, the IC’s objective is to
enhance overall awareness and eventually energy savings rather than
recall a specific undesired action continuously. We believe that this
design is prone to provide positive spillover effects in other contexts.

5.2.5. Behaviour
The Interactive Coaster has been primarily designed to enhance

awareness and to serve as an energy ally to the user. Although the

Fig. 7. People at workplace placing the IC on different locations of their
desktop.

Fig. 8. An example of one of the Web-based graphs. Users are able to select the
time interval and the energy data frequency (15mins, 1h, 1day) of their asso-
ciated smart plug. In this example, the user has selected observe its consump-
tion in a daily-basis.

A. Irizar-Arrieta, et al. International Journal of Human-Computer Studies 137 (2020) 102393

9



70

promotion of the pro-environmental behaviour is the objective, the
implications of the use context place the performance of the action as a
consequence of the awareness generated by the eco-feedback (this is in
line with Azjen’s Theory of Planned Behaviour where intentions are the
pivotal determinant for behaviour to occur Hardeman et al., 2002).
Therefore, and taking into account, the design-hypothesis of this theme,
the potential relapse effect derived from the elimination of the tech-
nology at the end of the experimental phase should be less unfavour-
able. Besides, the own energy usage patterns learned by users after
having interacted with the coaster for a short period could drive to
more sustainable actions. Moreover, these might be more likely to stick
because the behaviour change is not linked to the device but to the
motivation and new energy-related knowledge of the individual.

6. Conclusions

In this article, the qualitative data derived from a set of focus groups
after carrying out a longitudinal experiment on energy awareness at the
workplace were analysed using the Grounded Theory approach. GT
analysis was applied to produce new insights into the design process of
novel persuasive physical interfaces or augmented everyday objects
that promote energy-efficient behaviour change that sticks throughout
the time at the workplace. The emerging theory presents five cate-
gories: 1) interaction, mediator/emotion, 3) attachment/confidence, 4)
context, and 5) behaviour. Each of these categories derived from the
analyses represents a thematic design-insight, enabling researchers to
build effective interventions in the workplace that place in the centre
the relationship between people and the augmented device to reduce
energy waste (the central category of the emerging theory). In a linear
fashion the emerging theory shed light on how design IoT devices
taking into account the interactions that users will have with them,
through the emotions which the device may arise, the conversations

that the device itself might foster among users, the environment or
context where the device will be installed and used, and finally, the
behaviour to be promoted. To gather more data and deepening on this
research line, a new interactive IoT device (a coaster) was developed by
implementing one by one each of the themes extracted from the user
perception-based theory. The difficulties of addressing the mapping
from theory to design have been pointed out throughout the article. We
deem that the endeavour of designing a new device within the premises
of the theory has enriched the framework substantially since we de-
monstrated that it can be applied on a real interactive design. As a
future line of work, the evaluation of the effectiveness of the new IoT
device will provide new arguments and enhancements over the validity
of the themes. We expect designers, engineers, makers or even hobby-
ists in the intersection between technology-enablers (through IoT) and
behavioural scientists to benefit from the presented work.
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Appendix A. Offices and bussines description

Bailen: It is a coworking space in an old building in Bilbao where architects, urban planners, designers, and multimedia producers coexist. All the
people who work in this space are in a room with shared tables, leaving the coffee area in a separate room. In addition to the coffee machine, there
are other appliances: microwave, dishwasher and water heater for tea. In this type of space, it is easy to forget a device switched on and be in this
state unnoticed during all the time in which the room is unoccupied.

Comunica: It is an administrative office within a university in Bilbao. Each of the people who work there develops management or commu-
nication functions and therefore has a personal desk. The coffee machine is hidden in a cupboard and every time they want to use it they have to
carry out the following process: open the cupboard, turn on the coffee machine, put the capsule, make the coffee, remove the capsule, the cup and
leave everything clean, for last, close the closet again. Being so specific and conscious of the process of preparing a coffee, it is difficult for people in
this space to leave the appliance on. The reason for having the coffee machine hidden is because it is a space where many outsiders get in and
employees do not want to have the device in view to visitors.

Computing, Life, Mobility, and MORElab: The four groups do research in computer science and belong to a research center attached to a
university in Bilbao. The four groups are arranged in separate places within a clear space of 2000 m2. Being such a large place, there is no interaction
between the groups or visual contact as the researchers develop their functions in semi-isolated cubicles. As they are different groups, each of them
has a coffee machine for personal use that is located in one of the free tables corresponding to their work units. In each group, there are members
who have visual contact with the coffee maker and others who do not. As a particularity, it should be taken into account that the members of the
Mobility group usually coincide when it comes to making the coffee break, while in the other groups, each person usually prepares the coffee
individually. Some of the groups have a microwave and refrigerator.

ServGen: It is a workspace that serves as the secretariat of a research center attached to a university in Bilbao. In this space, there are several
offices for private use and common rooms where administrative staff works. The coffee machine is placed in one of these spaces. Only one of the
workers has direct visual contact with the device.

IEEC: It is a research group related to computer science and education belonging to a university in Madrid where its members are divided into 2
separate offices. Their coffee machine is located inside a working laboratory along with other mechanical machines such as drills and lathes. This
laboratory is separated from the two offices, therefore there is no visual contact with the appliance. Hence, it is easy to leave it switched off due to
absentmindedness.

Techabout: It is a cabin located in a business incubator of technology-based companies in Bilbao. Being a small room does not have separate
spaces and therefore the coffee machine is on top of a piece of furniture in the center of the room. Each of the people who work there has their own
table and they all have visual contact with the coffee machine.

Tecnilogica: It is a technological company in Madrid with a diaphanous space of about 1500 m2 where the workers are grouped in round tables
organized by ongoing projects. The space of the coffee machine is separated into an adjoining room that is a full kitchen. In addition to all the
appliances that can be found in a conventional kitchen, this space has vending machines. In that place, people can eat or relax because there are
tables, sofas, and access to the outside. There are many people in the company who usually have coffee together at the same time.
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promotion of the pro-environmental behaviour is the objective, the
implications of the use context place the performance of the action as a
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having interacted with the coaster for a short period could drive to
more sustainable actions. Moreover, these might be more likely to stick
because the behaviour change is not linked to the device but to the
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workplace were analysed using the Grounded Theory approach. GT
analysis was applied to produce new insights into the design process of
novel persuasive physical interfaces or augmented everyday objects
that promote energy-efficient behaviour change that sticks throughout
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build effective interventions in the workplace that place in the centre
the relationship between people and the augmented device to reduce
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fashion the emerging theory shed light on how design IoT devices
taking into account the interactions that users will have with them,
through the emotions which the device may arise, the conversations

that the device itself might foster among users, the environment or
context where the device will be installed and used, and finally, the
behaviour to be promoted. To gather more data and deepening on this
research line, a new interactive IoT device (a coaster) was developed by
implementing one by one each of the themes extracted from the user
perception-based theory. The difficulties of addressing the mapping
from theory to design have been pointed out throughout the article. We
deem that the endeavour of designing a new device within the premises
of the theory has enriched the framework substantially since we de-
monstrated that it can be applied on a real interactive design. As a
future line of work, the evaluation of the effectiveness of the new IoT
device will provide new arguments and enhancements over the validity
of the themes. We expect designers, engineers, makers or even hobby-
ists in the intersection between technology-enablers (through IoT) and
behavioural scientists to benefit from the presented work.
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Abstract: The heterogeneity and dynamism of people make addressing user diversity and its categorisation
critical factors, which should be carefully considered when developing pro-environmental strategies and
interventions. Nevertheless, the complexities of individuals complicates the creation of modelling and
classification systems. The aforementioned issue opens a research opportunity, which should be tackled
to improve the development of human-centric systems and processes. Throughout the present piece
of research, our objective is to bridge that gap by extracting knowledge and insights relating to how
to address user diversity when designing technologies considering sustainable behaviour. For this,
we explore the possibilities of the FOX model—an early meta-model to approach the diversity of
individuals when addressing pro-environmental behaviour—to classify and understand individuals
while taking their heterogeneity into account. After introducing the model, a qualitative survey of eight
experts is conducted. From this study, relevant findings are analysed and exposed. Taking into account
the gathered knowledge, three user profiles are developed, based on the dimensions proposed by the
model. Furthermore, scenarios are created for each profile, presenting three case studies where different
application modes of the model are described (personalised interventions, prediction and forecasting,
and individual and collective interventions). Finally, the extracted findings are analysed, discussing the
main issues related to the development of pro-environmental technologies and systems.

Keywords: sustainable behaviour change; human–computer interaction; design for sustainable behaviour;
user modelling; behavioural theories; smart environments

1. Introduction

Due to the increasing relevance of sustainability, environmental impact has become a critically
relevant issue in the development of technologies, particularly in the field of smart environments
and cities [1]. In this context, the present paper offers a continuation of a previous conference
paper [2], aimed at addressing the human factor in the context of sustainable person-centric technological
systems. Following the approach of Mankoff et al. [3], sustainability can be described through two
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main conceptualisations: (1) sustainability in design, which is related to the optimisation of the
materials and processes of the associated hardware and software; and (2) sustainability through design,
which refers to influencing sustainable lifestyles and the decisions of individuals. In this line, Sustainable
Human–Computer Interaction (SHCI) [4] aims to enhance the environmental impact of technologies
addressing the human factor. Hence, SHCI considers the relations and interactions of the individual with
digital/physical systems or technologies to improve sustainability [4]. Therefore, user interactions and
behaviours are analysed to (1) better understand how to face the challenges derived from the human
factor; and (2) enhance the management of technological devices, systems, and processes, in order to
minimise their impacts on the environment. This is a paramount factor in human-centred intelligent
environments [5], where actions are usually recognised to adapt interventions and to offer feedback related
to the characteristics and needs of people. Therefore, it seems necessary to assume the complexity of the
individual and to understand the different issues that may influence his/her behaviours and actions. [6] In
essence, the study of the diversity of individuals emerges as a relevant requirement. In this context, the fact
that people are different from each other may be critical. Nevertheless, individuals themselves also differ,
depending on the context and due to many various factors (e.g., an individual with the habit of always
taking the stairs, instead of the lift, may change this behaviour due to a temporary injury). As Hekler et al.
stated, to influence sustainability in people, behavioural theories must be taken into account [7]. Therefore,
heterogeneity may be studied as a flexible and dynamic attribute to face the contextual barriers and
uncertainties that could influence individual actions and behaviours. For that, as mentioned previously,
this paper follows a previous research piece [2], in which the FOX model (an early meta-model to face
heterogeneity understanding the behavioural constructs and dimensions) was introduced and explained.
This model was created after discovering the need for implementing more flexible and multidimensional
user characterisations [8,9]. In the present paper, this research work is continued, exploring the potential
applications of the model and applying it to the development of user profiles and scenarios.

1.1. Applied Research Methods

In the following, the research approach followed in this work is explained, together with the tools
and specific methodologies that are applied in this work. Figure 1 exposes the workflow and the different
stages of the research process followed in this paper. The phases of the present work were followed in a
linear and sequential way. However, in order to extract more information and to refine the results and
insights, more iterations may be needed. This will be addressed in future research work, in order to
improve and validate the findings exposed in the present paper.

Figure 1. The steps of the research methodology followed in the present work.

Problem statement. The first step of the process starts with the definition of the problem and the
research question. As the main objective is to gain knowledge on the potential applications of the
FOX model, the research question arose as: How can the FOX model be applied? The complementary
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objective of this paper is based on gaining understanding on other relevant implications of the FOX model
(i.e., improvements, shortcomings, application context, and so on).

Experimental design: qualitative survey and case studies. In order to answer the research question
and to reach complementary objectives, the experimental design was centred on the analysis of the FOX
model and its implications, in relation to the diversity of individuals. For that purpose, qualitative tools
were selected, in order to gather rich insights and other promising information. Following the ideas
exposed in a previous work [10], where the relevance of online survey tools was explained, these kinds
of tools promote a user centred approach. Besides, although ethical considerations must be taken into
account [10], this methodology offers a flexible and affordable method for data gathering. In addition,
the importance of online surveys was already exposed by Evans and Mathur [11], providing information
for approaching practical implications. The objectives of the qualitative survey were: (1) to test if the model
is easily comprehensible by researchers and practitioners; (2) to discover if the FOX model is applicable
in the context of smart environments; (3) to understand how and why it can be applied in those elicited
contexts; and (4) to extract additional improvements and insights. This study was conducted with experts
in the computer science field, and as all of the participants were already familiar with the model, it was
decided to implement an online survey as a method for qualitative data gathering, following the ideas
exposed by the previously mentioned research works. As the participants were used to working with the
Google Suite, this survey was conducted through an online Google form, in order to provide an easy and
affordable means for information collection.

Aiming at exploring how the model can be applied and to better understand the target users in their
context, three qualitative case studies were developed. Following the approach of Schwandt and Gates,
there is no single definition of “case study” when trying to understand the behavioural implications of
individuals [12]. Besides, the authors ensured that there were considerable variations across disciplines.
Taking this into account, in this paper, the definition of Schwandt and Gates is used; that is, understanding
a case study as a detailed description and analysis of any specific issue, being a method widely used to
perform qualitative research [12].

For the development, the Persona-Scenario method [13] was applied. This procedure integrates
the Persona method with scenario building. Persona [14,15] is a common methodology in the field of
HCI, which is intended to define user archetypes. It aims at envisaging a real individual, in order to
gain an understanding of target users. It provides an idealisation of any given user profile, including all
the relevant elements to understand the main attributes, lifestyle, emotions, feelings, and other relevant
information. This tool is useful to define and visualise individuals, in relation to any given context.
A recent study explored the utilisation of this tool to increase the creativity in ideation processes [16].
Hence, by developing Personas, the profile of an individual can be understood and envisaged in more
depth. This is in line with the approach followed by He et al. [17] when describing the application of the
transtheoretical model [18], a behavioural model to foster pro-environmentalism, and with the approach of
Coskun et al. [19] when exploring user diversity. In addition, the description of the preferences and other
relevant insights helps researchers and practitioners to understand better how any given intervention
would be received by the potential users. The creation of scenarios is the next step of the Persona-Scenario
method, which involves the exploration of the performance of the Personas in any specific context and/or
system. This tool helps to envisage how any system or framework, in the context of the Personas,
would work and to identify potential design problems in early stages. To better understand this behaviour,
the scenarios are built using storytelling techniques, following the findings of Madsen and Nielsen [20,21].
For this, the Personas and scenariosare described as short histories, in order to better envisage the insights
and implications emerging from the Personas and their interactions with the context and the system.

The paper is structured as follows: Section 2 analyses the state-of-the-art by describing the most
relevant theoretical frameworks for understanding behavioural processes. Other approaches that are
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relevant to addressing the user diversity for sustainable behaviour are also exposed. In Section 3, the FOX
model is briefly introduced to contextualise and frame the involved dimensions. In Section 4, a qualitative
study to explore the potential applications of the model is exposed. Taking into account the extracted
insights, three user profiles and their use contexts are described, applying the FOX model to frame
them. The objective is to understand how a potential user would behave in three stereotypical contexts,
according to the model. In Section 6, the results and findings are discussed, exposing relevant insights.
Finally, the conclusions extracted from the research work are summarised and future research lines defined.

2. Background

In this section, the state-of-the-art is described, in order to analyse the most relevant works related
to the research presented in this paper. Different approaches to cope with the decision-making process
have been examined in the existing literature. In fact, Coskun et al. conducted an extensive review on
the design of sustainability and behaviour change [22]. A recent work overviewed the main studies in
relation to behavioural technologies [23], highlighting the need to address the heterogeneity of individuals
when developing pro-environmental strategies in the conclusions. In order to frame the theoretical
context, first, we expose behaviour change models applied to sustainability. Then, other complementary
user models and characterisations are described, including other studies that may provide indirect,
but valuable, background. Finally, the conclusions of the analysis are summarised, in order to better frame
the contribution that this work provides to the research community.

2.1. Theoretical Frameworks of Sustainable Behaviour Change

In order to frame the relevant ideas that contextualise the present work, three relevant behavioural
models that offer different approaches to frame the actions of individuals are highlighted.

Transtheoretical Model (TTM): The TTM [18] is a longitudinal model that analyses the process
of change, in order to understand how it happens. It divides behavioural change into six stages:
pre-contemplation, contemplation, preparation, action, maintenance, and termination. This behaviour
model has been applied to boost sustainable actions and lifestyles by some scholars: He et al. [17] developed
one user archetype based on this model and specific strategies to boost pro-environmental behaviour in
the different stages of change; Wising, Chirez, and Adams [24] proposed a work using TTM to enhance
industrial energy efficiency targeting the change of the energy culture; and in a recent work, Xiao studied
how to motivate consumers in the context of sustainability by applying the TTM [25].

The theory of Values-Beliefs-Norms (VBN): VBN is a theoretical framework for sustainable behaviour
based on values and norm-activation processes. The main idea of VBN is that individuals who accept a
movement’s basic values believe that the valued objects are threatened. Due to this, they trust that their
actions can help to restore those values and experience an obligation (personal norm) for pro-movement
action, which creates a predisposition to contributing and/or giving support at different levels [26].
The values are intrinsic to the individual, but they may be aligned with the environmentalism and develop
increasing beliefs that end up in the development of a pro-environmental personal norm. Beliefs appear
with the acceptance of the fact that human actions harm the environment. The next step is to be aware of
the consequences, followed by the ascription of responsibility. Next, the norm will be created, and the
individual adopts behaviours and actions according to this norm. This approach was refined later by
Stern et al. [27]. Petkov et al. applied this model in the context of pro-environmental technologies and
developed a study addressing specific personalised interventions for different user types, depending on
the different values outlined by Stern’s theory [28].

The Theory of Planned Behaviour (TPB): The TPB [29] is a conceptual theory that addresses
intentions as the immediate antecedent of behaviour. These intentions are influenced by beliefs, attitudes,
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and behavioural control (the perceived self-efficacy over a specific action). This framework helps to
understand how people’s behaviour can be changed or tailored with a series of predictable aspects that
can influence their intended conduct. This framework has been applied to the pro-environmental context
by Coskun and Erburg, in order to face the diversity of individuals in relation to sustainable behaviour [6]
by developing user profiles. Furthermore, Greaves, Zibarras, and Stride analysed intentions in relation to
sustainability using TPB theory, in the workplace context [30].

2.2. Existing User Models and Characterisations in the Context of Pro-Environmentalism

In addition to behaviour change models, some studies have explored user diversity to understand
how the individuals behave. In this way, Lockton et al. developed user profiles for sustainable behaviour,
taking into account the differences in behavioural traits by defining the Pinball, Shortcut, and Thoughtful
user types, based on the different models of the human system [31]. Coskun and Erburg proposed another
categorisation based on the TPB [19] and identified four personas in the context of the sustainability [6].
Petkov et al. [28] applied the VBN to develop a user categorisation to implement personalised eco-feedback.
Moreover, He et al. [17] used the TTM for the same purpose. Cor and Zwolinski identified two types
of individuals using questionnaires to measure key factors [32]. Lilley, Bailey, and Charnley developed
Personas [14] focusing on the self-repair behaviour, among other factors [33]. Halko and Kientz addressed
the differences in individual personalities concerning behaviour change techniques [34]; while Kaptein,
Lacroix, and Saini developed profiles based on the persuasion level [35]. In a later work, they continued
investigating within the field of persuasive technologies, exposing that these can be more effective if they
are personalised [36]. Table 1 summarises the main idea of each proposal.

Table 1. Existing user models and characterisations in the context of pro-environmentalism. TTM,
Transtheoretical Model; VBN, Values-Beliefs-Norms.

Authors Description and Key Points

He et al., 2010 [17] Application of TTM to define interventions for one specific Persona.
Halko and Kientz, 2010 [34] Understanding differences in personality, in relation to behavioural techniques.

Kaptein, Lacroix, and Saini, 2010 [35] User profiles linked with the persuasive level and personalised inputs.
Lockton et al., 2012 [31] Definition of three user profiles in relation to behavioural traits.
Petkov et al., 2012 [28] Application of VBN, identifying profiles to address personalisation.

Lilley, Bailey, and Charnley, 2013 [33] Development of three Personas and specific strategies for them.
Cor and Zwolinksi, 2014 [32] Identification of two types of individuals to set design interventions.
Coskun and Erburg, 2016 [19] Identification of four personas based on the TPB.

2.3. Other Approaches to Sustainable Behaviour

Design for Sustainable Behaviour (DfSB) [37] seeks to minimise environmental impact by framing
people’s behaviour. Although not specifically focused on user diversity, Michie proposed strategies
and techniques for addressing pro-environmentalism, further defining a taxonomy of techniques [38].
In addition, the same author explored the relation of behaviour change techniques with behavioural
determinants [39], proposing the Behaviour Change Wheel (BCW) [40], a tool that groups 19 frameworks of
behaviour change. The Theoretical Domain Framework (TDF) [41] sets an in-depth analysis of individual
behaviours. This model has been applied to foster recycling behaviours [42]. Following the idea of
understanding individuals better, Morgan et al. analysed the role of co-design in a large organisation [43].
They exposed ideas extracted from user studies and developed an early prototype to enhance energy
efficiency in the workplace. Other related work was proposed by Yun, Aziz, and Lasternas [44],
who explored the online feedback and control strategies for sustainability in the work environment.
Finally, the work proposed by Bao et al. [45,46] explored the impact of quantitative and emotional
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feedback, highlighting the relevance of providing both feedback types. Table 2 shows the key points of the
exposed works.

Table 2. Other approaches to sustainable behaviour. DfSB, Design for Sustainable Behaviour; BCW,
Behaviour Change Wheel; TDF, Theoretical Domain Framework.

Authors Description and Key Points

Michie, 2008 [39] Exploration of behaviour change techniques with behaviour determinants.
Lilley, 2009 [37] Definition of DfSB, a framework to address behavioural interventions.

Michie, 2011 [38], Definition of a taxonomy of behaviour change techniques.
Michie, 2011 [40] Development of BCW, a tool to select the best behavioural strategy.

Gainforth, 2016 [42] Application of TDF to foster recycling behaviours.
Bao et al., 2016 [46] Analysis of quantitative and emotional eco-feedback.

Atkins, 2017 [41] Definition of TDF, a framework addressing behaviours of individuals.
Yun, Aziz, and Lasternas, 2017 [44] Analysis of online feedback and control strategies in the workplace context.

Morgan et al., 2018 [43] Research work about co-design in a large organisation to boost sustainability.
Bao et al., 2019 [45] Analysis of emotional eco-feedback.

2.4. Insights Extracted from the Literature Analysis

After the review of the related work, some conclusions can be highlighted, in order to guide research
into how to better understand the human factor to influence sustainable lifestyles and actions. Following
the statement of Coskun and Erburg [19], there is no standard method to explore user heterogeneity,
and it is complicated to extract valid knowledge. Each author applied a different approach with specific
criteria in a specific context. Thus, it can be difficult to extrapolate knowledge and to further analyse the
impacts of these proposals. Moreover, most of the proposals are based on a single dimension of the user.
Therefore, the application of existing taxonomies may lead to several shortcomings, derived from the
narrow view due to the lack of understanding of the different factors that influence the individual [7].
Finally, the difficulty of finding a dynamic categorisation of the users in the literature presents a major gap
that should be tackled, in order to improve the understanding of individuals in every context.

3. The Proposed FOX Model

The FOX model [2] offers a framework in which the most relevant approaches to change behaviour
are included, maintaining the original relations and meanings of different constructs and dimensions,
while offering a general perspective on the key elements to cope with user diversity in the context of
pro-environmental behaviour. This early model has been developed to be dynamic; that is, the end-user
categorisation can be updated throughout time when changes in the individuals are detected. Furthermore,
the model is also flexible. Thus, the dimensions of behaviour can be complemented with others
(e.g., demographics) and can be prioritised, structured, and organised depending on the requirements
of the application context. Nevertheless, the relations of the different dimensions of current models
of behaviour change and the overall structure of these models should be taken into account, in order
to avoid shortcomings. To improve the understanding of terminology, it should be clarified that the
different elements involved in the behavioural theories and frameworks are called Constructs. On the
other hand, the elements that compound the user meta-model are called Dimensions, which are based on
the behavioural constructs in most cases. These dimensions are understood in the context of behavioural
technologies addressed to enhancing awareness towards sustainable behaviour. Taking into account
the analysis of the state-of-the-art, the frameworks were selected in relation to their complementary
nature, selecting those that could be complemented with others, aiming at providing a more detailed
conceptualisation of individuals. Another relevant factor to select the dimensions for the meta-model
is related to its application to the context. All selected theoretical models have been previously applied
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for framing sustainable behaviour. This ensures the suitability and relevance of the selected dimensions,
in relation to pro-environmentalism.

In the following subsections, the mapping of the model is explained, and the different dimensions are
introduced. More detailed explanations can be found in the previous research work [2].

3.1. Mapping the Dimensions: The Meta-Model

The dimensions are mapped into a novel meta-model that combines the behavioural approaches
found in the literature. Mixing and linking the most common theoretical models and user classifications
may help to avoid a narrow perspective of each individual model by offering a more complex way to
understand the behaviour. As exposed previously, different behavioural models complement each other,
addressing the complexity of individuals. To better connect different items, Figure 2 illustrates the links
through arrows. Following this idea, each dimension complements the others and reinforces the different
approaches proposed by the theoretical frameworks.

Figure 2. The FOX model, with the involved dimensions and relations.

3.2. Stages of Change

The TTM approaches the behavioural process by taking into account the stages of change over
time [18]. Thus, Stages of Change are included in the model as a whole dimension of the user, where the
phases are understood as the elements of this dimension. Following the pro-environmental approach
proposed by He et al. [17], the stages of change are classified as: (1) pre-contemplation: the user has no
intention to take action in the next six months; (2) contemplation: the individual intends to take action in
the next six months; (3) preparation: the individual intends to take action within the next month and has
taken behavioural steps to face it; (4) action: significant changes in behaviour within the past six months;
and (5) maintenance and relapse: besides significant changes in the behaviour for more than six months,
the person tries to sustain the acquired actions and to prevent relapse.

3.3. Personality

When developing behavioural technologies, the diversity among individuals with similar contexts,
values, and habits (e.g., siblings or friends) implies a differential factor. Thus, diverse personalities can
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be determined by the acceptance and adoption of inputs. In this context, the characterisation proposed
by Lockton et al. [31,47] fits well, due to the understanding of behaviour by approaching personality.
This author identified three user types: (1) Shortcut users are human models that regulate their behaviour
and are understood as narrowly rational users, making choices to minimise energy or cognitive expenditure;
(2) Pinball users are linear human systems, implying a user who only reacts simply to inputs and does
not think about any decisions; and (3) Thoughtful individuals are learning human systems—people who
analytically think about what they are doing and why, being able to set and modify their own goals.

3.4. Attitudes

Following the ideas of the TPB, behavioural beliefs produce a favourable or unfavourable attitude
toward behaviour, which changes dynamically depending on the situation and the behavioural values [48].
Attitudes are categorised incrementally, as follows: (1) No Environmental Attitude—the individual
does not see benefits or immediate positive impact on sustainable behaviour; (2) Low Environmental
Attitude—the individual thinks that a pro-environmental attitude may be positive, but does not see its
benefits or its immediate positive impact. Besides, he/she may perceive several barriers; (3) Medium
Environmental Attitude—the individual thinks that a pro-environmental attitude is positive, but perceives
several barriers that obscure fully positive beliefs towards his/her behaviour change; and (4) High
Environmental Attitude—the individual’s beliefs towards sustainable behaviour are at the maximum level,
believing that a pro-environmental attitude is very positive.

3.5. Behavioural Control

Behavioural control is another construct proposed by the TPB, which is linked with the control beliefs
of the user towards the specific target behaviour [48]. The classification proposed for this dimension
is: (1) No Behavioural Control—the user perceives that they have no control over a specific behaviour;
(2) Low Behavioural Control—the user thinks that the desired behaviour is difficult and that there are
many barriers to carrying out the desired action or behaviour; (3) Medium Behavioural Control—the user
thinks that it is not difficult, nor easy to achieve the target behaviour and that some barriers make the
change difficult; and (4) High Behavioural Control—the user perceives that the target behaviour is easy
and affordable.

3.6. Subjective Norm

The subjective norm is based on how sustainable behaviour is perceived by the individual and his/her
context. It is related to the internal rules of the individual and his/her context. In this way, the Subjective
Norm dimension is categorised as: (1) No Subjective Norm—the individual does not have subjective rules
about pro-environmental behaviour and has neither internal, nor external pressure to adopt it; (2) Low
Subjective Norm—the individual feels that pro-environmental behaviour is not a bad idea, but it does not
feel important in his/her own life, due to the absence of a personal or social norm; (3) Medium Subjective
Norm—the individual feels that pro-environmental behaviour is a positive idea, but is not fully convinced
and feels relaxed about the need to adopt the behaviour; and (4) High Subjective Norm—the individual
feels that pro-environmental behaviour is an obligation, due to social and personal rules.

3.7. Values

Values are a dimension extracted from the VBN theory, which involves a user’s personal concerns
related to sustainability. Stern’s paradigm proposes four types of values [27]. Nevertheless, according to
Petkov et al., values alone are not enough to boost behaviour change [28]; therefore, this dimension should
be complemented with others. The classification for this dimension is: (1) Altruistic—these values are
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be determined by the acceptance and adoption of inputs. In this context, the characterisation proposed
by Lockton et al. [31,47] fits well, due to the understanding of behaviour by approaching personality.
This author identified three user types: (1) Shortcut users are human models that regulate their behaviour
and are understood as narrowly rational users, making choices to minimise energy or cognitive expenditure;
(2) Pinball users are linear human systems, implying a user who only reacts simply to inputs and does
not think about any decisions; and (3) Thoughtful individuals are learning human systems—people who
analytically think about what they are doing and why, being able to set and modify their own goals.

3.4. Attitudes

Following the ideas of the TPB, behavioural beliefs produce a favourable or unfavourable attitude
toward behaviour, which changes dynamically depending on the situation and the behavioural values [48].
Attitudes are categorised incrementally, as follows: (1) No Environmental Attitude—the individual
does not see benefits or immediate positive impact on sustainable behaviour; (2) Low Environmental
Attitude—the individual thinks that a pro-environmental attitude may be positive, but does not see its
benefits or its immediate positive impact. Besides, he/she may perceive several barriers; (3) Medium
Environmental Attitude—the individual thinks that a pro-environmental attitude is positive, but perceives
several barriers that obscure fully positive beliefs towards his/her behaviour change; and (4) High
Environmental Attitude—the individual’s beliefs towards sustainable behaviour are at the maximum level,
believing that a pro-environmental attitude is very positive.

3.5. Behavioural Control

Behavioural control is another construct proposed by the TPB, which is linked with the control beliefs
of the user towards the specific target behaviour [48]. The classification proposed for this dimension
is: (1) No Behavioural Control—the user perceives that they have no control over a specific behaviour;
(2) Low Behavioural Control—the user thinks that the desired behaviour is difficult and that there are
many barriers to carrying out the desired action or behaviour; (3) Medium Behavioural Control—the user
thinks that it is not difficult, nor easy to achieve the target behaviour and that some barriers make the
change difficult; and (4) High Behavioural Control—the user perceives that the target behaviour is easy
and affordable.

3.6. Subjective Norm

The subjective norm is based on how sustainable behaviour is perceived by the individual and his/her
context. It is related to the internal rules of the individual and his/her context. In this way, the Subjective
Norm dimension is categorised as: (1) No Subjective Norm—the individual does not have subjective rules
about pro-environmental behaviour and has neither internal, nor external pressure to adopt it; (2) Low
Subjective Norm—the individual feels that pro-environmental behaviour is not a bad idea, but it does not
feel important in his/her own life, due to the absence of a personal or social norm; (3) Medium Subjective
Norm—the individual feels that pro-environmental behaviour is a positive idea, but is not fully convinced
and feels relaxed about the need to adopt the behaviour; and (4) High Subjective Norm—the individual
feels that pro-environmental behaviour is an obligation, due to social and personal rules.

3.7. Values

Values are a dimension extracted from the VBN theory, which involves a user’s personal concerns
related to sustainability. Stern’s paradigm proposes four types of values [27]. Nevertheless, according to
Petkov et al., values alone are not enough to boost behaviour change [28]; therefore, this dimension should
be complemented with others. The classification for this dimension is: (1) Altruistic—these values are

Sensors 2020, 20, 4576 9 of 26

focused on avoiding threats for other people; thus, altruistic individuals are those who care about others
and equality; (2) Egoistic—these values are related to the needs and wants of the individual (e.g., their gains
and losses); (3) Traditional—values related to security and to maintaining the current status to preserve
habits and traditions; and (4) Openness to change—values related to curiosity, involving individuals who
are interested in different problems such as sustainability.

3.8. Beliefs

Beliefs are the last dimension extracted from the VBN, which involve the concerns related to the
effects of human activity on the environment [27]. These are derived from values, following the idea that
things relevant to those values are under threat. The categories are: (1) Conscious—this category involves
the beliefs of the individuals who accept a new ecological paradigm; (2) Aware—this category classifies
individuals who are aware of the adverse consequences for valued objects due to environmental problems;
and (3) Responsible—this category involves individuals that perceive their ability to reduce the threat and,
therefore, are more willing to take action and adopt sustainable behaviours.

4. Exploring Potential Applications of FOX

The FOX model is promising and based on other scientific contributions, but still needs to be validated,
in order to demonstrate its contribution towards human–environment interaction solutions promoting
sustainability. As a theoretical framework, its potential applications are diverse and can vary over time.
Thus, in order to better understand the potential possibilities that this model can offer, an early study
involving experts in the field of smart environments was carried out.

4.1. Procedure

For the development of this study, several steps were performed. First, a group of eight researchers
and practitioners in the field of computer science and smart environments was selected. Recruitment was
carried out by asking colleagues for voluntary participation. As the approach of this study is qualitative
and exploratory, different degrees of expertise and experience were not differentiated. Due the nature
of the survey, the researchers considered all kind of ideas to be welcome. Therefore, the next step was
to define the method to extract the required information. As most of the participants were already
familiar with the model, implementing an online survey as a method for qualitative data gathering was
decided. This survey was conducted through an online Google form. For this, after introducing the FOX
model, some open questions were asked about the potential applications of the framework. Taking into
account the exploratory nature of the study and in order to encourage reflective answers from participants,
the questions were short, general, and open, inviting individuals to explain their ideas in detail.

4.2. Results and Insights

After the implementation of the questionnaire, the responses were analysed and reviewed. From the
gathered information, some promising ideas and relevant issues that may improve the development of the
model could be extracted. In the following, the insights of each participant are described. Then, the findings
are analysed, exposing the main conclusions of the study. Figure 3 shows a sample of the obtained results.
The gathered data are publicly accessible. (all of the raw data are hosted and available at the following
URL: shorturl.at/hANZ8) All of the respondents to the survey confirmed that the model was applicable
in their field of work (e.g., Internet of Things, demand response, blockchain, or ambient assisted living).
Thus, the obtained information was rich, varied, and diverse. In the following, the most relevant quotes
from each participant are provided.
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Figure 3. A sample of raw data obtained from the qualitative study.

4.2.1. Interviewee 1: Male, Post-Doctoral Researcher in Health-Related Artificial Intelligence Applications

For Interviewee 1, the main application of the model would be to implement personalised
interventions to address health risks: “When proposing the interventions, we usually have to tackle two
problems. First, we need to identify which intervention is better for the specific patient pathologies and the detected
risks. Then, we need to formulate an adequate strategy for the patient to accept the intervention and adhere to
the proposed changes. I think that the FOX model could be useful for this second step. It could be used to define
which are the best strategies for each user depending on their psychological, cognitive and behavioural profiles”.
Thus, the main potential of the model would be identification of the best strategy for behavioural change
for each person. In relation to improvements, the main issues were related to the adaptation of the model
to the health domain: “It would also need to include things like what are the patient’s preferences regarding their
treatments (i.e., some patients may prefer a higher quality of life while living a shorter period of time) and the patients’
capabilities (i.e., some patients may have reduced cognitive capabilities due to several circumstances, so the strategies
would need to be adapted accordingly). The model would need the flexibility to be adapted to different pathologies
(i.e., is not the same to work with elders, cancer patients or patients with multimorbidities)”.

4.2.2. Interviewee 2: Female, Pre-Doctoral Researcher in the Field of ICT in Education

For this person, the model could be applied to implement a “personalised environment during playing an
educational game where gender, culture, personality etc. will be taken into account”. Other relevant application
fields were also related to the educational domain: personalised learning path, educational platform
dropout prevention, engagement with online educational material, and multicultural education. Regarding
the main potential, in the respondent’s words: “providing an environment that does not exclude anyone and
the diversity is taken into account in a positive way and also changes dynamically is the main asset of the model”.
Regarding the improvements, she “would add some dimensions related to student’s specific behaviour and
characteristics”. Furthermore, this participant added a relevant suggestion that should be taken into
consideration: “I understood that the aim of the model is the inclusion of all users but I would be very careful with
the fact that maybe characteristics such as race, gender etc. exclude users from several aspects and might become at
some cases a biased model”.
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4.2.3. Interviewee 3: Male, Post-Graduate Student in Computer Science and Research Assistant in an
H2020 Project Related to Energy Efficiency

The main application of the FOX model for this respondent was related to “evaluating behaviour change
interventions in work environments, such as offering food menus that include less animal meat or none at all”.
Any other applications would include similar measures or strategies that expose the individual to improve
their pro-environmental behaviour. Thus, the main potential of the model was “knowing how to help each
person adopt pro-environmental behaviours without excessive profiling”.

4.2.4. Interviewee 4: Male, Researcher in the Field of Energy Efficiency

For this respondent, the application was related to energy efficiency: “We will use the variables of the
FOX model as external inputs in a causal model that will try to explain the motivations that will push a person
to participate in different actions related to the use of energy. We will do so because it provides a comprehensive
description of the psychological aspects that could explain the behaviour observed”. Besides, he believed that this
model can be applied in different contexts: “we are going to assess 5 aspects: usage of energy, participation on
energy efficiency or demand response actions, installation of distributed generation and the electrification of services”.
For this participant, the main potential of the proposed framework was the understanding that it offers
regarding the psychological aspects of any given behaviour. Nevertheless, this participant set a relevant
challenge, as “it is difficult to define interventions (artificially set a variable to a value) according to the model”,
providing a research question to address in future work: “Have you studied how to foster the change from one
category to other in each of the variables?”.

4.2.5. Interviewee 5: Male, Researcher in the Field of the Internet of Things and
Human-Computer Interaction

The fifth participant also thought that that FOX model was applicable in his field of work. In his own
words: “In my research I have to model users to understand what are their motivations to follow external guidelines or
signals coming from “demand response systems” or “smart grids” to change their typical load of energy consumption.
Therefore, this categorisation seems to be relevant to understand the family unit as a whole instead of individuals.
I might incorporate some ideas from FOX to better understand the intrinsic and extrinsic motivations to behave in
an efficient way when managing energy or to be in line with energy/load signalling”. Regarding other possible
applications of the model, the interviewee suggested the following: “Yes, besides the energy sector. I think that
the model would be beneficial in any vertical application in which the user is involved. For example, sustainable mobility,
recycling, e-government or participation in citizen services”. For this person, the main potential of the model is
its versatility. Nevertheless, a relevant issue emerged from his following insight: “Let me say also the main
drawback I see. I struggle to imagine how to capture/measure in real time all the factors to infer the status of each of the
constructs involved in FOX”. This idea is in line with the answer related to improvements. The participant
stated that he would improve or extend the model by “defining factors and explicit measurements to derive the
levels under each construct. I guess that questionnaires may work at the initial stage. But what if things changes
dramatically? How can a system detect that? What are the implications about privacy? How the user grant access to
their information to draw over its behaviour to detect the stage in which he/she is?”.

4.2.6. Interviewee 6: Male, Researcher in the Field of Artificial Intelligence Applied to Natural Language
Processing and Activity Recognition

For this participant, “In the area of active ageing, one of the objectives is to promote active ageing through a
series of interventions in areas where the patient is falling behind or is beginning to show signs of problems (lack of
socialisation, exercise, cognitive decline). Therefore, if these interventions could be further refined in order to provoke a
more positive reception by the user in accordance with his or her profile, this would be of great help”. Besides, for this
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individual, the model also could be applied “when designing any intervention in any user/patient. That is,
we can set some generic interventions but FOX could help to further refine those interventions so that they have more
effect on users through ad-hoc recommendations. No matter the scope, I am focusing on active ageing but surely it
can be applied to other types of users such as patients with a particular disease, children for education, etc.”. For him,
the main potential of the model was “the facilitation of modelling different types of users taking into account
aspects that are key to achieving a change in someone’s behaviour”. Taking into account these ideas, the insights
gathered in relation to improvements or difficulties were according to measurements and rules to classify
users: “What I find difficult when applying it to my field is how to classify each of the users in those dimensions.
It would be interesting to be able to collect this information in the least intrusive way possible (questionnaires that
are not tedious, hidden questions)”.

4.2.7. Interviewee 7: Female, Researcher and Software Developer in Energy Efficiency-Related
Research Projects

The following participant also agreed on the applicability of the model. “Lately, I’ve been working
on projects which main objective is to apply a set of ICT tools to improve behavioural change. Most of the time,
the software solutions that are developed, even though they are intended to a specific target group, they may not
follow or may not be capable to be adapted to the specific case of each user. Therefore, the software is “static” and does
not accompany the user in the change”. Thus, she believes that the FOX model could help to improve this
issue. Regarding other applications, the respondent asserted that these could be “Tracking citizen behaviour
through Social Networks (could we classify social interactions according to this model?) or tailorisation of adequate
Social Actions/ICT tools needed to, for example, apply a Pay As You Throw scheme in a municipality or prevent
Food Waste”. Besides, for her, “the main potential is that it takes into account several theoretical models to create
a meta-model that analyses behavioural change from several aspects. It identifies the specific characteristics of the
user along the process of behavioural change allowing to determine specific interventions customised to their needs”.
Regarding the improvements and future steps in the development of the model, her answer was in line
with the other participants: “I would improve the model maybe trying to define a set of variables that can determine
how external variables for the environment can affect the intervention”.

4.2.8. Interviewee 8: Male, Researcher in the Field of Next-Generation Internet

For this participant, “we are far away still of being able to produce fully personalised solutions, we must fit into
3-5 categories and that is it. Thus, it is necessary to find more sophisticated user models that enable to tune solutions to
the attitudes, values, beliefs. Still, end users need not to be cluttered with too many extra questions”. The framework
proposed by the FOX model presents a starting point to improve the modelling process, according to these
issues. For this respondent, the application of the model was linked with behaviour change interventions in
the broad sense, as “behaviour change is paramount to give place to more human-centric solutions which are more
acceptable, usable and accessible for end users”. Taking this into account, the potential of the model was linked
to the personalisation of software systems and smart objects. Regarding improvements, this participant

“would analyse the impact that considering each dimension may have in the data gathering task: technical feasibility,
obtrusiveness for users, ethical aspects”.

4.3. Conclusions and Insights for the Potential Future Performance of the Fox Model

After the analysis of the results and understanding the gathered data, we extracted the first conclusions
of the study. For this, the implications of the FOX model were exposed and defined, analysing the relevant
information that should be taken into account when developing and implementing the framework.

The importance of personalised interventions. All of the respondents agreed on the applicability
of the model in their own fields. Furthermore, they also agreed on the potential of the FOX model to
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implement personalised interventions based on specific and related dimensions. Thus, in this preliminary
study, the model appears to be interesting and valuable for the research community in different contexts.
Besides, the coverage of the different theoretical frameworks was valuable for Interviewee 7, reinforcing
the idea of the importance of taking into account the different perspectives of behavioural frameworks to
address the diversity of individuals.

Specific and complementary dimensions to foster the inclusion of individuals. In line with the previous
idea, another relevant conclusion extracted was the importance of complementing behaviour-related
dimensions exposed in the FOX model with non-behavioural dimensions. These need to be specific to
each context and may include social and demographic data to better frame and conceptualise user profiles.
Following the ideas raised by Interviewee 2, it can improve the suitability of heterogeneous user modelling,
in order to avoid the exclusion of vulnerable social groups. Therefore, context is paramount when selecting
dimensions, and it seems that it needs to be done without neglecting profiles (more static characterisation)
and preference analysis (more dynamic and linked with context).

Flexible and updated model to accompany the individual. As Interviewee 7 exposed, one of the
shortcomings of traditional user modelling is static characterisation. For that, the flexibility of the model is
a relevant key point that should be addressed in any of its applications; that is, the system should be able
to detect any change in its categorisation, update the status of the user profile, and offer inputs related to
it. in this way, the system can accompany the individual over time and throughout the entire process of
behaviour change.

Diverse context of application. Another insight extracted from the qualitative study was the
applicability of the FOX model in different contexts. Although this framework was created to foster
pro-environmental behaviour, Respondents 1, 2, and 6 explicitly exposed its possible application to their
own fields, such as education and health. Other possible contexts of application could also be envisaged.
Nevertheless, in order to apply the exposed framework to any given context, it seems crucial to study the
relevant dimensions and/or variables for each context, adapting the model according to them.

Rules and measures to categorise individuals. As this preliminary model proposes a novel classification
mechanism, some participants questioned the idea of how to distribute people. Thus, specific rules and
measures are needed to organise individuals, according to the dimensions, and to define specific interventions
for each of them. How these measures can be set implies the understanding of the requirements of the contexts
and systems and, further, the study of each variable and how it was defined in the original behavioural
theory. Nevertheless, this emerges as a relevant factor to develop and successfully apply a personalised user
modelling framework. Seven lines of study arise from this work—one per variable—in order to analyse how
to monitor and measure them, either in the context of smart environments or using self-evaluation tools.

Neither intrusion nor tedious systems for data gathering. In following with the previous idea, the data
gathered for the modelling should be done with non-intrusive systems that provide a good experience.
Thus, the relevance of the design-specific and non-intrusive data gathering tools emerges as a need to
further develop the FOX model. Nevertheless, how the data can be gathered depends on the technological
capability and the context. Although gathering the data through questionnaires and other traditional
tools can be very tedious, in most cases, data collection can now be done through smart devices and
specific sensors located to capture information with no intrusion, while taking into account the privacy of
the individual.

Avoid biases to foster diversity. As a final conclusion, a relevant insight from Interviewee 2 should be
taken into account: As the FOX models offer early user classification to understand the heterogeneity of
individuals better, it is highly important to be careful with the fact that the inclusion of some characteristics
(e.g., demographics such as gender, race, country, and so on) may bias the model. Thus, the inclusion of
complementary dimensions and the definition of the specific rules for each dimension should be studied
and analysed in detail, in order to ensure that the model does not include any bias.
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5. Applying the FOX Model

Once the main potential applications were explored, we sought to understand how the model can
be applied to tackle user heterogeneity when influencing sustainable actions, when specific user profiles
are defined. Thus, a simple textual example of three possible user archetypes using a Persona [14,15] is
used in the following; these profiles are described below. In addition, Figure 4 shows the Persona of Jon,
Figure 5 the Persona of Lily, and Figure 6 the Persona of Sua.

Figure 4. Jon and the main characteristics that are included in the profiling at the initial stage.

Figure 5. Lily’s Persona profile and her main characteristics at the initial stage, according to the FOX model.
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Figure 6. Sua’s Persona profile and her main characteristics at the initial stage, according to the FOX model.

5.1. Developing User Profiles: Jon, Lily, and Sua

In the following, three Personas are exposed by defining and understanding all the relevant aspects
to envision the user archetype as a real individual. These profiles were developed taking into account
the different personalities proposed in the FOX model. Thus, Jon is a Shortcut user, who makes choices
to minimise effort; Lily is a Thoughtful user, who analytically thinks about what she is doing and why;
and Sua is a Pinball user, who reacts simply to inputs, doing the same thing each time the same stimulus is
applied. These user profiles have been categorised in the context of the FOX model, complementing the
dimensions with demographic data and other insights to enrich the modelling and to take into account
other relevant dimensions that complement and contextualise the archetypes.

5.1.1. Jon

Jon lives in Berlin with Peter and Zero (their dog). He is a 34-year-old architect who recently started a
new job in a very prestigious architecture studio. He is a hard-working person who is always worried
about being efficient and productive in his life. He is very familiar with technological devices and gadgets.
He has been a fan of the Apple brand for a long time. At present, he owns two Macs, an iPhone, an Apple
Watch, AirPods, and an iPad. He likes rock music and going to music concerts. Jon is not a sporty person,
but he tries to stay active in his everyday life. Therefore, he goes walking whenever possible and goes
hiking on the weekends. Since he was a child, he has loved dinosaurs. He has a great collection of books
and other related stuff. His perfect weekend is a concert with friends on Saturday and watching Netflix
and relaxing on Sunday. Jon is conscious of the environmental situation and its importance. He cares
about the situation of people in danger, and most of his friends are very active in this field. Indeed,
pro-environmentalism is a common topic in his everyday life. Due to this, Jon somehow aspires to improve
his lifestyle according to his concerns. For example, he eats less meat, and he tries to reduce his waste
output. Nevertheless, as he has many things on his mind, he does not make any relevant effort to improve
the impact of his actions. He often thinks about it and feels guilty, but due to the fact that he finds it
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complicated to make any meaningful impact on the environment, he does not behave fully responsible in
terms of sustainability.

5.1.2. Lily

Lily lives in Catania, Italy. She is a 43-year-old woman who lives in a small flat in the city centre
together with her two cats, Milos and Alfred. She loves her small flower shop and works hard on it.
She is an open-minded person who is calm, optimistic, and polite. She enjoys everyday contact with
people and loves working with flowers and plants and being in natural environments. She uses social
media in her daily life, mostly to promote her business and to deal with customers. Indeed, she prefers
personal relationships. She practices yoga and Tai-Chi once a week. She reads a lot; most of the books
are historic and noir novels, and as she is a dreamer, she enjoys visualising herself in these adventures.
Lily is a convinced vegan, although she does not like persuading others about it. Her perfect weekend
is travelling outdoors to discover landscapes by walking in the middle of nature, followed by having a
coffee and cake in a nice place. Lily is very aware of the environmental situation. She feels responsible for
it, and she is very active in doing her best to reduce her environmental impact. For Lily and her friends,
being environmentally conscious is very important; therefore, they always make the most environmentally
friendly choices when eating, travelling, buying groceries, and so on. She always reflects on her actions
and tries to improve her behaviour. Nevertheless, she feels that some environmental issues are out of her
control, and she feels frustrated about it.

5.1.3. Sua

Sua (58) lives in Barcelona with her husband Josu. They have two sons, Mikel (29) and Aitor (33),
who moved out a few years ago, but live near them, at their own places in Barcelona. Sua is a teacher at a
high school with 15–16-year-old students. She has worked there for more than 20 years, and she is happy
there, although she thinks very often about retirement. Although Sua and her family do not have big
problems, Sua is always worried and concerned about her husband and her sons. Sua and Josu love going
to the beach. They own a house in a small village near the sea, and they go there very often. Sua likes
cooking and gardening, growing vegetables in the small garden they have in their country house. Her
perfect weekend is going to the beach early in the morning, then preparing and enjoying a big lunch for all
of her family with her own raised vegetables. Sua is not really concerned about the environmental situation.
She recognises that it is a problem, but she does not feel it is her problem. She believes that this situation
is a direct consequence of the poor management of politicians, and she does not feel responsible for it.
As she is constantly worried about her family’s economics, she is worried about the specific behaviours
that have a direct impact on them, such as the monthly bills. Nevertheless, as she does not think about her
actions, she has made some improvements (due to her sons) without noticing them.

5.2. Understanding Actors in Their Context

Once user profiles are defined, the next step is to underpin how these archetypes perform their
sustainable behaviour by applying the FOX model in the context of smart environments. For that, the first
step is to set the main stages and actions of the implementation process to identify the critical areas.
Figure 7 shows the workflow defined to apply the FOX model. This tool will help to detail the specific
tasks and stages of the process to gain knowledge on how the system will work. Based on the workflow,
three specific scenarios are developed, one for each user model: (1) The scenario of Jon is contextualised
in his workplace. In this open space, the main devices are shared with other colleagues, but they have a
smart system that can detect individual actions and give personalised inputs according to them. Figure 8
exposes the performance of the model in this case. The main device involved in this context is an app that
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offers information and other features. As Jon’s workplace is a smart office, this app is connected to the
different sensors of the office. (2) The context of Lily involves her home. She has just one smart device,
a smart meter, which can learn from Lily’s behaviour and predict her actions, reinforce her behaviour,
offer recommendations, and suggest automation strategies. Figure 9 shows the workflow of this scenario.
(3) The last scenario involves Sua and her family. Their context involves a smart home (an individual
space with a smart system installed), where the key factor is the inclusion of different profiles, offering
common interventions to reinforce the group, as well as personalised inputs, according to the different user
profiles. In this way, all the individuals have a common goal while preserving their personal preferences.
Thus, they will feel a part of the group while maintaining their individuality. The devices involved in this
scenario are mainly the app and other home appliances connected to the Internet, such as the vacuum
cleaner, the lights, and the thermostat. Figure 10 visualises the process of this context. In the following
lines, the three scenarios are described, aiming at understanding how the individuals would perform their
activities, taking into account the framework proposed by the FOX model.

Figure 7. The workflow defined to identify the main stages in the application of the FOX model.

Figure 8. The key stages of Jon’s scenario.
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Figure 9. The key stages of Lily’s scenario.

Figure 10. The key stages of Sua’s scenario.

5.2.1. Jon and His Workplace

At Jon’s new job, they are very concerned about the environmental impact of their buildings. They try
to reduce the energy demands of the buildings they design and try to consider the sustainability of
their workplace. Due to this, they have installed sensors across the building to capture data and
optimise the usage of processes and devices. Furthermore, they created a smartphone app named
Foxi, which offers feedback and data about environmental concerns to motivate and influence workers.
This application includes four main sections: (1) Information, where different data and information
related to sustainability are provided; (2) Control, where the user can connect to devices and control them;
(3) Social, where an individual can interact with other people; and (4) User settings, in order to manage
user profiles and to personalise some features. This application was inspired by a prototype presented in a
previous research work [8], where user diversity was addressed by offering personalised strategies and
techniques. Nevertheless, with the inclusion of the dimensions presented in the FOX model, the Foxi app
could offer more complex and personalised strategies than the initial prototype.

Understanding Jon. In his second day at work, at lunchtime, Jon decides to download and use the
app that his company developed, in order to boost his awareness about the importance of sustainable
behaviour. To create his profile, he answers some questions in the app. Next, he goes to his desktop and
works normally. In the following days, the smart environment of the workplace obtains relevant data
about Jon, and by comparing it with the data of the app, a preliminary categorisation is implemented:
(1) Jon is categorised as a contemplator, as he recognises some problematic behaviours and thinks of
how to improve them; (2) his values are categorised as altruistic; (3) Jon has been included in the aware
category, taking into account his environmental beliefs; (4) the Subjective Norm of Jon is medium: in his
work environment, the norm is very high, but in other environments (e.g., at his home), there is not
a pro-environmental norm; (5) the attitudes of Jon regarding sustainable behaviour are categorised as
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medium; (6) the behavioural control of Jon in the context of his workplace is low; and (7) the personality
of Jon is categorised as Shortcut.

Implementing interventions. Once Jon has been located in the dimensions of the FOX model, specific
interventions can be implemented to improve his pro-environmental lifestyle awareness. Taking into
account the existing categorisation of Jon, the following strategies are implemented: (1) In order to motivate
Jon to change to the next stage, preparation, the application gives information about the benefits of being
sustainable. (2) The Foxi app offers a data visualisation of the impact of climate change on other people
in different parts of the world, in order to enhance the importance of sustainability values. Jon can also
access other relevant data related to other factors (e.g., economic information and information about the
impact on animals and plants). (3) Taking into account the data gathered by specific sensors in Jon’s
workplace, they decide to implement an awareness campaign showing the data of the average energy
waste of a single individual at work and tips to avoid it, aimed at motivating workers to be responsible
with their own actions. (4) To boost the Subjective Norm in relation to sustainability, the Foxi app shows
the profile and data of prominent pro-environmental people (in this case, famous architects). Further,
it offers a social network to boost relationships with other people with similar interests. (5) Aiming at
enhancing pro-environmental attitudes, Jon’s company showcases a documentary film about the impact of
climate change. (6) The Foxi app offers reminders that can be personalised by Jon. In this way, he does
not forget to turn off his devices when leaving the office. Finally, (7) as a Shortcut user, he makes the
effortless choice. Therefore, the Foxi app has every single process set by default (favouring the most
pro-environmental options).

Updating the model. Once the interventions have been implemented, the next step is to compare
whether there have been improvements in motivation about sustainable behaviour. Through a short
survey (using the Foxi app) and the data gathered by the smart environment, the new status is recognised,
and the model is updated. (1) After the interventions, Jon started to plan new pro-environmental actions.
Therefore, the model updated this dimension, and now, Jon is in the preparation stage. (2) The values
of Jon were aligned with pro-environmental issues, and now, the altruism of Jon involves sustainability
concerns. Besides, he has consulted data related to expenses and money saving. Therefore, the Foxi app
improved the visibility of these data, and the categorisation of Jon changes from the altruistic to the egoistic
dimension, depending on the most-viewed data. (3) Jon has taken responsibility for the environmental
problem. Therefore, his categorisation changed to responsible. (4) After the interventions, the Subjective
Norm of Jon rose and is now categorised as high. (5) In the update of the model, the attitude of Jon
about sustainability rose, and Jon now has a high pro-environmental attitude. (6) After the interventions,
the behavioural control of Jon was categorised as medium. (7) Jon maintains the Shortcut behaviour,
most of the time, but the system detected that (mostly on the weekends), he checked other data (such as
his historic energy expense). Therefore, in those days, the app will give feedback to boost his knowledge
and to help him to learn about his behaviour.

5.2.2. Lily at Her Home

Lily is very aware of her pro-environmental behaviour. She always tries to make the most sustainable
choices, and therefore, she wants to manage the energy expenditure of her house efficiently. For this reason,
following the advice of a friend, she bought a smart meter. This device is connected to the main electricity
board of her house and gathers information about her electricity consumption. It is also connected to
the Internet and has a linked mobile application to visualise and manage some settings. In the words of
Lily’s friend, “this will help you a lot to understand your consumption patterns and to save energy accordingly”.
With this idea in mind, she acquired the device, and after some difficulties and two calls asking her friend
for help, she finally succeeded in installing it and making everything work.
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Capturing and learning. When opening the application for the first time, Lily introduced some
data about herself and her lifestyle. At this moment, her profile was created (combining the dimensions
proposed by the FOX model with other demographic data) and saved into the server. Then, Lily can tap
into some sections, researching and seeking some information. She can visualise the energy consumption
of her house and also other relevant information that she did not know. She was very happy, as she
could now understand her energy consumption and waste better. Besides, she learned when the energy
was less expensive and greener. In the following days, Lily continued checking the app for information.
Throughout the process, she learned a great deal, both about general sustainability tips and about her own
consumption patterns. She also became very active on the social network of the app. During these days,
the system captured data and updated the model periodically, learning about Lily’s lifestyle, preferences,
and consumption patterns.

Predicting and forecasting behaviour. After a few days, the system learned enough information and
was able to make predictions. Lily is still interested and tries to learn, but as she is a very regular and
pro-environmental person, her chances for making improvements are minimal. One day, she received a
notification from the app: “Predictions are now enabled!”. She taps on it and discovers a new section.
Here, she sees a historic visualisation of her past consumption. She also finds a forecast of her expected
future consumption and a short summary of future predictions related to her behaviours and actions.
This was a nice surprise for Lily, as now she can learn about the future and about the impact of her actions.

Recommending, reinforcing, and automating. Once the system is able to predict the actions
of Lily, some new interventions can be offered, in order to improve her motivation and to support
her pro-environmental behaviour. These are grouped into three main actions: recommend, reinforce,
and automate. Based on the predictions created, taking into consideration the FOX model, the system can
recommend personalised interventions to boost the motivation of the individual. These can be varied and
diverse; for example, information related to Lily’s values and beliefs, ideas and strategies to improve her
behavioural control, and other data related to the impact of her actions can be offered. The system can
also reinforce Lily’s future behaviour by offering rewards and other motivational inputs. Finally, taking
into account the predictions of the system, some actions may be automated. For example, as Lily spends
most of her day at work, the system can suggest to her to automatically switch off the devices that are not
needed when she is out, turning them on just before her arrival.

5.2.3. Sua and Her Family

Sua is on vacation with her husband and sons. They just arrived home from the beach. While some of
them go to their bedrooms to change their clothes, the others go to the kitchen to prepare some snacks and
drinks while they wait their turn for the shower. They speak about what they are going to prepare for
lunch while they check what is available in the fridge. At some point, Sua remembers that the tomatoes
in the garden are at the perfect point to be harvested, so she goes outside to check them. While walking
back to the kitchen, Sua checks her phone. She finds a notification offering ideas for preparing dishes with
home-grown vegetables, so she opens the app and searches for tomato salad recipes. Now, in the kitchen
again, she chats with her son about the app. He reminds Sua that the app is connected to other devices,
such as the lamp or the coffee maker. These devices were a gift from last Christmas from Sua’s sons to
their parents. As they know that their parents love being at that house and taking care of the garden,
they invested their money to transform the beloved beach house of their parents into a smart home.

Creating profiles and spaces. When Mikel and Aitor installed the devices, they also installed the app
in their parent’s smartphones. Each member of the family created a profile, and the sons taught their
parents how to quickly use the management system. Josu liked the system and got used to it very fast.
It was quite easy for Sua as well, but she did not really care much about it; so, she ended up forgetting what
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she had learned. Nevertheless, Josu was a frequent user of both the app and the connected smart devices;
for example, Josu had automated the vacuum cleaner, and he checked the app very often. His preferred
feature was space management: as he is always the one managing the gadgets of the house, he can check
such common features as their energy and water expenditure and other shared devices, as well as checking
his private area, where he can find personalised information and content.

Analysing similarities and differences. While Sua is chopping tomatoes to prepare the lunch,
Josu reminds her about the fancy functions that their smart home has. Sua notices some improvements;
for example, she acknowledged that the automatic vacuum cleaner is a really nice device that allows her
to not worry about cleaning the floor. At that point, Josu starts speaking about other things that Sua did
not notice. Thus, she checks the app in her phone. In her private area, she finds out that her stats and
information are different from what Josu had shown her in his phone. Indeed, she can edit the information
she can see, according to her preferences. in this way, she sets the feature to see how much money they
save, regarding their pro-environmental behaviour.

Common and personalised interventions. The family is enjoying lunch after their beach day.
Sua continues chatting about the re-discovered app, as she is very happy with the new functions she has
learned and is really excited as she can manage money better now. While their sons are joking about the
fact that it took some months to discover the benefits of their present, Sua wonders about the “Challenge”
feature. They explain to her that this is a feature that involves all of the family members. It is a competition
among different groups of user, where the most pro-environmental group wins. Sua checks the ranking,
and the family starts speaking about their possibilities in the challenge. Sua is happy because all the family
is excited about a common goal, which she likes. She invites her family to participate in the challenge
together; however, she is worried, as she liked the other personalised features she discovered, such as the
“recipe advisor” and the “money saving calculator”. She asked her sons: “So ... If I join a challenge with
you, will I lose my private settings?”. They answer: “No mum, the system offer us common features as a family,
but you still have your own space, based on your preferences and activities”. With this idea in mind, Sua was
happy because she could have a common activity with her family where of all the different members are
included, but still keep her own space to check her personalised content.

5.3. Conclusions and Insights

From the development of the exposed Personas and/or user profiles, some insights that can serve to
guide future research work can be extracted. First, it can be ensured that the developed user archetypes
provide valuable information and may improve the understanding of the real users. Besides, the complexity
of the individual is addressed through the inclusion of the dimensions proposed in the FOX model,
in combination with other demographic attributes. In addition, the proposed profiles could help to
identify the emotions and feelings related to pro-environmental behaviour. Finally, the contextualisation
of individuals in their own context, the novel categorisation framework, and the identification of specific
barriers (see Figures 4–6, where the barriers are included under the “Pains” section) are other benefits.
From the proposed case studies or scenarios, the main contribution may be the understanding of how each
user archetype performs his/her behaviour in his/her own context. This idea could help researchers and
practitioners improve their understanding of the performance of individuals in the context of sustainability.
Through these case studies, the performance of the model can be exposed: in the first example (Jon),
the performance of the model was centred on the implementation of personalised interventions; in the
second case, the performance was focused on behaviour prediction and forecasting; finally, in the third
case, the performance of the model was centred on the management of different profiles and contexts
(combining private and shared spaces).
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6. Discussion

In this paper, the potential applications of the FOX model were explored. For this purpose, a qualitative
survey with experts was performed (Section 4), with the framework applied to the development of
three user archetypes (Section 5.1) and case studies (Section 5.2). This follows the line of other authors,
such as He et al. [17], Coskun and Erburg [19], and Lockton et al. [31]. Nevertheless, as the FOX model
combines four behavioural frameworks, it may cover several complementary points of view that can help
to understand, in a more accurate fashion, the complexity of the individual in different contexts. Of course,
these characterisations could be improved by understanding and embracing other relevant issues, such as
the specific barriers inherent to each profile. After the development of three Personas (or user profiles),
in order to gain knowledge about the behaviours of individuals in their own context and to improve
understanding of the performance of the model, three use cases were developed, exploring three different
modes of implementation of the FOX model: (1) personalised interventions, (2) prediction and forecasting,
and (3) individual and collective interventions. The difference between user archetypes or Personas and
case studies is that the former explores an individual’s universe and his/her complexity, while the latter
explores how these archetypes perform their behaviours and interact with the system in any given context.
In this way, the development of Personas may help to better understand individuals, while the development
of the case studies may help to comprehend how these user archetypes interact with the system in their
everyday life. Furthermore, although more research is needed to validate the findings, the possibilities
the FOX model offers can be envisaged through these scenarios. Furthermore, the implementation of the
ideas can be conceptualised in an early stage of the process, in order to test whether an idea or intervention
works in a given context, before investing resources into it. This is in line with the BCW [40], a behavioural
approach where a variety of dimensions are covered. Nevertheless, the work presented in this paper
addresses the flexibility of individuals, proposing a dynamic and multilevel characterisation that may help
to improve the understanding of the complexity and variability of people.

Another critical factor that should be considered is the importance of complementing the dimensions
of the model with other specific data. From the results of the questionnaire, we conclude that the
dimensions should vary depending on the context of the application, complementing the core dimensions
of the model with other information such as demographic variables. Besides, the proposed case studies
show also how the usage of non-behavioural dimensions is a paramount issue. This idea may enhance the
inclusion of diverse profiles, especially of the most vulnerable ones. However, how the complementary
variables are gathered and selected must be carefully studied to avoid biases in the user modelling process.

Additional relevant topic that should be further investigated relates to the way that rules and measures
for classifying individuals should be set up. As the results of the qualitative study show, in order to
implement the FOX model in the user modelling process, specific measures are needed to include the
individual in each category, depending on their characteristics. For this, the behavioural theories and
frameworks must be taken into account, in order to maintain the original settings and classification
procedures. Nevertheless, as some respondents stated, data gathering is typically tedious. Therefore,
complex questionnaires should be avoided, and the required data should be captured using tools and
methods that provide a positive experience. Thus, the rules of each dimension and how the data are
gathered should be studied in the specific context of the application. Furthermore, available technologies
must be also taken into account; for example, in smart environments, data gathering can be done through
non-intrusive methods, by using sensors and other smart devices that maintain the privacy of people.

Finally, from the qualitative study, we also extracted how the FOX model can be applied to different
contexts. From health to education, the model may be implemented to cover the diversity of individuals
when developing interventions in any target population. Nevertheless, as previously indicated, the selection
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of the dimensions, the development of specific rules and measures, and the implementation of data gathering
tools must be carefully considered, in order to adapt and apply the model successfully.

To provide a summary of the main insights and findings of the presented research work, Figure 11
exposes the specific ideas and contributions obtained from each stage of the research process: the qualitative
survey explained in Section 4 and the case studies developed in Section 5 (Personas and scenarios).

Figure 11. The main insights and findings of the research work presented in this paper.

7. Conclusions

In this paper, a holistic meta-model (named FOX) that classifies individuals by taking into
consideration the behavioural dimensions related to pro-environmental behaviours was presented.
The FOX model seeks to consider the heterogeneity of the individuals through a dynamic categorisation
method with the objective of offering a flexible framework. Aiming at understanding how the model could
perform to boost an individual’s behaviour, an exploratory qualitative experiment was conducted. In this
study, eight experts in the computer science and smart environments fields reflected on the fox model and
its potential uses. Then, the mechanisms and processes to apply the FOX model were detailed by defining
a guiding procedure (workflow to follow) in order to identify the key tasks and actions needed to put
FOX in practice. Moreover, seeking further applications and new insights, this model was applied to the
modelling of three specific user archetypes, in order to understand the different concerns of the individuals
in relation to sustainability. Furthermore, three case studies were exposed, each of them involving one
user profile in the context of smart environments. These use cases demonstrated how the model can
perform in different scenarios. From the presented work, it can be concluded that the FOX model is
promising, as it is flexible and extendible, for researchers and practitioners in the field of behavioural
research, as well as for computer scientists aiming to better understand users. Moreover, the results of
the study show that the model may be applied in the context of smart environments, in order to foster
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pro-environmental behaviour. Furthermore, the application of the framework to other potential contexts
(e.g., health and education) is feasible, by including variables and dimensions specific to the context.
The application of the FOX model when defining user profiles and scenarios could provide valuable
knowledge for improving the understanding and inclusion of individuals when designing and developing
technologies. Although further research is needed to consolidate the findings and insights presented
in this paper, the present work sets a starting point to develop a human-centric approach and to target
user needs when coping with forming or increasing pro-environmentalism and eco-awareness. Finally,
from the present work, some improvements and reflections could be extracted, setting specific future
research lines. This future work should be evolved, in order to extract more knowledge and consolidate
the findings presented in this paper. These next steps are: (1) define the tools that allow for measuring
dimensions, stages, and characteristics of the meta-model; (2) test the model with different groups and
individuals (i.e., specific target users, researchers, practitioners, and so on), in order to include valuable
insights from different points of view and to validate the proposed framework; (3) complement the model
with other specific and context-related dimensions that may influence user behaviours; and (4) explore the
application of the model with different methods in different processes, in order to better understand its
possibilities. Finally, another iteration of the whole research process (see Section 1.1) may be implemented,
in order to refine and validate the knowledge exposed in the present work.
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“Do you understand,” said the other,  
“that this is a tragedy?”

“Perfectly,” replied Syme;  
“always be comic in a tragedy.  
What the deuce else can you do?”

G. K. Chesterton, The Man Who Was Thursday
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In this chapter, the main results and conclusions of the research work are detailed. Thus, 

in order to close the present dissertation, the objectives exposed in Chapter 1 are exam-

ined aiming at evaluating the achievement of them. In addition, a review of the main 

contributions presented throughout this thesis is exposed, including the publications 

related to this PhD dissertation. To conclude the research work, future lines are set and 

defined, in order to set the upcoming research objectives. 

The rest of the chapter is structured as follows: Section 6.1 includes a summary and main 

conclusion of the research presented in this thesis. Next, Section 6.2 lists the contribu-

tions of this dissertation. Section 6.3 explains the achievement of the objectives exposed 

in Chapter 1. Then, the following section (Section 6.4) lists the scientific manuscripts 

published during the development of the present research work. Finally, Section 6.5 

introduces some future research lines.  

6.1 Summary and conclusions

In this thesis, the importance of taking into account diversity when promoting pro-en-

vironmental behaviour has been established. During the different stages of the research 

work presented in this dissertation, this idea has been validated and addressed to define 

and develop a specific framework that will help researchers and practitioners at imple-

menting successful solutions. 

From the revision of the state of the art, we discovered the lack of validated studies to 

address diversity when promoting sustainability, and the difficulty to implement suc-

cessful strategies due to the variety of behavioural approaches. Besides, the most relevant 

challenges in the field have been identified, exposing the key issues that should be taken 

into account in the following research steps. 

Once relevant insights were identified, an incipient theory developed from a long-term 

study has been studied. The emerged themes from the analysis of qualitative insights 

set the most relevant dimensions that should be taken into account when implementing 

pro-environmental strategies through technological systems (i.e. interaction, mediator/

emotion, attachment/confidence, use-context and behaviour). Besides, these qualitative 

findings have been analysed to offer design-insights that will help and guide the im-
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plementation of these ideas. Thus, through these insights knowledge from qualitative 

research is summarised to offer practical information that can be easily understood and 

applied. 

In order to test the importance and accuracy of these findings, a novel device has been 

created, implementing the emerged design ideas. Thus, the IC includes a wide range of 

features addressed to boost the sustainable behaviour addressing the diversity through 

the application of a novel theory. Nevertheless, although the results of the experimenta-

tion show some promising findings (e.g. its acceptance and initial attachment, relevance 

as reminder, its key role to start conversations…), the IC was not complex nor dynamic 

enough to fulfil the needs of the diverse target users. Since it was designed taking into 

account only two behavioural approaches ([21] and [26]),  other relevant dimensions of 

individuals were not included. This lack of complexity and the absence of dynamic and 

personalized feedback have been critical factors that caused individuals to stop using the 

device. Therefore, the diversity in individuals makes necessary a dynamic strategy, be-

cause the evidence shows that different people need and/or want different features and 

inputs and usually the researchers fall in the pitfall of “one size fits all”.

Thus, the next step in the research process was to set a more complex theoretical frame-

work that includes the main approaches to boost sustainable behaviour. This framework, 

coined FOX, offers an overview of the key dimensions that are involved in the behavioural 

process. Nevertheless, this model is not static: the dimensions and connections must be 

reviewed and studied carefully when implementing them into a specific context. 

Once the model is defined, to validate its relevance and to explore its potential application 

a qualitative survey was conducted with eight experts in the field. From this survey it was 

discovered the promising value of the model for the community, and the potential appli-

cability to other fields such as health or education. Finally, other relevant insights were 

gathered as to the importance to set specific rules for each dimension and sub-category, 

in order to measure the performance of behaviours and actions.   

Aiming at better understanding the implementation and performance of the FOX mod-

el, three case studies have been defined. These cases have been created by defining 1) 

Personas: an ideation of a user-archetype that will include all the relevant information 

of the individual. This helps at envisioning the target audience in a realistic and com-

plex way; and 2) Scenarios: a description of a situation where the Personas interact with 

technological systems that apply the FOX model. Hence, through these examples we can 

comprehend the impact of the model in the individuals and how it can be implemented 

into different contexts and through different devices and systems. 

Finally, the key conclusion emerged from the findings presented in this dissertation is 

the identification of a holistic approach for addressing the diversity of individuals when 

designing interventions in the context of pro-environmental behaviour. This approach 

sets a structure composed of two main elements: 
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1.	 A framework to address the ideation and development of technological systems. The 

emerging themes and design insights exposed in Chapter 4 addresses the key 

dimensions that must be taking into account to develop technological solutions. 

Besides, the specific design-insights offer guidance on how to apply these key 

themes into the design process. 

2.	 A framework to understand the individual. The FOX model (Chapter 5) proposes 

a scheme to understand the main constructs and relations of the dimensions 

involved in the individual in relation to behaviour change. 

Therefore, the resulting framework helps to address the diversity understanding the key 

insights from both people and device’s side. Figure 11 shows the diagram of the approach 

presented in previous lines. 

Figure 11. The diagram of the holistic framework created after analysing the 
findings of the research presented in this dissertation.

To sum up and taking into account the research process described throughout the pres-

ent dissertation, we can conclude that this thesis contributes to improve the existing 

knowledge when addressing diversity in the context of sustainable behaviour. This has 

been done by following a human-centric procedure understanding the complexity of peo-

ple by improving the experiences derived from the interaction with the systems. 

5 KEY THEMES
DESIGN INSIGHTS
QUALITATIVE FINDINGS

FOX MODEL
3 USE CASES
QUALITATIVE FINDINGS

COMPUTER HUMAN

HCI FRAMEWORK FOR PROMOTE DIVERSITY 
IN THE CONTEXT OF PRO-ENVIRONMENTALISM
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6. 2 Contributions and objective validation 

As exposed in previous chapters of this dissertation, the knowledge and findings emerged 

from this thesis are rich, diverse and promising. In the following lines, a summary of the 

contributions is presented, aiming at offering an overview of the inputs exposed through-

out this thesis. These contributions are linked with the specific goals stated in Section 

2.1. In addition, Table 1 shows an overview of the objectives and contributions. 

1.	 An updated analysis of the state-of-the-art. The research work and findings exposed 

in Chapter 2 offer an overview of the current situation of the related works in 

the field. As we exposed in the mentioned chapter, findings show that it is still 

complicated to select the best intervention strategy. Besides, as we exposed in 

this chapter, most of the reviewed frameworks implement a narrow perspective 

when defining user-categories, and thus, the existing approaches lack accuracy 

and efficiency when facing diversity. This contribution is directly linked with the 

achievement of O1 (to study and analyse the current state of the art). 

2.	 Definition of design hypotheses linked to emerging themes based on qualitative find-

ings. In order to gain knowledge on how to design technological systems to boost 

sustainability, we identified five emerging themes from an incipient theory 

based on qualitative findings from a long-term study. This contribution helps 

to identify and apply key strategies when designing interactive devices to face 

pro-environmental behaviour. This is in line with O2 -to identify the key di-

mensions for designing technologies addressed to boost the pro-environmental 

behaviour- due to the identification of the themes from the emerging theory 

presented in Chapter 3. Besides, the design insights exposed also in Chapter 3 

fulfil O3: to extract and define evidence-based design ideas of the most relevant 

dimensions for sustainable behaviour change.

3.	 Design of a novel interactive device implementing theoretical findings from previous 

stages. As a result of the theoretical research, some valuable findings have been 

discovered. Then, these have been implemented in a novel device by providing 

interactive feedback to promote awareness towards sustainable behaviour. This 

contribution, detailed in Section 3.3, addresses the O4 (To implement theoret-

ical findings in an interactive everyday object addressed to enhance the impor-

tance of maintaining sustainable actions). 

4.	 Long term experimentation and analysis of the Interactive Coaster. The evaluation 

of the IC exposed in Section 3.4. helps the HCI community to understand the 

main challenges and requirements for implementing pro-environmental stra-

tegies in technological devices. The findings of the long-term study show that 

the interaction with the device was satisfactory and provided positive experien-
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ces and feelings. This contribution is related to O5 (to analyse if the proposed 

solution offers positive experiences and interactions through personalised strat-

egies). Besides, through the qualitative analysis we discovered that the IC also 

improved the attachment, discussions, and awareness about the importance of 

sustainable behaviour, an idea directly linked with O6 (to analyse if the pro-

posed solution enhances the awareness towards sustainable behaviour). 

5.	 The FOX model: a novel meta-model to understand user diversity. After the analysis 

of the findings exposed in Chapter 3, some challenges were discovered (see Sec-

tion 3.5). Thus, the next step was focused on the improvement of the theoretical 

background addressed to face the personalised feedback. Since we discovered 

that user profiles should be dynamic and include a wide range of dimensions, 

we proposed the FOX model, a framework that comprises the most common 

behaviour change models dynamically. This contribution fulfils the O7: to im-

plement findings extracted from the evaluation in a new theoretical framework. 

6.	 Exploration of the main concerns and potential applications of the FOX model. After 

the definition of the FOX model, a qualitative survey was conducted among ex-

perts in the field, validating the scientific value of the model and discovering the 

main concerns of the proposal, as the need to define measures and rules on how 

to categorise individuals. This is in line with O8 (to identify the challenges and 

opportunities related to the proposed framework). Besides, the applicability of 

the presented model was also analysed and validated, and other application con-

texts were discovered. These findings address the O9: to analyse the potential 

applicability of the theoretical framework and its main requirements. 

7.	 Development of three case studies addressed to understand the performance of the pro-

posed framework. Finally, after understanding the most relevant concerns of the 

FOX model, it was applied into three case studies to offer an example of how to 

apply the framework to improve the knowledge about target individuals, their 

motivations and their lifestyles. This was developed using Persona-Scenario me-

thod, and it provides an overview on how the performance of the FOX model 

through three different approaches would be, considering specific technological 

solutions and user archetypes. Thus, through this last contribution the O10 is 

achieved (to apply the proposed framework to gain understanding on how to 

face an individual’s heterogeneity dynamically).

 



112

 

As exposed previously, throughout the different research stages, specific steps have been 

followed to gain understanding on how to address the diversity of individuals. Thus, the 

main contribution emerged from this thesis is the creation of a holistic framework for 

tackling the heterogeneity dynamically when implementing strategies to address sustain-

ability. This contribution is directly related to the achievement of the main goal defined 

in Section 1.2: “To define and develop procedures and frameworks to address user diver-

sity when designing to foster pro-environmentalism”.

Thus, the hypothesis stated at the beginning of the present research work -“Addressing 

the diversity of individuals when designing behaviour change strategies in the context 

of pro-environmentalism improves the awareness and performance towards sustainable 

behaviour”- has been fulfilled by accomplishing the main objective the subsequent spe-

cific goals. 

Table 1. The objectives defined in the Chapter 1 are linked to the contributions and publications. 

	 OBJECTIVES	 CONTRIBUTIONS RELATED  

PUBLICATION

O1. To study and analyse the current state of the art An updated analysis of the state-of-the-art. Chapter 3

O2. To identify the key dimensions for designing technologies 

addressed to boost the pro-environmental behaviour

Definition of design hypotheses linked 

to emerging themes based on qualitative 

findings

Chapter 4

O3. To extract and define evidence-based design ideas of the 

most relevant dimensions for sustainable behaviour change

O4. To implement theoretical findings in an interactive every-

day artifact conceived to stress the importance of maintaining 

sustainable actions

Design of a novel interactive device imple-

menting theoretical findings from previ-

ous stages.

Chapter 4

O5. To analyse if the proposed artifact offers positive be-

havioural interventions to heterogeneous individuals.

Long term experimentation and analysis of 

the Interactive Coaster.

Chapter 4

O6. To discover qualitative insights regarding the connection 

between the solution and the awareness towards sustainable 

behaviour

O7. To implement findings extracted from the evaluation in a 

new theoretical framework

The FOX model: a novel meta-model to un-

derstand user diversity.

Chapter 5

O8. To identify the challenges and opportunities related to the 

proposed framework

Exploration of the main concerns and po-

tential applications of the FOX model

Chapter 5

O9. To analyse and discover the potential applicability of the 

theoretical framework and its main requirements

O10. To apply the proposed framework to gain understanding 

on how to face individuals’ heterogeneity dynamically

Development of three case studies ad-

dressed to understand the performance of 

the proposed framework

Chapter 5
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6. 3 Publications and awards

As a result of this research work several scientific manuscripts have been published in 

different journals and conferences. In this section we introduce these publications and 

their associated references. 

6. 3. 1. Publications comprising this dissertation

The main results exposed in this thesis have been published in several International JCR 

Journals. 

The first manuscript, included in the Chapter 3 of the present thesis, is related to a review 

of the state of the art, and it was published in the following journal: 

*	 Ane Irizar-Arrieta, Oihane Gómez-Carmona, Aritz Bilbao Jayo, Diego Casa-

do-Mansilla, Diego López-de-Ipiña, Aitor Almeida. (2020) “Addressing Be-

havioural Technologies Through the Human Factor: A Review” In IEEE Access. 

vol. 8. p. 52306-52322. DOI: 10.1109/ACCESS.2020.2980785. JCR Impact Fac-

tor (2020): 3.745, Q1. November 2020.

Also, the next stage of this dissertation, where the theoretical scope and implementation 

of the theoretical findings is exposed, has been included in Chapter 4 and published in 

another relevant journal (International Journal of Human-Computer Studies). 

*	 Ane Irizar-Arrieta, Diego Casado-Mansilla, Pablo Garaizar, Diego López-de-Ip-

iña, Aiur Retegi. (2020) “User perspectives in the Design of Interactive Everyday 

Objects for Sustainable Behaviour” In International Journal of Human-Com-

puter Studies. p. 102393. DOI: 10.1016/j.ijhcs.2019.102393. JCR Impact Factor 

(2020): 2.006, Q2. November 2020.

Finally, the work presented in Chapter 5, where a novel framework to address the diver-

sity of individuals and the exploration of its potential application is exposed, has been 

published in another Indexed International Journal. 

*	 Ane Irizar-Arrieta, Diego Casado-Mansilla, Aiur Retegi, Matthias Laschke, Di-

ego López-de-Ipiña. (2020) “Exploring the Application of the FOX Model to Fos-

ter Pro-Environmental Behaviours in Smart Environments” In Sensors MDPI. 

vol. 20 (16). p. 1--26. DOI: 1424-8220. JCR Impact Factor (2020): 3.275, Q1. 

November 2020.
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6. 3. 2. Other relevant publications 

Complementarily to the main JCR manuscripts included in this thesis, another several 

research pieces related to this dissertation have been presented in International Confer-

ences: 

*	 Presentation of a preliminary research work including the evaluation and analy-

sis of a digital tool to address sustainable behaviour taking into account the user 

diversity:  Ane Irizar-Arrieta, Diego Casado-Mansilla. (2017) “Coping with user 

diversity: UX informs the design of a digital interface that encourages sustain-

able behaviour” In 11th Multi Conference on Computer Science and Informa-

tion Systems 2017.

*	 Presentation of a specific contribution detailing the design and ideation of the 

Interactive Coaster:   Ane Irizar-Arrieta, Diego Casado-Mansilla, Aiur Retegi. 

(2018) “Accounting for User Diversity in the Design for Sustainable Behaviour 

in Smart Offices” In Proceedings of conference: 3rd International Conference 

on Smart and Sustainable Technologies.

*	 Presentation of the initial approach of the FOX model:  Ane Irizar-Arrieta, Aiur 

Retegi, Diego Casado-Mansilla, Matthias Laschke, Diego López-de-Ipiña. (2019) 

“FOX: A Flexible and Heterogeneous Mixed User Model to Address Sustainable 

Behaviour in Smart Environments” In Proceedings. vol. 31. p. 82. DOI: 10.3390/

proceedings2019031082. In Proceedings of conference: 13th International Con-

ference on Ubiquitous Computing and Ambient 

The preliminary work that led to this dissertation was extended and published in the 

following International Journal: 

*	 Ane Irizar-Arrieta, Diego Casado-Mansilla, Aiur Retegi. (2018) “Evaluation of a 

digital interface that integrates user diversity to aware individuals about energy” 

In IADIS International Journal on Computer Science and Information Systems. 

vol. 13. p. 110-124. ISSN: 1646-3692.

6. 3. 4. Co-authored publications  

Other co-authored contributions related to this dissertation are: 

*	 Diego Casado-Mansilla, Ane Irizar-Arrieta, Pablo Garaizar, Diego López-de-Ip-

iña. (2018) “Design-insights for Devising Persuasive IoT Devices for Sustain-

ability in the Workplace” In 2018 Global Internet of Things Summit (GIoTS). 

DOI: 10.1109/GIOTS.2018.8534578.

*	 Casado-Mansilla, D., Irizar-Arrieta, A., Solabarrieta-Román, M., Manterola-Lasa, 

A., Kamara-Esteban, O., Tsolakis, A. C., ... & López-de-Ipiña, D. (2020, Septem-



115

ber). Lasting and Spillover Effects of Ambient Eco-Feedback in the Office-based 

Workplace. In  2020 5th International Conference on Smart and Sustainable 

Technologies (SpliTech) (pp. 1-6). IEEE.

6. 3. 5. Awards   
The author of this dissertation has been honored with the Atlas award. A distinction 

conferred by the prestigious Elsevier publishing house for her contribution and research 

impact to SDG-12: responsible consumption and production. 

Besides, the publication Coping with user diversity: UX informs the design of a digital 

interface that encourages sustainable behaviour” was selected for the Best early Career 

Research Award at the 11th Multi Conference on Computer Science and Information 

Systems, 2017.

6. 4. Future work

Inspired by the challenges discovered in this dissertation, we have identified the follow-

ing further research lines: 

FOX model: rules and measures. As we exposed in Chapter 4, the FOX model offers a 

promising framework to understand and face the diversity of individuals dynamically. 

For that, a relevant future challenge identified when applying the framework is to define 

the rules, tools and methods for measuring dimensions, stages, and characteristics of 

the meta-model. This is a paramount factor that should be defined using the less intru-

sive way for data gathering and taking into account the specific context and the available 

resources for each context. This will encourage a more accurate and adapted framework. 

Besides, the model should be tested with different groups and individuals in order to in-

clude valuable insights from different points of view and to validate the FOX model. An-

other future research idea linked to this, is related to the complementation of the mod-

el with other specific and context-related dimensions. Thus, the future research could 

explore and define other complementary and relevant non-behavioural dimensions to 

improve the coverage of the model such as demographics. Besides, the application of the 

model could be further explored, implementing the framework through different meth-

ods and processes to better understand its possibilities.  

Analyse pro-environmental practices. Another relevant future research line discovered in 

this dissertation is related to sustainable practices themselves. In order to better under-

stand how to improve their acceptance, these should be deeply investigated and under-

stood. Following the approach exposed by Kuijer [19], pro-environmental practices can 

be contextualised as a unit of design and thus, we can reframe them taking into account 
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specific design insights. These ideas should be further analysed to extract findings and 

knowledge that will help researchers and practitioners to design elements that will im-

prove and enhance these practices. 

Analyse motivations of individuals regarding pro-environmentalism. In addition to the im-

provement of the understanding regarding pro-environmental practices, the inherent 

motivations of the individual must be also studied. Although specific interventions can 

be addressed in a personalised way by applying the framework presented in this thesis, 

to define the content and information of each input, the motivations and needs of people 

should be taken into account to develop successful and meaningful strategies. Thus, 

taking into account the Self-Determination Theory presented by Ryan and Deci [29], a 

promising research line could be the contextualisation of pro-environmental practices 

into the needs and motivations of individuals. This could guide the design of novel tech-

nological devices both addressing the pro-environmentalism and inherent motivations 

and needs of people. 
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