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Resumen

Este proyecto de tesis describe el análisis, desarrollo y validación preliminar de
una plataforma tecnológica que permite a los terapeutas crear sus propias aplica-
ciones móviles sensibles al contexto para apoyar las intervenciones psicológicas.
El proyecto realiza un estado del arte mediante una revisión sistemática, seguida-
mente se crea una guía o recomendaciones relevantes para el desarrollo de este
tipo de aplicaciones, a continuación se describe el desarrollo de la plataforma
tecnológica y, finalmente, se prueba la plataforma con casos de estudio reales. El
trabajo está dividido en seis capítulos y su contenido se describe a continuación:

1. El primer capítulo consiste en la introducción general del proyecto, comi-
enza con una motivación del problema y continúa con la descripción de los
objetivos generales de la tesis y sus contribuciones.

2. El segundo capítulo es una revisión sistemática sobre aplicaciones móviles
utilizadas en los tratamientos psicológicos. Se realiza un estado del arte
donde se identifican los tratamientos que se han beneficiado de las tecno-
logías móviles y las características técnicas de las aplicaciones utilizadas.
Este capítulo sirve de motivación para el desarrollo de la plataforma.

3. El tercer capítulo utiliza una metodología mixta para ofrecer una serie de
consideraciones que se han identificado como cruciales en el desarrollo de
aplicaciones móviles sensibles al contexto en el campo de la salud mental.
Se nutre de la información extraída en la revisión sistemática inicial y de las
investigaciones realizadas con expertos en el campo.

4. El cuarto capítulo describe el desarrollo de la propia plataforma utilizando
como guía un caso ficticio de un paciente con depresión. En este desarrollo
se han utilizado como requisitos las conclusiones extraídas tanto de la
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revisión sistemática inicial del segundo capítulo como de las consideraciones
generadas en el tercer capítulo.

5. El quinto capítulo se centra en la validación, y describe el uso de la plata-
forma en la intervención de tres pacientes. Se trata de tres casos de estudio,
uno de ellos con pánico y agorafobia y los otros dos con problemas de juego.

6. Finalmente, el sexto capítulo cierra el proyecto mostrando las conclusiones,
limitaciones y opciones futuras que presenta la tesis.

Los capítulos del 2 al 5 mantienen el formato de compendio de artículos, siendo
cada uno de ellos uno o más trabajos científicos que actualmente están publicados,
en revisión o enviados. Por otro lado, la introducción y las conclusiones sirven de
guía de lectura y de contextualización general de los capítulos centrales, teniendo
una misión de “pegamento” entre los diferentes trabajos o estudios. Cada uno de
los capítulos centrales tiene, por tanto, su propia revisión literaria, metodología,
resultados y conclusiones.
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Abstract

This work gathers a research carried out on the use of context-aware technologies
in their application to the field of mental health. It begins by performing a deep state
of the art of mobile technologies used in psychological interventions and extracting
the characteristics and disorders most discussed in the literature; It continues to
propose a series of considerations to take into account in the development of this
type of technologies to increase its chances of success, focusing on three areas of
study: Context, Mental Health and the Technology itself; The next contribution is the
process of developing a platform that allows therapists to create their own mobile
applications with geolocation to customize their own intervention tools without
the need for high technical knowledge, the development is based on the learning
obtained in the first two contributions, it is described as an intervention example
a hypothetical case of depression; Finally, the platform is validated with three
patients suffering from two different disorders: Panic disorder and agoraphobia;
and gambling disorder.

Keywords: mental health, mental disorder, intervention, mHealth, smartphone,
mobile app, systematic review, place, sense of place, context-aware mobile apps,
location-based interfaces, reactive technologogy, angular, panic disorder, agora-
phobia, unified protocol, location-based technologies, in vivo exposure, gambling
disorder
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1 | Introduction

Fly, you fools!.

Gandalf, the grey.

This introductory chapter provides a global context of the research work con-
ducted in this doctoral thesis. It begins with some practical recommendations on
how to best read this multidisciplinary manuscript, followed by the description of
the problem statement that drove the motivation of the present research work.
Next, the chapter introduces readers in the main objective of this thesis along with
the particular sub-objectives and research questions that have been addressed
in the course of the research. This chapter continues with a brief summary of
the main contributions to anticipate readers with the scientific results obtained
from this thesis. The last part provides additional information on the structure of
the entire document, linking the different chapters with the sub-objectives and
research questions raised before. Finally, scientific works and research projects
emerged over the past years during the development of this doctoral thesis are
enumerated and briefly contextualised.



2 1.1. A disclaimer before reading this research

1.1 | A disclaimer before reading this research

Before beginning the reading of this research it would be convenient to have an
overview of it. This thesis addresses some particular problems in interventions for
mental disorders from a technological perspective. It identifies a need, analyses
existing possibilities, develops convenient tools and applies them to patients.
Therefore, this thesis necessarily involves multidisciplinary research that includes
diverse aspects from the fields of Computer Science and Psychology.

This circumstance makes it a deeply enriching investigation in many aspects;
however, it poses some limitations or particularities that should be kept in mind
when reading this manuscript.

Some sections such as methodology (or methodologies) and the description
of results do not fully align to the established organisation and structure of either
of the two disciplines; they, however, combine mixed structures to fully meet the
particular needs of multidisciplinary research. Consequently, a computer scientist
(or psychologist) can find the reading of these chapters a bit weird, but at the same
time and on the positive side, he/she will be exposed to other forms of scientific
writing and scientific content other than the main speciality.

The content of the thesis (from chapter 2 to chapter 5) is a compendium of
published scientific works that describe different phases of the research work.
Following the standard convention of scientific articles, each of these works, and
hence the corresponding chapters, has the same structure of main sections:
introduction, methodology, results and discussion. However, they all are part of
the same plot that will be described later in this chapter. A reader can focus on
an individual work (chapter), as each one is a separate piece of research, or read
them in sequence. The present chapter and the last chapter (Chapter 6) serve
as a common background, like “glue” that wraps the central chapters and gives
meaning to the research project as a whole.

Finally, the author would like to make a metaphor for this research with the
fantasy novels that have accompanied him throughout his life. In these novels,
there is generally a dark and growing force whose goal is to bring great evil to the
world. There is also a small resistance of warriors or wise men and women who
face it with very few possibilities and resources, usually the protagonists. In that
metaphor, mental disorders are that dark force that is increasingly threatening; the
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resistance is the therapists and psychologists who, with their research and treat-
ments, try with great difficulty to stop it. And where are the computer scientists? In
the forges, the hammer and the anvil rumble as they create the weapons, swords,
spears and axes with which the warriors will go out to face danger. We (computer
scientists for “social good”) attempt to develop the most appropriate technology
and tools for the needs of people, patients and therapists, so that little by little the
darkness is giving way.

I hope the reader enjoys this work as much as the author did in doing it.

1.2 | Motivation and Problem Description

In our modern society, mental disorders are a worldwide burden as identified
in multiple studies. For example, a 2019 report of the World Health Organisation
(WHO) [1] states that 83 million citizens of the European Union suffered some
mental disorder in 2018; in Trautmann et al. [2] it is indicated that about 165
million people have been diagnosed a mental disorder at least once in their lives.
The overwhelming of these figures worsens when we see the trend: Vos et al.
[3] concluded that the number of people with depression has increased 20%
worldwide from 2005 to 2015.

From a human perspective, this is clearly a huge problem since people’s health
and well-being are simply degraded. But it has other dimensions if we analyze the
monetary costs of mental disorders. Evans-Lacko et al. [4] wrote that the cost for
Europe in 2010 was 72 billion euros. The data extracted from Trautmann et al. [2]
is even worse, speaking of 2.5 trillion US Dollars a year.

One of the aims of the broad field of Psychology is to deal with this problem by
studying, exploring, experimenting and applying effective treatments and protocols.
Unfortunately, there are only 4.6 psychologists per 100,000 inhabitants in Europe,
according to the mental health workforce breakdown by WHO region [5], which
gives an idea of the enormous effort that a professional must make to ensure that
each potential patient is the best treated, which obviously is not always feasible.
Indeed, if we look on the national level, recent studies have reported waiting
times of more than 45 days before the first psychological assistance by a clinical
psychologist or psychiatrist [5], and the frequency of face-to-face sessions limited
to once per month [6].

The issues and problems mentioned above can be summed up in that there is a
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lack of resources available for a painful and costly problem that affect a significant
part of the society. Therefore, we suggest that the more resources psychologists
have at their disposal, the better the care and treatment will be for patients suffering
from mental disorders.

Among the resources and tools that might help alleviate this problem, the use of
technology is perhaps one of the most promising. Over the recent years there has
been an upward trend in the use and integration of technologies in psychological
interventions. There are multiple works that have proven useful for this. Starting
with the pioneering works with virtual reality (VR), which proved effective for
example in anxiety disorders [7–13] and continuing with the broad use of Internet
as a means to spatially decouple patients from therapists [14–17]. Mobile devices
and smartphones [18] are one of the recent attempts to combine mobile technology
into psychological interventions. Their popularity has exponentially increased in
the last ten years, with data that speak of 35% of the world population that carries
one of them in their pocket, being this proportion widely exceeded in developed
countries (76% in the United Kingdom, or 95% in South Korea) [19, 20].

Smartphones have a number of features that encourage their use in mental
health. They are versatile, mobile, can be customized, and their computing
capacity enables them to perform data analysis in situ and run sophisticated virtual
environments in a precise and powerful way. Smartphone and mobile devices
are in general no intrusive (Ecological), since they are already part of people’s
lives, and can be used virtually anywhere and at any time (Momentary). The
use and application of smartphones to interventions has allowed patients to be
constantly monitored so that their symptoms can be evaluated regularly. As a
result, psychoeducation content delivered through smartphones has already been
explored in interventions [21]. All in all, the possibilities that bring smartphones
and mobile devices to mental disorders interventions seem endless, and even new
functions and innovative uses continue to appear today [22–28].

This situation undoubtedly presents a promising connection between mental
health and technology, however it is not without problems and gaps that must be
carefully explored.

On one hand we have the connection and communication between the discip-
lines of Computer Science and Psychology. In general, engineering teams are
disconnected from the needs of psychologists, and the latter are in turn unaware
of the working mechanisms of engineers, as well as the full range of possibilities
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that technology can bring to them. In addition, the design and development of
effective interventions often entails high costs in development tools and human
resources, and this is not always acceptable or possible by clinical teams. On
the other hand, even when these communication barriers are overcome, develop-
ments of smartphone applications are often limited to a few basic, specific features
or needs that the application must meet, without considering the complexity of
the interrelated considerations and features as a whole that can take part of an
intervention to make it a success. For example, they lose sight of the usability
part of the application for the patient, scarcely account for the addition of adhesion
components, and pay little or no attention to the visualisation of clinical content
in a way that suits the environment and the context in which that content will be
consumed.

The present work precisely puts emphasis on the use of the context and the
environment to design and create better tools for mental disorder interventions. In
similar health-related scenarios, context matters a lot. For example, environmental
health experts have experimentally confirmed the importance of the geographical
context in health by finding strong correlations, for example, between high levels
of noise or pollution and degradation of well-being [29, 30]. The distribution of the
urban environment itself is also another important factor to consider, because it
directly influences people’s health [31–34].

Therefore, the three core areas on which this research is based come out: the
mental health of people, the technology to support treatments, and the context
where these treatments are going to be applied to people.

We do not include a state of the art of each of these areas here. We indeed refer
readers to the background sections of subsequent chapters where these areas
are extensively covered. In doing so, we make the introduction more concise and
avoid excessive redundancy.

1.3 | Objectives and Research Questions

1.3.1 Main Objective

The main objective of this research work is to expand the catalog of technological
tools at the disposal of mental health professionals to carry out their psychological
evaluations and interventions. In this thesis, these tools refer specifically to context-
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aware mobile applications that meet the ecological and momentary requirements
and take advantage of the patient’s context to facilitate and maximize the work of
the clinician.

At this point an introductory and motivating example will definitively clarify what
we mean by "expanding the catalog of technological tools" and, consequently, will
lead us to the identification and understanding of the proposed research questions.

Imagine John, a patient diagnosed with panic and agoraphobia disorders who
visits her therapist’s office for the first session. The therapist, Margaret, accesses to
the (Symptoms) website and registers John as a patient. Then, Margaret creates a
new application for her new patient. Given John’s diagnosis, she specifies through
the website a list of feared places (a shopping mall, a specific crossing or any other
place on the map that is relevant to the diagnostic) close to or within the John’s
neighborhood. In addition, Margaret adds additional information that’s clinically
relevant to each of these places. For example, a motivating message, notification
or any other clinical content the Margaret consider crucial when John approaches
to that place. Once all places on the list are configured, Margaret proceeds with
the generation of the mobile application. At this point, the website also creates
a private code for John to be able to install the (Symptoms) mobile application
on his mobile phone by entering that security code. John’s gone and back home.
From that moment, every time John approaches one of the indicated places, he
will be prompted with the information indicated by Margaret. During the treatment,
Margaret will be able to monitor John’s steps and notifications received by only
accessing to a website from her office. Real-time monitored data will therefore
inform Margaret about John’s trajectories and movement around the city, how
many times he visited each feared places and the messages he received.

This is only an imaginary example, of course, but the real chances are much
greater because the stakes are high as well. If, instead of being feared places to
which the patient is encouraged to get closer, they were prohibited places, whose
visit must be deterred (for example, betting centers for patients with pathological
gambling disorder), the mobile application will remain exactly the same with the
exception of modifying the contextual information (i.e., configuration) delivered in
each place. The application also allows to monitor depressive patients, motivating
them every time they leave home or walk a certain distance on foot. And it even
allows to launch specific questionnaires according to contextual triggers (when
patients are near a place, every so often, when a certain time passes without
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detecting movement, etc.). These are just some of the ideas of what the developed
tool can do, although, as a specifically designed tool to support extensibility, new
features and functions can be straightforward added into the tool.

1.3.2 Research Questions and Sub-objectives

The overarching objective of expanding the tools with which therapists can cope
with the diversity and complexity of mental health treatments can be divided into
sub-objectives that are in turn directly related to the research questions that drive
this thesis. Therefore, in what follows, we describe each sub-objective and the
associated research question to address the main objective.

• Objective 1 (O1): What has been done so far regarding the application of
mobile devices and apps to psychological interventions? Our intent is to know,
on the one hand, the range of mental disorders that have been treated by
mobile technologies and, on the other hand, to identify the characteristics of
these technologies that have been used to a greater or lesser extent. Despite
the wide use and penetration of mobile technology and smartphones, our
initial belief is that their technical possibilities are still widely underused.
As we will see in Chapter 2, the majority of the surveyed mobile apps
are designed to transfer the classical methods (of pencil and paper) in
psychological treatments to the digital medium (mere digitization), without
taking advantage of the possibilities that this new medium offers.

The associated Research Question 1 (RQ1) is: what is the current state of
the art in the use of mobile applications for psychological interventions? This
question can be read in two ways:

– What are the mental disorders that have been subject to mobile applica-
tions?

– What are the technological features that have been most used? And
what for?

• Objective 2 (O2): How should a mobile app be designed for effective inter-
vention? This objective aims to identify a series of relevant dimensions in
relation to the three core areas seen in Section 1.2 (technology, context and
mental health) that any design of technological development for interventions
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should take into account. As we will see in Chapter 3, aspects such as
adherence, usability and the characteristics of the contextual environment
appear will be necessary.

The associated Research Question 2 (RQ2) is: what are the design consid-
erations that must be taken into account so that a technological development
applied to psychological interventions maximizes the chances of success?

• Objective 3 (O3): To develop a technological platform that account for
everything previously learned. In Chapter 4, we deep into the development
and design of a platform to allow mental health experts create their own
technological interventions without losing sight of the outcomes of the first
two objectives.

The associated Research Question 3 (RQ3) is defined as: can we develop
a technological platform that allows therapists to create their custom mobile
applications for psychological interventions in a simple way and without the
need for technological knowledge?

• Objective 4 (O4): To validate the technological platform in real settings,
i.e. as part of treatments with real patients diagnosed with different mental
disorders. Experimentation will be the focus of Chapter 5.

The associated Research Question (RQ4) is: does the technological plat-
form support psychological treatments for distinct mental disorders?

The four research questions are satisfactorily addressed in the central chapters
(2-5) of the thesis, in the same order as listed above. First, an in-depth, rigorous
state-of-the-art study on the subject is carried out (O/RQ1); a series of consid-
erations are then drawn up for the design of technical developments (O/RQ2):
next, a technological platform is developed by integrating all the previous out-
comes (O/RQ3); and, finally, the feasibility and effectiveness of the platform and
mobile applications are assessed in psychological interventions with real patients
(O/RQ4).

1.4 | Contributions

From a tangible point of view, the main contribution of this doctoral thesis
is the technological platform called Symptoms. The Symptoms platform does
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play the role of the website tool in the introductory example in Section 1.3. It
is a functional, operational, web-based platform that allows therapists, whether
or nor they are tech-savvy, to create their own mobile applications adapted to
the psychological interventions in question. Whereas the platform itself can be
considered an engineering contribution, the contained elements on which the
platform is built are important themselves and, as such, we consider them as
valuable scientific contributions to advance in the field. Below, we summarize the
main engineering and scientific contributions of this thesis.

• Engineering contributions: The Symptoms platform is the major contribu-
tion of this thesis, along with the generated mobile applications which interact
directly with the patients.

• Scientific contributions: A combined use of the following minor contribu-
tions makes significant progress to the field.

– Firstly, an updated state of the art on the use of mobile applications in
mental health informs on the technical characteristics used, the actual
trends and the most studied disorders.

– Secondly, a series of design considerations are explored and formalised,
leading to a theoretical model on top of which context-aware mobile
applications can be designed for conducting effective interventions.

– Finally, experimentation through two case studies permitted us to both
check the validity of theoretical model and the acceptability of the plat-
form.

The above contributions are directly related to each of the sub-objectives and
research questions of the thesis (Section 1.3). However, it is worth to note here
that this thesis attempts to provide tools for mental health that have not yet been
exploited, to the best of our knowledge, in psychological interventions, under the
prism of two remarkable angles:

On one hand, the platform and mobile apps capture and bring contextual inform-
ation and spatial concepts to interventions such as location, trajectories, proximity,
distance traveled, and particular characteristics of relevant places. Are they feared
places? Are these recommended places? What relationship does the patient have
with a specific place or with the specific characteristics of the place? Although
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there have been works before, as will be seen in Chapter 2, we claim that, when
designing context-aware mobile apps for psychological interventions, this contex-
tual and spatially-related information and its relationship with the patient has not
been explored enough. Therefore, we expect that the findings of this thesis can
open the door to future improvements in context-aware developments that can
dynamically adapt to the changing peculiarities of patients and their surrounding
environment.

On the other hand, it is expected that the platform can become a game changer
to accelerate the development process and deployment of mobile applications.
Leaving apart the technological barriers and issues related to finding and econom-
ically covering technical teams for developing and personalizing mobile tools, it will
allow mental health professionals to focus on the best psychological framework for
their interventions and treatments. Our long-term expectation is to foster a mindset
shift on the current perception of technology from an impediment that slows down
psychologists’ work to valuable, trusted, and ready-to-use tools that guarantee
objective and updated information, adherence and concretion when carrying out
interventions.

1.5 | Thesis Structure

As earlier commented, this thesis is organised as a compendium of published
scientific articles. In particular, all but Chapter 1 and Chapter 6 corresponds
to scientific publications, either published (Chapters 2 and 3) or under review
(Chapters 4 and 5) at the time of writing. A reader will find the following six
chapters:

• Chapter 1 Introduction. This chapter introduces the motivation and problem
statement, the main objective and research questions, summarises the
major contributions, and briefly describes the relevant scientific publications
stemmed directly from this research .

• Chapter 2 Smartphone apps for the treatment of mental disorders: a system-
atic review. This chapter covers O1 (RQ1). It contains a systematic review to
analyse the most confronted disorders through mobile technologies and the
salient characteristics of these technologies that have been used.
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• Chapter 3 Considerations for designing context-aware mobile apps for men-
tal health interventions. This chapter covers O2 (RQ2). It is a guide of
aspects (or a series of considerations) to consider for the design of mobile
applications for psychological treatments.

• Chapter 4 Development of a builder tool for customizing location-based,
gamified apps for depression. This chapter covers O3 (RQ3). It fully de-
scribes the development of the technological platform, using as a running
example a case of depression disorder.

• Chapter 5 Validation and experimentation of the platform with real patients.
This chapter covers O4 (RQ4). It goes step by step in the validation exper-
iment of the platform as a support tool in the treatment of patients. Three
patients have been treated using the platform and are conveniently described
in this chapter: one patient with panic disorder and agoraphobia, and the
other two with gambling disorder.

• Chapter 6 Conclusions. The final chapter summarizes the main achieve-
ments of the present thesis, followed by the limitations of the research, and
concludes with reflections on future research lines in the short and medium
term.

The publication-driven chapters, given their compendium structure, present their
own scientific contextualization, methodology, and describe the related findings,
results and conclusions. Next, the list of scientific publications are briefly annotated,
providing therefore a summary of each of the corresponding chapters.

1.6 | Derived scientific publications

A host of scientific publications has been produced in the course of the research
work. Some of them are the direct result of research work conducted within the
GEOTEC (Geospatial Technologies Research Group) group. The author of this
thesis presented some in international conferences and forums. One remarkable
aspect is that, based on the initial findings of this thesis, funding has been obtained
through follow-up projects and predoctoral fellowships at regional and national
levels. The author of this doctoral thesis has collaborated to a greater or lesser
extent in each and every one of these scientific publications, being, in many of
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them, the first author or principal investigator, while in others he has taken a
secondary role. For all items listed next, we briefly point out their connection to
this thesis.

1.6.1 Peer-reviewed international conference papers

• Miralles, I., Granell, C., and Huerta, J. (2016). Playability Index, Built Envir-
onment and Geo-Games Technology to Promoting Physical Activity in Urban
Areas. In Ubiquitous Computing and Ambient Intelligence (pp. 437-444).
Springer, Cham.

This work identified the list of urban characteristics that were perceived
as the most influential in the use of context-aware mobile applications to
promote physical activity. In addition to giving a general context about
the urban environment and health, it is the embryonic stage of the design
considerations finally discussed in Chapter 3.

• Miralles, I., Granell, C., Rodríguez-Pupo, L. E., Casteleyn, S., and Huerta,
J. (2017, October). Games, health and the city: Developing location-aware
games for leveraging the most suitable places for physical activity. In Exten-
ded Abstracts Publication of the Annual Symposium on Computer-Human
Interaction in Play (pp. 239-245). ACM.

In this work, the behavioral activity of people is connected with the environ-
ment in which they are. It extends the work carried in the previous paper
(“Ubiquitous Computing and Ambient Intelligence”) and represents an step
forward in the conceptualisation of the design considerations. Therefore, it
also links to Chapter 3.

• González-Pérez, A., Miralles, I., Granell, C., and Casteleyn, S. (2019,
September). Technical challenges to deliver sensor-based psychological
interventions using smartphones. In Proceedings of the 2019 ACM Interna-
tional Joint Conference on Pervasive and Ubiquitous Computing and Pro-
ceedings of the 2019 ACM International Symposium on Wearable Computers
(pp. 915-920). ACM.

The focus of this workshop paper is the description of the conceptual archi-
tecture and defining technological characteristics of the Symptoms platform.
It aims to raise and discuss, in an international forum, the challenges and
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potential solutions for this type of applications. It entirely relates to chapter 4,
which describes the technological part of the development of the platform.

• Diaz, L., Miralles, I., Granell, C., Bretón-López, J., González-Pérez, A.,
Casteleyn, S., Castilla, D. and García-Palacios, A. Enhancing stimulus control
in the treatment of gambling disorder using location-based technologies. In:
The 6th ESRII Conference. 2019.

This work examines the use of the Symptoms platform in patients with game
disorders. In this case the intended use of the platform is to strengthen the
control stimuli and facilitate exposure with response prevention. It relates
directly to chapter 5, given that it entails a new experiment that serves as a
validation of the technological platform.

1.6.2 Peer-reviewed journal articles

At the time of writing this document there is one published paper, three sent (one
of them under review and two awaiting a first decision) and a fifth in preparation.
Marked in bold, the scientific publications in which the doctoral student is the
first author and, therefore, are part of this doctoral thesis. Although relevant and
referenced here, the remaining publications are not included in this thesis because
their content is not entirely derived from this research.

• Miralles, I., Granell, C., Díaz, L., Van Woensel, W., Bretón-López, J.,
Mira, A., Castilla, D. and Casteleyn, S. Smartphone apps for the treat-
ment of mental disorders: a systematic review. JMIR Preprints. 03/06/2019:14897

This work literally corresponds to Chapter 2 of this thesis. It is in the first
revision to the high-profile journal in digital medicine and e-health, with an
impact factor of 4.945 (Q1, top1).

• Miralles, I. and Granell, C. (2019). Considerations for Designing Context-
Aware Mobile Apps for Mental Health Interventions. International journal
of environmental research and public health, 16(7), 1197.

This work literally corresponds to chapter 3 of this thesis, published in the "In-
ternational Journal of Environmental Research and Public Health" (IJERPH),
with an impact factor of 2.468 (Q2).
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• González-Pérez, A., Casteleyn, S., Miralles, I., Bretón-López, J., Castilla,
D. and Granell, C.. SyMptOMS – A Sensor-based Mobile Mental Health
platform.

This work is related to chapter 4 of this thesis. It describes aspects of the
technological platform, but goes beyond the platform initially investigated
and tested in the present doctoral thesis. However, its fundamental part has
its origin in the research done here. It is under review in the IEEE Internet
Computing, with an impact factor of 2.891 (Q1).

• Miralles, I., Matey, M., Granell, C., Gónzalez-Pérez, A., Bretón-López,
J., Castilla, D., Rebollo, C. and Casteleyn, S. Development of a builder
tool for customizing location-based, gamified apps for depression.

This work literally corresponds to Chapter 4 of this thesis. It describes the
technical characteristics of the platform using as a guide the hypothetical use
case of a patient with depression. It has being adapted to the specification of
the target journal, the International Journal of Medical Informatics (IJMI), with
an impact factor of 2,731 (Q2), so it does resembles exactly the organisation
of the Chapter 4.

• Miralles, I., Granell, C., García-Palacios, A., Castilla, D., Gónzalez-Pérez,
A., Casteleyn, S. and Bretón-López, J. Enhancing in vivo exposure in
the treatment of panic disorder and agoraphobia using location-based
technologies: A case study.

This work literally corresponds to section 5.1 of chapter 5 of this thesis. It
describes the use of the platform with a real patient suffering of panic and
agoraphobia. It is under review in the Clinical Case Studies, an international
journal with an impact factor of 0.867 (Q4).

• Miralles, I., Bretón-López, J., Granell, C., Díaz, L., Mira, A., Gónzalez-
Pérez, A., Casteleyn, S. and García-Palacios, A. Enhancing therapeutic
components in the treatment of gambling disorder using location-based
technologies: A case study of two participants´ experiences.

This work literally corresponds to section 5.2 of chapter 5 of this thesis. It
describes the use of the platform with two patients suffering of pathological
gambling. At this time this document is in the final phase of its preparation
for sending to a specialized journal.
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1.6.3 Related projects

Based on this research, two research projects have been granted and funded
by local and national agencies, namely:

• AnyTIME: Apps To Improve Mental hEalth

This is an internal project of the Institute of New Imaging Technologies (INIT),
aimed to foster collaboration between the different research sections of the
institute. The GEOTEC section, author’s research group, and the Interactive
Visualization section teamed up in the proposal AnyTIME, which essentially
was aimed to add gamification and adherence components to the platform.
The results of the project are partially shown in the chapter 4, where the
technological platform is described. The project got C 3,500 and the Principal
Investigator was the author of this thesis.

• SyMptOMS: Sensor and MObile based Mental Health Solutions

This is project funded by the 2018 "Programa Estatal de I+D+i Orientada
a los Retos de la Sociedad", from the "Ministerio de Ciencia, Innovación y
Universidades" (reference number RTI2018-099939-B-I00). The objective
is to develop innovate solutions for the diagnosis, treatment, and relapse
prevention of mental health disorders. This national project sits on the first
results obtained in this research to explore and implement advanced data
analysis capabilities in the Symptoms platform.

1.6.4 Follow-up predoctoral grants

This work is fully covered by a predoctoral FPU grant obtained by the author
of this thesis from the Spanish Ministry of Education, Culture and Sports (grant
reference FPU14/00020). In addition to this, further developments of this research
led to extended and novel features that were central to getting two predoctoral
grants. Next, we indicate how they connect with this doctoral thesis.

• Alberto Gonzalez Pérez, FPU funded by the "Ministerio Español de Educa-
ción, Cultura y Deporte" (grant reference FPU17/03832).

This predoctoral project can be considered a continuation of this thesis, with
special emphasis on the technological developments added to the platform
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such as advanced analytics services to generate new insights and actionable
information from geospatial data gathered from patients.

• Águeda Gómez Cambronero, FPI funded by the "Consejeria Valenciana de
Educación, Investigación, Cultura y Deporte" (grant reference ACIF/2019/798).

This predoctoral project investigates the notion of serious games applied
to mental health, taking advantage of the information obtained through the
Symptoms platform, and paying special attention on usability and adapt-
ive user interfaces of the mobile applications generated by the Symptoms
platform.



2 | Smartphone apps for the treat-
ment of mental disorders: a sys-
tematic review.

Don’t adventures ever have an end?
I suppose not. Someone else
always has to carry on on the story.

Bilbo Baggins.

Smartphone apps are an increasingly popular means for providing psychological
interventions to patients suffering from a mental disorder. In line with this popularity,
there is a need to analyse and summarize the state of the art, both from a
psychological and technical perspective. This systematic review focuses on the
use of smartphones for psychological interventions. We aim to: (i) analyze the
evolution of research over time as well as the covered mental disorders; (ii) study
the characteristics of assessments that were performed; (iii) map the use of
advanced technical features, such as sensors, and novel software features, such
as personalization and social media; and (iv) provide an overview of developed
smartphone apps per mental disorder.

The PRISMA guidelines for systematic reviews were followed. We performed
searches in Scopus, Web of Science, APA PsycNET and MEDLINE, covering
a period of over five years (2013+). We included papers that describe the use
of smartphone apps to deliver psychological interventions for known mental dis-
orders. We formed multidisciplinary teams, comprising experts in psychology and
ICT, to select and classify articles based on psychological and technical features.
111 articles met the inclusion criteria. We observed an increasing interest in
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this field. More and more studies are focusing on clinical effects in addition to
(only) usability/UX, but Randomly Controlled Trials (RCT) are still a small minority
(16,2%). Around 70% of the papers focus on 6 mental disorders: depression, anxi-
ety, trauma and stressor-related, substance-related and addiction, schizophrenia
spectrum and other psychotic disorders, or a combination of disorders. More
than half of known mental disorders are not or very scarcely (<3%) represented.
Whereas interventions are leveraging the improved modalities (screen, sound)
and interactivity of smartphones, their truly novel capabilities, such as sensors,
alternative delivery paradigms and analytical methods, are only sparingly exploited.

We found an overall increase in smartphone-based interventions over time.
Most research targets disorders with high prevalence, i.e., depressive (19,8%) and
anxiety disorders (12,6%). Hence, there is a need for designing interventions that
focus on disorders with high severity as well, such as personality disorders, which
are currently only scarcely found. The majority of assessments evaluated usabil-
ity/UX, and we found only a limited number of RCT. We contend that, to improve
the robustness and trustworthiness of assessments, an increasingly systematic
focus is needed as to effect on clinical symptomatology. Regarding technical
aspects, most studies rather conservatively transfer traditional ICT interventions
to smartphones. We argue that more innovative use of their novel capabilities
is needed to fully realize promising treatments, such as Ecological Momentary
Interventions, as they require context-awareness, though the use of sensors and
analytics, to determine the need for interventions at times that patients need them
most.

2.1 | Introduction

The popularity of smartphones has skyrocketed over the last decade, with differ-
ent sources estimating around 35% of people owning a smartphone worldwide and
even much higher penetration rates in developed countries (ranging from 76% in
the UK to 95% in South Korea) [19, 20]. Smartphones are increasingly becoming
the most common mobile phone, even in emerging economies [20]. Smartphones
distinguish themselves from their predecessors, which were mainly used for calling
and sending text messages, along several dimensions: (a) improved modality
(screen, sound), interaction and computational resources, which support sophistic-
ated software applications called (mobile) apps; (b) built-in mobile sensors, which
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allow apps to access various measurements, such as the user’s current position,
motion, ambient light and sound; and (c) connectivity hardware (WiFi, Bluetooth),
which allows virtually ubiquitous Internet connections, and connections to nearby
wireless hardware (e.g., headsets, physiological sensors). A plethora of mobile
apps has become available, conveniently installable from so-called app stores,
which leverage these novel capabilities to varying degrees and address a wide
range of personal, entertainment and business needs. In 2017, respectively 2.8
and 2.2 million apps were available from the Google Play and Apple App store,
which were downloaded a total of 178.1 billion times [35].

In health [36] and mental health [21], researchers quickly realized the potential of
mobile apps—with systematic reviews appearing as early as 2011 [21]. Whereas
traditional tele-health [37] and cellphone-based [38] approaches rely on SMS, tele-
phone or video calls, smartphones present a versatile, powerful and personalized
platform for delivering a holistic set of care tasks. In the literature, these have
included patient screening, symptom and disorder assessment, psycho-education,
intervention delivery, progress monitoring and relapse prevention, among others
[21]. By providing these health tasks via smartphone apps (at least partially), a
number of obstacles for mental health care are reduced, such as therapist work-
load, lack of qualified personnel, geographic barriers and attitudinal barriers to
seek treatment. Moreover, new opportunities arise as well, such as providing
ecological, in-situ interventions directly to the patient when they are most needed,
as determined by the individual’s interaction with the device and sensor feedback
(e.g., biofeedback, motion) [22–28].

This is a timely evolution, as reported mental health problems are becoming
increasingly prevalent. Trautmann et al. [39] estimate that over 50% of the popula-
tion of high and middle-income countries suffers from at least one mental disorder
in their life, with a significant impact on their quality of life and an overall annual
economic cost of US $2.5 trillion (2010) and rising. According to the latest US
annual survey, there is an estimated 12-month mental disorder prevalence of
18.3% among adults (4.2% for serious mental illness). Studies on leveraging
mobile technology to meet these challenges, i.e., in the form of mobile mental
health interventions, have reported promising mental health outcomes [40–42],
large acceptance rates by patients [43], and increased sustainability and preser-
vation of treatment effects [44]. Nevertheless, we find that the possibilities of
current smartphone technology have only just been tapped, and further research
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is needed to explore them fully [45], as are studies to analyze the empirical effect-
iveness of these systems [45, 46]. For driving and steering such future research,
there is a continuous need to establish a state of the art, which comprehens-
ively reviews current focal points on psychological (i.e., type of disorder, type of
evaluation) and technological factors (smartphone capabilities, technologies and
features used). Such a review should include both exploratory research, which
investigates technological opportunities, and empirical research, which establishes
the empirical evidence for the efficacy of smartphone interventions. Prior mobile
mental health reviews have become dated [47–49], while more recent works only
consider specific mental disorders [50] for cognitive impairment, [51] for alcohol
and substance abuse, [40] for anxiety or technologies [52] for text messaging and
[25] for SMS messages), or focus solely on efficacy, usability and feasibility of
mHealth interventions [25, 40, 50, 53].

In this chapter, we provide a systematic review, overviewing the recent (5 years)
research in smartphone app-based interventions for mental disorders. Specifically,
the goal of the review is to analyse and summarize relevant research, with aims
to (i) analyse evolution over time and coverage of mental disorders, (ii) study the
type of assessment per mental disorder, (iii) map the use of sensors, software
features and analytical capabilities of smartphones, and (iv) provide an overview
of developed mobile smartphone apps per mental disorder.

2.2 | Methods

2.2.1 Search and Study Selection

This systematic review uses the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (Prisma) [54] as a guideline. We performed an extensive
search of four scientific databases , i.e., Scopus, Web of Science (WoS), APA
PsycNET and MEDLINE, using queries that combined search terms related to
the psychological (e.g., psychology, psychological, mental disorder, intervention)
and the technological dimension (e.g., mobile device, smartphone, mhealth) using
logical operators. All database-specific queries were semantically equivalent but
formulated using the different syntaxes and technical supports of the respective
search engines. Keywords and queries can be found in Supplementary materials
A and B.
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All resulting publications were downloaded and duplicates were removed. All
papers were equally divided among four multi-disciplinary groups of two members,
each comprising one computer scientist and one psychologist. Publications were
initially screened based on the inclusion/exclusion criteria, using title, abstract and
keywords. Subsequently, the remaining and inconclusive papers were fully re-
viewed and their eligibility was again checked using the inclusion/exclusion criteria.
Both during initial screening and the more elaborate eligibility checking, both team
members processed the group’s assigned papers independently and discussed
their observations before making a final decision. In case of disagreement, a third
reviewer was assigned and a final decision was made collaboratively.

2.2.2 Inclusion criteria (IC)

Articles fulfilling all the following criteria are withheld:

• IC1: Full research articles published in an international journal or conference
proceedings since 2013 (including), written in English, and with the full text
available.

• IC2: Primary research articles, i.e., articles that produce first-hand and
original contributions to the research field.

• IC3: Articles explicitly describing the use of a smartphone app for the delivery
of (a) psychological intervention(s) for (a) mental disorder(s), whereby:

– Smartphones are being targeted, i.e., at least one smartphone-specific
feature is used, thus going beyond regular mobile phone features (e.g.,
SMS messages, phone calls) and standard content delivery (e.g., non-
mobile, generic websites);

– The considered mental disorder(s) are found in the Diagnostic and
Statistical manual of Mental Disorders (DSM-5) [55].

• IC4: Articles including

– Empirical data from real patients;

– Empirical data from participants involved in an experiment / test;

– An elaborate, explicit description of the current or envisioned use of
smartphones to deliver psychological interventions.
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2.2.3 Exclusions criteria (EC)

All sources that do not comply with the inclusion criterion:

• EC1: All research articles published before 2013, not written in English
and/or not published as a full paper in an international journal or conference
proceedings. This excludes articles published in any other outlet, such as
workshops, discussion fora, colloquia, patent descriptions, white papers,
and other types of publications, e.g., posters, demo papers, tutorial paper,
editorials, extended abstracts.

• EC2: All secondary research articles, i.e., articles that use primary research
articles to derive results, e.g., reviews, systematic maps, meta-analysis,
synthesis, comments, etc.

• EC3: Any article not explicitly describing the use of smartphones as the
primary mode of delivering psychological interventions for mental disorders.
This excludes articles addressing non-mental disorders (e.g., cancer) or
symptoms (e.g., stress); as well as articles describing the use of other mobile
devices (e.g., wearables, smart watches, tablets) or using smartphones only
as a regular phone (e.g., SMS messages, phone calls).

• EC4: Any article mentioning a mental disorder as potential use case or as
example application, i.e., only superficially describing its application to a
mental disorder. This includes philosophical papers, vision papers or papers
solely focusing on a particular technical innovation.

2.2.4 Classification of studies

All retained studies were classified according to technology- and psychology-
related dimensions. The technology-related dimensions include:

• Built-In Sensors: accelerometer, gyroscope, GPS, microphone and camera.

• Software Features:

– Prompting: any kind of pro-active prompting to the patient, e.g., remind-
ers, notifications or motivational messages;
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– Health Care Provider Communication: communicate directly with a
Health Care Provider through the mobile app;

– Progress: allow patients to monitor their progress throughout the inter-
vention;

– Assessment: capability to (psychologically) assess the patient, including
self-assessment (e.g., questionnaire) and automatic assessment (e.g.,
based on smartphone usage patterns);

– Social: availability of social networking and peer communication, such
as forums, chat, messaging and sharing of experiences or information
sources;

– Personalization: ability to customize/personalize some aspects of the
mobile app according to the patient;

– Learning: any kind of learning material or support presented to the
patient;

– In-Situ Use: explicit support for using the mobile app in the patient’s
natural environment (ecological) so real-time (momentary) interventions
can be offered when they are most needed;

– Context-Awareness: capability of detecting the context/environment of
the patient, e.g., location, ambient sound, text/call history, etc.;

– Virtual Reality: use of virtual environments as delivery paradigm;

– Augmented Reality: use of augmented environments as delivery paradigm;

– Game: use of games as a delivery paradigm.

• Analytics: use of advanced software algorithms in the mobile app or support-
ing infrastructure (i.e., server side)—including machine learning, behavioral
analysis, activity analysis, spatial analysis.

• App Name: name of the app; otherwise NA.

The psychology-related dimensions include:

• Mental Disorders: the considered mental disorders are taken from the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [55]. In
addition to the well-established diagnosis categories from DSM-5, we also
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considered a “suicidal behavior disorder/non suicidal self-injury” category,
as this condition is very well represented in the literature and recognized
as a condition for further study in DSM-5 (i.e., likely to be included in future
versions). We note that, in cases where the smartphone app focuses on
multiple disorders, we distinguish between (a) those specifically focusing
on comorbidity, labeling the app as “comorbid disorders”, and (b) those
delivering treatment(s) for multiple disorders (not targeting their comorbidity),
labeling the app as “various disorders”.

• Assessment Type: types of assessment include ”Effect”, “Usability / user
experience” (short: “Usability/UX”), “Effect and Usability/UX” and “No As-
sessment”. “Effect” indicates that the authors reported results about the
smartphone app’s effects on the participants’ clinical symptomatology. “Us-
ability and user experience”, as defined by ISO 9241-210:2010 (the interna-
tional standard on ergonomics of human system interaction) [56], indicates
that variables such as usability, user acceptance, opinion and satisfaction,
feasibility and intention to use, were assessed by the authors. “Effect and Us-
ability/UX” denotes that “Effect” as well as “Usability and UX” were assessed
and reported in the paper. Finally, “No Assessment” refers to those cases
where no assessment was reported, e.g., only including study protocols or
technical descriptions of the smartphone apps.

2.3 | Results

In the interest of transparency and reproducibility, we published the resulting
data, code, and a description of the runtime environment on GitHub 1 and archived
the work in Zenodo [57]. The GitHub repository includes a literate programming
document that combines text, data preprocessing, analysis, and visualisations.
The runtime environment is based on Docker and allows readers to easily open an
interactive analysis environment in their browser based on Binder 2.

1 https://github.com/cgranell/apps-treatment-mental-disorders
2 https://mybinder.org/v2/gh/cgranell/apps-treatment-mental-disorders/master
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2.3.1 Study inclusion

Figure 2.1 shows the results of the systematic review processes according to the
PRISMA data flow chart. During the Identification phase, we identified 7933 studies
from the four different online sources (Scopus, WoS, APA PsycNET, MEDLINE),
which we reduced to 3616 after removing duplicates. After the Screening phase,
i.e., based on title, abstract and keywords, we retained 310 articles. The Eligibility
assessment, i.e., based on the full paper, led to a final set of 111 papers. More
details can be found in Figure 2.1.

Figure 2.1: PRISMA flow diagram for the systematic review.

2.3.2 Evolution of research and assessment

Figure 2.2 (top) shows the temporal distribution of research in the last 5 years,
along with their reported assessment type. Overall, we observe a positive evolution
of the amount of research over time, steadily increasing from only few (7) articles
in 2013 to a relatively large amount (38) in 2017. From this trend, we may infer an
overall increased interest in using smartphones for psychological interventions.
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The majority of articles, i.e., 79 out of 111 (71.2%), reported some kind of
assessment, whereas 32 articles (28.8%) reported no assessment at all. As to
type of assessment, we notice that only 18 (16.2%) of all studies focus specifically
on the effect of intervention on clinical symptomatology (i.e., assessment category
“effect”), 34 (30.6%) report a mix of effect and usability/UX assessment, and
24.3% focus solely on usability/UX. Looking at the temporal trend, we observe
a relative increase of studies performing an assessment specifically on effect,
while maintaining the relative amount of mixed and usability/UX assessments
roughly at a status quo (Figure 2.2 (down)). Indeed, the 2017-2018 bars show
that, in contrast to previous years, the proportion of studies focusing specifically
on effect matches the proportion of other types of assessments. Although it is too
early to speak of a pattern, we find it a promising sign that this topic is starting
to reach sufficient maturity to warrant more research that focuses in particular
on effect—which is of primary importance in clinical psychology—in addition to
dispersing attention to the combination of effect and usability/UX studies.

Nevertheless, caution needs to be taken when interpreting these results. Or-
thogonal to the general type of assessment, one should also consider other
characteristics of the assessment—i.e., whether it features a Randomized Con-
trolled Trial (RCT) over a long timeframe, or a pilot RCT; or supplies less empirically
rigorous results, such as qualitative studies, feasibility studies, case studies (e.g.,
n of 1 clinical trials) or usability studies. We observe that, from all studies with an
assessment, only a small minority of articles (18 out of 79 - 22.8%) perform an
RCT assessment (8 on effect, 8 on effect and usability/UX, and 2 on usability/UX
only), and only a handful of papers (5 papers, 6.3%) perform a pilot RCT; 2 on
effect, 3 on effect and usability/UX. (This breakdown is not shown in Figure 2.2.)
When looking at the temporal evolution of RCT studies, we see an even spread
of effect and usability/UX evaluations over time (1 in every year, except 2016 that
counts 3). For effect studies however, the majority happened in the last years (2
in 2015; 5 in 2017, 1 in 2018). This seems to confirm our earlier observation on
the maturing of this research topic, which is not only reflected by an increase in
attention to assessing effect, but also an increase of solid, longer term empirical
studies (RCTs) focusing on effect.
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Figure 2.2: Temporal trend of amount of articles published and assessment type. The grey bar in
the top figure denotes the estimated number of papers in 2018 (three months covered).
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2.3.3 Mental disorders addressed

Figure 2.3 shows the number of studies per mental disorder, ranked in ascend-
ing order and sub-categorized according to the type of assessment. The most
commonly addressed mental disorders include Depressive disorders (22 papers,
19.8%), followed by Anxiety disorders (14 papers, 12.6%), Various disorders
(13 papers, 11.7%), Trauma and stressor-related disorders (13 papers, 11.7%),
Substance-related and addictive disorders (10 papers, 9%), and Schizophrenia
spectrum and other psychotic disorders (8 papers, 7.2%). Note that the category
of Various disorders includes apps for multiples disorders, where serious mental
illness, depressive and anxiety disorders are most represented. Collectively, these
top 6 mental disorders account for 72.1% of all studies included in the search. In
the intermediate zone, Suicidal behavior disorder/non-suicidal self-injury (7 papers,
6.3%), Comorbid disorders (6 papers, 5.4%), and Bipolar and related disorders
(5 papers, 4.5%) together represent 16.2% of all studies. We will point out that
the majority of papers on comorbid disorders were related to a dual pathology,
with a coexistence of psychological disorders with the abuse of substances. Only
one case in this category was focused on Neurodevelopmental Disorders and
Elimination Disorders. Several mental disorders are only marginally represented
in literature: Personality disorders (1 paper, 0.9%), Obsessive-Compulsive and
related disorders (3 papers, 2.7%), Sleep-wake disorders (3 papers, 2.7%), Feed-
ing and eating disorders (3 papers, 2.7%) and Neurodevelopmental disorders (3
papers, 2.7%). For the following mental disorders listed in DSM-5, no research
at all has been reported (not shown in Figure 2.3: Dissociative Disorders; So-
matic Symptom and Related Disorders; Sexual Dysfunctions; Gender Dysphoria;
Disruptive, Impulse-Control and Conduct Disorders; Neurocognitive Disorders;
Paraphilic Disorders; Other Mental Disorders; Medication-Induced Movement Dis-
orders and Other Adverse Effects of Medication; Other Conditions That May Be a
Focus of Clinical Attention.

Finally, Figure 2.4 shows the temporal trend of the top 6 mental disorders
targeted by studies over the years. Overall, we observe that the relative ranking of
the top 6 mental disorders is maintained. Further, in line with prior observations,
we note an increasing amount of published articles for each mental disorder
over time. Exceptions include Anxiety disorders, where the amount of articles
published remains relatively stable over time; and Various disorders, which’ third
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Figure 2.3: Distribution of articles per mental disorder, categorized according to assessment type.
The embedded pie chart shows the proportional distribution of types of assessment over all mental
disorders.

rank is mostly caused by an outlier in amount of articles (8) published in 2017.
We further note that the most addressed disorder, Depressive disorders, has
consistently received most research in the last four years (i.e., since 2015). Trauma
and stressor-related disorders, the fourth most addressed disorder, has gained
relatively more attention in the last three full years of the review (i.e., 2015-2017),
ranking second over that timeframe. Finally, notice that relevant research on
Substance-related and addictive disorders only started in 2015.
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Figure 2.4: Distribution of articles published for the top 6 mental disorders over time.

2.3.4 Relation between assessment type and mental disorder

As observed in Figure 2.3, the proportional amount of (only) effect assessments
is generally greater for mental disorders that are more addressed in the literature.
For the top 6, in decreasing order, we discern respectively 22.7% (Depressive
disorder, 5 papers), 28.6% (Anxiety disorder, 4 papers), 7.7% (Various disorders,
1 paper, an outlier), 15.4% (Trauma and stressor-related disorder, 2 papers),
20% (Substance-related and addictive disorder, 2 papers) and 0% (Schizophrenia
spectrum and other psychotic disorders, 0 papers) of studies towards effect. On
the other hand, for less addressed disorders (outside of the top 6), only 1 or no
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effect assessments were performed. This seems indicate a proposition that the
research community, as the body of research is growing for a particular mental
disorder, gives more importance to assessing the effect of interventions on clinical
symptomatology.

Regarding other types of assessment, no clear patterns can be observed and
we fall back to individual observations. Remarkable are the high amount of
combined assessments for Depressive disorders (45.5%) and Trauma and stressor-
related disorders (46.2%); the low amount of pure usability/UX assessments for
Depressive disorders (4.5%) and Anxiety disorders (0%); and the high amount of
articles without assessment for Anxiety disorders (50%) which contrasts the high
amount of effect assessments.

2.3.5 Concrete studies per mental disorder and app name

For the benefit of the research community, Table 2.1 lists, per mental disorder,
the concrete studies (by app name, when available) targeting the mental disorder.
As can be observed, independent of the mental disorder, most studies utilize
a custom-made app which is not reused in other studies. On the one hand,
this implies that there exists a wide variety of apps, even for the same mental
disorder; on the other hand, only few apps (shown in italics in Table 2.1) have
benefited from multiple studies. Remarkably, for Trauma and stressor-related
disorders, several apps were reused in multiple studies, and two apps were each
reused in four studies. Highlighting some interesting reused apps, Koroko-App
(Depressive disorders) is an example app that was rigorously tested both for effect
and usability/UX: a study protocol was published, followed by two RCTs assessing
effect and usability/UX issues. Other apps, such as PTSD coach and Simply
Yoga (Trauma and stressor-related disorders), combine RCTs with other type(s)
of assessments for effect and usability/UX. Some apps such as the Blue Ice app
(Suicidal behavior disorders/non suicidal self-injury) published assessments using
non-RCT designs.
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2.3.6 Relation between mental disorder and technical features

Figure 2.5 plots the technology-related dimensions, namely software features
implemented by the studied apps (in orange), the utilized built-in sensors (in
green) and analytics (in blue), versus the type of mental disorders. In doing
so, the figure overviews to which extent, and for which disorder(s), the state of
the art is leveraging smartphone capabilities, both hardware- (built-in sensors)
and software-related (intervention-specific features, communication ability, social
features, software delivery paradigm, advanced analyses). Within each technology-
related dimension (X axis), features are ranked by their decreasing popularity over
all mental disorders (left to right; total occurrence count of a feature is shown at the
top of each column); mental disorders (Y axis) are ordered according to decreasing
popularity in literature (bottom-up). We note that the most popular mental disorders
also accrue the largest bubbles, as their higher (absolute) number of articles tend
to cover more varied technical dimensions. Therefore, larger bubbles tend to be
concentrated at the bottom of the graph.

Looking at the software features dimension, the top 7 software features are
covered by almost all mental disorders, i.e., the top 11 of mental disorders (grey
rectangle 7x11, Figure 2.5). These features are mostly related to intervention-
specific features, such as learning (ranked 1), progress (ranked 2), personalization
(ranked 3), assessment (ranked 4), in-situ use (ranked 7) and communication
features, such as prompting (ranked 5) and health care provider communication
(ranked 6). In addition, the top 5 mental disorders also cover social media (ranked
8) and context-awareness (ranked 9) (grey rectangle, 9x5, Figure 2.5). Outside
of these two rectangles (7x11 and 9x5), coverage is more sparse. Regarding
delivery paradigm: while games still have a decent coverage (8 out of 14 mental
disorders covered), virtual and augmented reality are each only covered within 1
mental disorder (respectively, Anxiety disorders and Trauma and stressor-related
disorders).

As to utilization of built-in sensors, we observe a much lower and more dispersed
coverage without clear patterns. While we did find coverage for each sensor, there
is no mental disorder that covers all sensors. Remarkable is the lack of coverage
for the microphone (ranked 1) in the top 2 mental disorders (Depressive and
Anxiety disorders) and conversely, its high coverage in Trauma and stressor-
related disorders (6). At the other end of the spectrum, we discern low coverage
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for accelerometer (4 articles) and gyroscope (1 article). Finally, we observe
very poor support for analytics: only 10 articles support some type of advanced
analytics. Horizontally, only Depression disorder (1st ranked disorder) covers
all analytics minimally (Machine Learning twice, all others once). Vertically, only
Machine Learning and Activity Analysis received coverage by multiple disorders
(respectively 5 and 2 disorders).
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2.4 | Discussion

2.4.1 Principal Results

In general, we observe a growing interest in utilizing smartphone apps for
delivering psychological treatments. This is a highly promising trend as such apps
can complement therapist-led psychological treatments and hence increase their
efficacy. When delegating (a portion of) psychological treatment to smartphone-
based interventions, the need for face-to-face sessions and manual follow-up
is decreased; which in turn lowers costs and reduces waiting lists in the public
health system. According to the mental health workforce breakdown (by WHO
region), there are only 4.6 psychologists per 100 000 inhabitants/population in
Europe [5]. For Spain, studies have reported wait times of more than 45 days
before the first psychological assistance by a clinical psychologist or psychiatrist
[169], and a frequency of face-to-face sessions of around once a month [6].
Moreover, by offering smartphone-based Ecological Momentary Interventions
(EMI), patients can access psychological care when and where they need it most,
in their natural environment and daily routines [170–172]. Below, we discuss
our concrete observations on the coverage of mental disorders, use of technical
features, as well as the assessment types of research studies.

2.4.2 Coverage of mental disorders

To an extent, we observe that the coverage of mental disorders in the relevant
state of the art is in line with their real-world prevalence. This holds in particu-
lar for depressive and anxiety disorders, commonly called emotional disorders,
since these affect the most people worldwide and are the most covered by the
literature. Other ICT technologies for delivering psychological treatments, such
as Internet and web-based programs, are also mostly focused on depressive and
anxiety disorders [173, 174]. Depressive and anxiety disorders reduce a patient’s
psychosocial functioning and quality of life [175, 176], and are associated with
important personal, social and economic repercussions [177, 178]. The lifetime
prevalence of depressive and anxiety disorders have been estimated at 16.6%
[179, 180] and 28.8%, respectively. At the same time however, the literature is
heavily focused on only a small number of disorders—with six mental disorders
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accounting for ca. 72% of the encountered articles. Indeed, more than half of
the categories of mental disorders listed in DSM-5 (15) are fully excluded or very
scarcely represented (< 3%). Although typically less prevalent, these mental
disorders, such as personality disorders, often have a higher severity and hence
greater impact on patients’ lives. For instance, borderline personality disorder
affects 2–6% of the population [181, 182] and its mortality rate by suicide is one of
the highest in the world among people with psychiatric disorders [183]. While it
would be an interesting exercise to determine the underlying factor(s) behind this
distribution of mental disorders in the literature, we consider this beyond the scope
of our paper.

2.4.3 Coverage of technical dimensions

When looking at technical dimensions, more "traditional" software features (as
indicated by the 7x11 vertical rectangle in Figure 2.5) are much more utilized than
the novel sensing or analytical capabilities of smartphones. Indeed, one may argue
that this top 7, which involve intervention-specific features (learning, progress,
personalization, assessment, in-situ use) and communication features (prompting,
Health Care Provider communication), do not offer a significant advancement over
the prior state of the art. Many works leveraging mobile phones previously sup-
ported learning by displaying psychoeducational content [74, 75, 120], receiving
tips/reminders via SMS [70, 126], using (bidirectional) SMS communication to
perform (in-situ) assessment [126], or telephone calls to Health Care Providers
[86, 112, 123]. Notwithstanding, even this rather conservative transition to smart-
phones has led to interventions out of reach for classic mobile phones. Exploiting
larger screen resolutions and multimedia capabilities, one finds examples of mul-
timodal learning materials using both audio and video guides [133, 167], using
pictures [83, 86–88, 117, 129], audio [83, 87, 88, 117], music [86–88] and video
[83, 88, 156]. Leveraging the improved connectivity and ubiquity of smartphones,
some authors offer access to entire online libraries of learning materials [127,
167]; others utilize in-app prompting as intervention techniques, e.g., sending
reminders to use the app [87, 103, 104, 118, 159], motivational messages [70]
or messages from the therapist [90, 163]. Exploiting the improved interactivity of
smartphones, we find interactive quizzes for training skills and improved learning
[78, 127], assessments for panic attacks [144], suicidal intentions [122], symptoms
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of various disorders [71, 105, 106] and communication with therapists [58, 74, 91,
144] or other users [92, 108, 109] through message/chat. Aside from being better
supported by smartphone capabilities, many of these psychological smartphone
interventions are available at the touch of a button, instead of relying on receipt of
SMS or phone calls.

That said, most works still only scratch the surface of advanced smartphone
capabilities. This is particularly apparent in the lack of context-awareness, i.e.,
leveraging sensors to detect and react upon the current state of patients and
their environments. We argue that such context-awareness is a key ingredient
of EMI. Indeed, whereas EMI are meant to proactively issue suitable therapeutic
interventions at the right time and place, we found that most EMI works consider
smartphones merely as a tool for manually accessing interventions, or receiving
predefined interventions at set time intervals, at any moment and place. Despite
this lack of context-awareness, it is promising that we did find a few studies
that utilize sensors to improve assessment., such as using GPS for connecting
locations to patient mental states [129]. Outside the scope of this review, we also
found a few relevant studies: e.g., using microphones to record the frequency
and duration of face-to-face conversations [184]; camera for tracking affect based
on facial expressions [185]; and accelerometer (among others) to assess sleep
quality [184]. We also found a very limited number of smartphone-based works
leveraging external sensors for recording physiological parameters and hence
illustrating context-awareness: measuring heart rate for detecting physiological
arousal in the context of anger management [107], for instance. We note that
there exist studies using wearable devices without the use of a smartphone
[186, 187]. In our opinion, studies that progressively use internal and/or external
smartphone sensors are a useful step towards realizing the full potential of EMI,
where relevant events are detected through analysis of sensor readings, and acted
upon by triggering suitable, personalized interventions when they are needed.
The general hesitance towards context-aware EMI could be explained by the lack
of validated computerized psychological models (i.e., analytics) for assessing
mental states based on physiological and environment parameters; as well as
the need to combine technologically advanced solutions (i.e., use of sensors,
context-awareness).

Through their improved modalities (screen, sound), interactivity and compu-
tational resources, smartphones enable novel intervention delivery paradigms,
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including virtual and augmented reality, as well as comprehensive gamification
elements. Similarly however, these have found only very limited coverage in lit-
erature. We found a few individual studies, for example, utilizing a mobile virtual
reality (VR) system to help patients coping with agoraphobia by guiding an avatar
through real-life simulations in a game-based setting [133]. Beyond exposure-type
therapies, Repetto et al. (2013) [143] utilize VR techniques to cope with general-
ized anxiety disorders, leveraging bio-feedback to regulate features of the virtual
world (e.g., current heart rate). As before, the seeming lack of non-traditional
intervention methods may be caused by the lack of validated psychological models
for supplying evidence-based VR, augmented reality or gamification elements
and/or the technical difficulty of novel delivery paradigms.

Given the lack of studies on these topics, we believe that there lies a huge
potential for future research in utilizing technologically advanced solutions (i.e.,
use of sensors, context-awareness, alternative delivery paradigms) to deliver
smartphone-based psychological interventions tailored to the patient’s current
health context.

2.4.4 Assessment types in research studies

We observe that most current studies involve an evaluation of usability/UX. Usab-
ility factors have been widely recognized as key factor to enhance the acceptability
of ICT tools. Based on the technology acceptance model, authors have suggested
that the intention to use a product in the future is strongly correlated with its ease
of use [183, 188]. Hence, initial efforts to research and ensure the usability of
new ICT tools are essential. At the same time, we observe an increasing amount
of research that focuses on the effect of smartphone interventions on clinical
symptomatology. Moreover, the relative amount of effect studies increases as
the mental disorder receives more coverage in the literature. We consider this a
promising trend, as it points towards the maturing of the research field by focusing
on the (long-term) clinical effects of the intervention, in addition to the design,
development and (usability) evaluation cycle of the smartphone intervention.

Nevertheless, we observe that RCTs, which are considered the “gold standard”
of experiment design in the field of mental health (and medicine in general), are only
minimally represented in the literature (16.2% of articles overall). In order to draw
robust and trustworthy conclusions on the clinical efficacy of smartphone apps,
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more long-term RCT studies will be needed (e.g., to better measure the effects
of attrition). Similarly, we observe a distinct lack of cross-validation studies, with
only a few apps having been studied by multiple articles. One could note that this
phenomenon is correlated with the lack of robust long-term studies on smartphone
interventions—a single, multi-year study would warrant multiple articles for a
single smartphone intervention on study protocol, usability evaluation, and effect
studies at multiple intervals. Particularly when utilizing novel technological features,
robust assessment studies are needed to validate their potential for psychological
interventions and encourage further research in the field. A stronger cooperation
between research groups could increase the resources needed for such long-term
psychological intervention studies.

2.4.5 Recommendations for the research community

In line with our findings, we propose 4 recommendations for the research com-
munity to further develop and advance the field of smartphone-based psychological
interventions:

• Attention for low-covered disorders: the gravity of research lies with highly
prevalent mental disorders (ca. 72% of research in the top 6 mental dis-
orders), thereby virtually ignoring more than half of the mental DSM-5 re-
cognized disorders. More research is needed in low-covered disorders,
especially those with high severity, such as bipolar and related disorders or
even less represented disorders such as personality disorders.

• Attention for advanced technical and software-based solutions: many smartphone-
based psychological interventions merely translate classical and eHealth
solution to the smartphone as a delivery platform. Although these inter-
ventions benefit from the improved capabilities of smartphones, such as
larger screen sizes, interactivity and multimedia, the interventions do not
fully exploit their capabilities. Concretely, the use of sensors and corres-
ponding context-awareness, particularly to promote EMIs, the exploration
of alternative delivery paradigms such as games, virtual or augmented real-
ity, and more advanced analytical methods, are scarcely investigated. We
call upon the research community to explore beyond traditional strategies,
towards leveraging advanced technological features to improve the efficacy
of psychological interventions.
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• Multi-disciplinary approaches: to fully exploit smartphones’ capabilities as
a pervasive, ubiquitously connected, sensor-packed computing platform to
deliver innovative, real-time and in-situ psychological interventions, both the
domain knowledge of psychologists as well as the technical expertise of
computer scientists is needed. Hence, we call for multi-disciplinary collabor-
ations as to not let technical difficulties, or lack of psychological knowledge
on mental disorders, hinder advances and novelties in the field.

• Validation towards effect : even though we uncovered a slight increase in
effect validations and RCT-based effect assessments during the last years,
they are still under-represented (particularly RCTs). Hence, there exists a
need to robustly validate smartphone-based psychological treatments for
effect. Especially when utilizing advanced technical features (e.g., context-
awareness, analytics, alternative delivery paradigms), effect validation may
bestow trust and spark further research in such novel type of interventions.
We call upon the research community to augment efforts in robust effect
assessment, in order to allow transfer of research into practice.

2.4.6 Strengths and Limitations

The main strength and novelty of this work is to explore and summarize, under
the prism of a wide range of technical characteristics, the current state of the art in
smartphone-based interventions for mental disorders. We hereby provide a broad
overview of the field: (a) covering the full spectrum of mental disorders as classified
in the latest version of DSM, rather than focusing on a specific mental illness as
done in previous studies; and (b) exposing technical features used to realize
smartphone-based treatments. Consequently, this contribution is highly innovative
as a synergetic study targeting mental health research and recent developments in
mobile sensing and computing. Further strengths of this study include the use of
four different bibliographic sources for a comprehensive coverage of the research
and literature, and the methodological process based on pairs of multidisciplinary
researchers for the selection, validation and classification of literature.

As any systematic study, search term specification may lack other relevant terms
not considered by the authors, whereas searches only cover literature written in
English. Therefore, there always exists a risk to not fully identify all relevant studies.
Classification of studies may also be prone to error. To reduce this risk, we used
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pairs of researchers from different disciplines with a requirement of inter-rater
agreement. Finally, another limitation of our study was its partial coverage in
2018. Notwithstanding, we note that we covered five full years (2013-2017), which
coincides with the period of rapid expansion of relevant research compared to
previous years (2008-2012). While the era of smartphones began in 2008, the
developments during the first few years were virtually only testimonials.

2.4.7 Conclusions

We presented a comprehensive systematic review of the state of the art in
smartphone-based psychological interventions, with a synergetic focus on psychology-
related issues, such as mental disorders and type of assessment, as well as
technological features, such as software features and device sensors. Our results
show a rapid increase over recent years in the number of psychological inter-
ventions for various mental disorders using smartphone-based apps. It captures
how depressive (19,2%) and anxiety disorders (12,6%) are primarily covered, in
line with their real-world prevalence. Apps covering various disorders (11,7%),
trauma and stressor-related (11,7%), substance related and addictive (11,7%) and
schizophrenia spectrum and other psychotic disorders (7,2%) complete the top 6,
which together accounts for 72,1% of coverage. This implies the need for further
development and research of smartphone interventions for mental disorders that
are under- or not represented, particularly those with high severity such as bipolar
and related disorders, personality disorders, or dissociative disorders. On the tech-
nical side, the review highlights a group of software features related to intervention
(learning, progress, personalization, assessment, in-situ use) and communication
(prompting, health care provider communication) deployed in smartphone interven-
tions that mostly mimic more traditional mobile phone and eHealth solutions. More
innovative use of smartphones’ capabilities, such sensing, alternative delivery
paradigms, and advanced analytics, are only scarcely present in literature, despite
their potential for advancing existing solutions, such as EMIs. With regards to the
type of assessment, we found that most current studies involve an evaluation of
usability/UX, with a slow progression towards effect studies. RCT studies are still
a minority in the studies included in this review.





3 | Considerations for designing
context-aware mobile apps for
mental health interventions.

I know many things that only the
wise know.

Gandalf the grey.

This work identifies major areas of knowledge and proposes a set of relevant
dimensions by area that must be taken into account in the design and delivery
of context-aware mobile applications for mental health interventions. We argue
that much of the related research has focused only on a few dimensions, paying
little or no attention to others and, most importantly, to potential relationships
between them. Our belief is that the improvement of the effectiveness of mobile
interventions to support mental health necessarily implies that developers and ther-
apists comprehensively consider the interaction between the proposed dimensions.
Taking as a starting point the three areas of knowledge (Technology, Context and
Mental Health), we re-examine each area to identify relevant dimensions, discuss
the relationships between them and finally draw a series of considerations.

The resulting considerations can help therapists and developers to devise,
design and generate custom mobile applications in a way that increases the motiv-
ation and engagement of patients and, therefore, the effectiveness of psychological
treatments.
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3.1 | Introduction

According to a 2014 WHO systematic review 1, one fourth (27%), around 83 mil-
lion people, of the adult population (aged 18–65) in European Union countries had
experienced at least one mental health disorder (e.g., substance use, psychoses,
depression, anxiety, eating disorders) in the past year. Other sources cite 165
million Europeans each year have a diagnosed mental health disorder, and more
than 50% of the population in middle- and high-income countries have at least
one mental disorder at some point in their lives [2]. Within the spectrum of mental
health disorders, depression is most prevalent, affecting almost 5% of the world’s
population according to 2017 WHO data [189].

The total estimated number of people living with depression increased by almost
20% between 2005 and 2015 [3].

Furthermore, there are several indications that mental health disorders can
expand in a worrisome way, especially in adolescents. San Diego State University
Jean M. Twenge described the sudden jumps in mental health disorders since
2012, in comparison to the gentle slopes in past epochs [190]. These findings
are also supported by a recent international study investigating the prevalence of
psychological disorders in eight developed countries among first-year university-
level students: one in three students report symptoms of a mental health disorder
[191]. Among other actions, research and innovative developments to alleviate
these problems are required to improve public health and reduce the associated
socio-economic impact of the increasing level of mental health disorders [192].

Human health, including mental health, "is part of an interdependent multifaceted
system" [193, pp. 1023]. This is not a new idea. Indeed, other influential factors
have been taken into account in the prevalence of mental health issues. For
example, environmental health researchers have long recognised the importance
of geographic context for understanding the effects of different environmental
factors such as noise level and air pollution on mental health [29, 30]. Urban
practitioners and planners have also studied how the configuration and features of
the built environment along with the morphology of cities may influence citizens’
health [31–34]. Essentially, a large body of research has focused on responding
from different perspectives regarding how the natural and built environment affect

1 WHO–Europe, Data and resources. Retrieved from https://bit.ly/2BZe2ZK on 5 December 2018
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people’s health, i.e. to understand the degree and ways in which the features
and manifestations of the environment influence public health and aspects of our
lifestyle in cities [194, 195]. Computer scientists are recently gaining importance in
the field as the increasing democratisation and deployment of mobile computing,
mobile devices and sensing technologies [196] provide new opportunities to deliver
mobile mental health care [197–199] thus improving quality of life [200]. Various
authors [199, 201, 202] have suggested that interventions with mobile phones
designed to support evidence-based treatments could even reduce barriers to
access and increase participation in treatment. The rapid and wide adoption
of these new developments and technological innovations is leading to a new
stream of research that explores the prevention of mental health disorders through
mobile-based interventions [203].

We recognise the value and vital contributions of past research to the discipline.
Our belief is that most studies consider a limited view, usually restricted to con-
sidering pairs of dimensions such as the built environment and mental health, or
mobile technologies and mental health. Ferrás et al. [204] move forwards and add
the geography and location to the equation, starting a dialogue about the potential
benefits of bringing geography (and location), mobile technology and mental health
together [204]. In this context, recent research works confirm the assumption that
considering distinct aspects may lead to better tools for mental health interventions.
For example, Palmius et al. [205] collected location data from mobile phones and
assess the level and regularity of geographic movement of patients. By adding
the location in their approach for delivering interventions, their results suggest a
strong correlation between geographic movements and patients with depression in
bipolar disorder. Saeb et al. [206] follow the same strategy of passively collecting
location data from mobile phones to estimate an individual’s most visited places
and locations. In a subsequent study, the same authors demonstrate that location
data may be a reliable predictor of depressive symptom severity [207].

These examples suggest that a greater variability of the dimensions and factors
involved in mental health interventions can have a positive effect in the design and
impact of location-based mobile tools for such interventions. We believe that taking
a holistic view to study the interdependent and multifaceted field of mental health
leads to greater levels of contextualisation for personalised interventions. This
chapter expands this idea by conducting an exploratory exercise in the variability
of influential dimensions and their interrelations for context-aware mobile apps in
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mental health interventions. Our long-term research goal is the design and devel-
opment of a software platform to inform psychologists and therapists for the rapid
design and creation of mobile apps that are well suited to mental health disorders.
This is aligned with a recent call to implement improved interventions through the
use of technological advances (among which include mobile interventions), which
was identified as one of the six research priorities in mental health for Europe
[192].

In this chapter, we perform a preliminary analysis to identify interrelated dimen-
sions which could be regarded as conceptual building blocks, similar to the set of
software patterns devised by Buschmann et al. [208] and Gamma et al. [209]. In
these seminal works, the concept of software pattern refers to a generic solution to
a specific class of design issues, i.e. a well-defined strategy is applied to solve sim-
ilar problems. Consider for example, a software tool that’s aimed to search content
from multiple social media services (e.g. Twitter, YouTube, Wikipedia, Open Street
Maps), alleviating the user from understanding the specific data formats and data
access protocols to query and retrieve data from each service. This issue has
been long studied from the perspective of software engineering; Buschmann et al.
[208] proposed the software pattern Broker that can be easily understood as an
intermediate component (middle-ware) between users and the different systems.
Users only interact with this middle-ware component instead of with an arbitrary
number of distinct systems. Many examples have adopted this pattern in varied
application domains [210, 211] as a generic solution to reduce complexity and
improve scalability and interoperability.

This chapter reflects on the foundation for the establishment of patterns –i.e. the
identification of well-defined strategies, each applicable to diverse scenarios and
situations–, for the design of mobile applications for mental health interventions.
We identify the key dimensions and their relationships of three areas of knowledge,
namely Technology, Context and Mental Health. The following research questions
drive the remainder of this chapter (The acronym numbering refers to the research
question that tries to solve the specific chapter: RQ2, plus the specific question
posed in this work: RQ2.1, etc):

• RQ2.1: What are the relevant dimensions that sustain or describe each area
of knowledge (Technology, Context and Mental Health)?

• RQ2.2: How do the dimensions that belong to different areas of knowledge
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relate to each other?

• RQ2.3: Which interrelated dimensions may best inform users for designing
context-aware mobile apps to support mental health interventions?

3.2 | Methods

The present study combines various qualitative research techniques together,
following the tenets of the grounded theory method [212, 213]. In short, the
grounded theory is "the attempt to derive theories from an analysis of the patterns,
themes, and common categories discovered in observational data” [214, p. 307].
In this study, the "discovered theory" in terms of expected findings is comparable
to the set of considerations to inform designers and therapists in the process of
designing context-aware mobile applications for mental health interventions. Our
choice of research methods to obtain this knowledge from empirical data looks
directly at the general theory of scientific knowledge [215], which is composed of
facts, concepts, principles, theories and laws.

Our focus in this chapter is limited to the chain “facts-concepts-principles”, which
allows us to move from the observational data (facts) to the establishment of
meaningful relationships among facts and concepts (principles).
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Figure 3.1: Qualitative research methods in relation to the RQs and their correspondence with the
elements of the general theory of scientific knowledge [215] and the basics of the grounded theory
method [212, 213].

Figure 3.1 illustrates the qualitative methods approach connected to the research
questions (Section 3.1), and how they correspond with the tenets of the general
theory of scientific knowledge and the grounded theory. The extraction of concepts
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(i.e., significant dimensions) from facts is related to RQ2.1 (Section 3.1), while
the identification of principles (i.e., meaningful relations between dimensions) and
their assessment against existing literature refer to RQ2.2 (Section 3.3.2) and
RQ2.3 (Section 3.4), respectively. The combination of various qualitative research
methods for the collection and selection of observational data allows us to gather
a good understanding and a practical reality of the potential use, benefits and
impact of mobile applications for mental health interventions.

3.2.1 Document analysis

To answer RQ2.1, we used the document analysis method as a qualitative
research method. Bowen [216] defines it as "a systematic procedure for reviewing
or evaluating documents" [216, pp. 27], to find, select, make sense of and
synthesise data in the analysed documents. Extracted data are then "organised
into major themes, categories and case examples" [216, pp. 28]. The advantages
of the document analysis in our exploration are twofold. First, it allowed us to
corroborate observational data across sources to reduce the potential bias of
using a single information source or research method for data collection [217,
218]. We used various sources to obtain a more complete picture of the research
topic, which allowed us to validate similar concepts from different sources to
triangulate the data findings. Second, content analysis [214] is commonly used in
combination with document analysis method to organise key data and information
extracted from the documents into categories (i.e. coding) for subsequent data
processing and reexamination. This is the main reason behind the identification
of relevant dimensions (RQ2.1) and the re-interpretation of the relations between
them (RQ2.2).

Evaluated documents in the document analysis method are not restricted to
published research papers (journal articles and conference papers), but other
forms of documents are also relevant, such as books, doctoral theses, minutes of
meetings, institutional reports and other public documents and records. Therefore,
document analysis is not a research method for data collection, but it pursues
data selection [216]. The selected documents are interpreted to make sense of a
particular research topic. Therefore, it is worth noting that document analysis can
be used in combination with other research methods that focus on data collection
like systematic reviews, but is not a type of review. In this study, we did not perform
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a review. Rather, we use document analysis as a qualitative research method to
evaluate a range of selected documents to extract and interpret a set of design
considerations. Next, we describe the procedure for selecting the main forms of
documents.

Research papers were an important source of documents in our exploration. We
selected widely-used citation databases such as Scopus and Web of Science. We
first compiled a list of key terms for each area of knowledge by screening previous
review papers and concept papers from the related literature. Based on internal
discussion among the authors and the exchange of information with psychologists
through regular meetings (below), we selected the final set of research papers
(listed in Table 3.3) as input for the document analysis method.

Regular meetings between the authors (computer scientists and technologists)
and a group of psychologists from the LABPSITEC, a research group specialised in
applying technology to mental health disorders, were a pragmatic way to establish
a continuous dialogue and an effective communication channel between the two
disciplines. Informal interviews were also conducted at the same time as the
meetings. Nevertheless, only some meetings were followed with interviews of
individual therapists. The interviews combined an "interview guided approach"
and a "standardised open-ended interview" [219, pp. 438-442]), which means that
a few questions were previously predefined according to the planned agenda of
the meeting, but the remainder of the questions were based on the content of the
conversation. In general, the meetings and informal interviews allowed us to collect
essential or distinctive features that would otherwise not be able to be collected via
other traditional means such as on-line surveys and questionnaires. For example,
barriers, problems and fears perceived by therapists of using mobile technology in
treatments for depressive symptoms. Equally important was to capture, through
these interviews, the expectations of the therapists and future ideas about the
application of mobile technology in their mental health interventions [220].

Ten meetings were conducted between June 2017 and July 2018 to get a
better understanding of how geospatial concepts and related technology could
make a real, social impact for technology-driven interventions in mental health.
The number of participants per meeting was approximately 4-5 people, with half
being psychologists and the other half being computer scientists. Minutes of
the meetings were summarised and centralised in a public Github repository
(https://github.com/cgranell/labpsitec-ideas).
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In summary, we interpret and evaluate various forms of documents through
the document analysis method, such as research papers, meeting minutes, and
observational and qualitative data collected from informal interviews. These are the
main types of documents selected for the document analysis method (Figure 3.1).

3.2.2 Focus groups

To answer RQ2.2, we ran two focus groups [214]. The first focus group was
aimed at exploring the relationship between context and mental health. Given the
multidisciplinary objective of the focus group, the background of the participants
was intentionally related to distinct disciplines and areas of knowledge such as
Context, Mental Health, Education and Technology. The second focus group was
aimed at drawing conclusions about the use of technology in mental health inter-
ventions. In this case, the required profile of participants were more restricted than
in the first focus group: health professionals with a certain level of technological
expertise was the dominant profile. LABPSITEC researchers helped us with the
recruitment of eligible participants for the focus groups.

The final participants of the focus groups were emailed to briefly explain the
topics to be discussed ahead of the meeting. On the same day of the meeting they
all signed an informed consent form to ensure ethical and privacy considerations
of the participants. Both focus groups were recorded. We took notes during the
focus group, complemented afterwards by a content analysis of the recorded video
to extract the main highlights of the meeting. The two focus groups were organised
in two phases. The first phase consisted of a guided discussion where participants
were asked key questions and were allowed to comment and discuss each of
them for twenty minutes. In the second phase, participants could extend the topic
and debate more freely with a longer time frame duration. In both focus groups,
participants were encouraged to consider the role of geographic elements and
location as drivers of the discussion.

The first focus group engaged participants from multidisciplinary profiles (ther-
apists, psychologists, computer scientists, architects) in a discussion about the
relationships between context and mental health. In a first step, twelve profes-
sionals, three from each area, were contacted through phone calls and emails.
Nine participants (N=9) were finally recruited. Socio-demographic data of the
participants is shown in Table 3.1. The focus group meeting took place 31 January
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2017, in the Universitat Jaume I of Castellón (Spain), and lasted two hours. The
key questions were: What and how the characteristics of the urban environment
can influence the physical activity/mental health; What aspects of games and how
they can be regarded as tools for motivation and engagement; How these games
can take advantage of the characteristics of the urban environment.

Table 3.1: Sociodemographic data of the participants of the focus group one. BD = Bachelor
Degree, CS = Computer Science, GIS = Geographic Information Systems

Participant Professional profile
Education

Level
Gender Age

Participant 1 Physical Education BD Male 35

Participant 2
CS and
GIS

PhD Male 40

Participant 3 Clinical Psychology PhD Female 37
Participant 4 Psychology and Ergonomics PhD Female 40
Participant 5 Clinical Psychology PhD Female 44
Participant 6 Architect PhD Male 45
Participant 7 Physical Education BD Male 35
Participant 8 CS and Education PhD Female 51
Participant 9 CS and Education PhD Female 49

The second focus group, which was more specialised in the scope than the first,
brought together psychologists and therapists involved directly with mental health
interventions to discuss the relationships, benefits, barriers and implications of
mobile technology and mental health. We emailed initially twelve people. Finally
eight participants (N=8) were recruited and took part in the focus group meeting.
Socio-demographic data of the participants is shown in Table 3.2. The focus
group meeting took place 22 January 2018, in the Universitat Jaume I of Castellón
(Spain), and lasted one hour. Participants were asked to describe the role of
technology in the interventions they have designed and/or actively participated
in, as well as to imagine the potential uses of technology that could help answer
the following questions. In the case of depression, for example, how many times
has a patient left home? How much time has a patient spent away from home?
What if a patient has not left home all week? In the agoraphobia interventions, the
questions focused on how close a patient has been to the mall (or other crowded
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place); or how much has a patient managed to escape from the comfort or security
zone? For gambling, key questions were: has a patient approached a gambling
area? How long has a patient been there? How many times has a patient left?

Table 3.2: Sociodemographic data of the participants of the focus group two. The ICTs Know-
ledge column represents the participant’s ability with the use of information and communication
technologies. Zero means non ICT knowledge and four denotes an expert level.

Participant ICT Knowledge Education Level Gender Age
Participant 1 2 PhD Female 38
Participant 2 2 PhD Female 30
Participant 3 3 Bachelor Degree Female 35
Participant 4 2 Bachelor Degree Female 26
Participant 5 2 Bachelor Degree Female 31
Participant 6 4 PhD Male 32
Participant 7 2 Bachelor Degree Male 23
Participant 8 2 Bachelor Degree Female 26

3.2.3 Assessment

As a final step (the right side of Figure 3.1) and to address RQ2.3 – which
interrelated dimensions may best inform users for designing context-aware mo-
bile apps to support mental health interventions–, we evaluated the resulting
relationships between the dimensions (outcomes of RQ2.2) with the existing lit-
erature. The objective was to evaluate these relationships with the evidence and
to summarise them as a set of considerations that can inform therapists in the
process of designing context-aware mobile applications for successful mental
health interventions.

3.3 | Results

3.3.1 Relevant dimensions of each area of knowledge [RQ2.1]

In this section we address RQ2.1 – what are the relevant dimensions that sustain
or describe each area of knowledge? Technology, mental health and context are
the three areas of knowledge in which our exploration is framed (see Figure 3.2).
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However, as these areas cover a lot of ground, we reduce them to a set of relevant
dimensions. This reduction (not simplification) is necessary to identify the relevant
aspects of the areas of knowledge that can make an impact on mental health
interventions. A best practice in the document analysis method is to establish the
meaning and contribution of the analysed sources to the research topic [216]. To
this end, Table 3.3 summarises the main sources and references from the literature
used for the re-interpretation of each identified dimension of our exploration.
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Figure 3.2: Areas of knowledge and the relevant dimensions that influence the design of context-
aware mobile apps as mental health intervention.

Technology

Technology has had a long and successful marriage with psychological in-
terventions for mental health, not only in the creation of new technology-based
interventions and treatments, but also to streamline traditional health processes
(e.g., sharing health records).

With the arrival and the rapid penetration of the smartphone (2.53 billion people
use smartphones in 2018 [19], and the increase in functionality in the past years
(e.g., connectivity, processing capacity and memory, detection capabilities), the
range of mobile applications for mental health interventions is rapidly expanding
[201, 221–223]. If mobile devices, technology and mobile computing have dra-
matically impacted (mental) health to the point of coining the term m-health [197],
the use of video game technology as an innovative way to treat psychological
treatments is also a reality [224]. These two ideas framed our exploration to identify
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key dimensions derived from the area of knowledge pertinent to technology.

A quick review of the related literature tells us that the most widely used strategy
has been the digitisation of standardised questionnaires previously established
in the mental health field in a mobile application, such as the patient health
questionnaire (PHQ-9) for depression screening [225]. The momentary and
ecological characteristics of these types of intervention are ensured thanks to the
ubiquitous and pervasive nature of mobile devices [226]: patients are able to fill
in, smoothly integrate during their daily routines, digital questionnaires (or other
data collection techniques) at any time, anywhere. Beyond that, the hardware
and software possibilities offered by these intelligent devices are, in most cases,
underutilised. This suggests that the vast majority of these developments are
limited to moving from a traditional way of operating to a digital medium (i.e. digital
transformation [227]), but paying little or no attention to the new characteristics of
the digital medium [228]. For example, technical characteristics such as built-in
sensors, location analysis, compatible operating systems, battery requirements,
performance, network needs and communication interfaces are characteristics
to be carefully evaluated in order to integrate them into intervention tools for
the efficient delivery of content to patients. In this study, we group all of these
characteristics under the umbrella of the term "interface". Therefore, interface is
one of the relevant dimensions of the technology area.

One of the main problems of mobile interventions is the lack of patient adherence
to their treatment. A 2013 study identified engagement techniques as one of
the essential features for the success of mobile interventions for mental health
[229]. Videogames are a promising technology for improved participation and
engagement practices [230]. Indeed, applications of online and offline video
games for mental health therapies have been extensively reviewed [224, 231],
suggesting that different genres of existing video games could yield great benefits
in mental health interventions.

Our focus here is on how game design strategies and game dynamics can
be applied to non-game contexts like mental health. This is widely known as
gamification [232]. The intention to use gamification in mental health interventions
is to exploit its inherent ability to immerse a player (patient) in a story (intervention)
to convey a key message and/or achieve a goal. For example, metaphors can
help therapists to design an engaging game story for an intervention, such as
Spallazzo & Mariani’s [233] location-based mobile game that turned the symptoms
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of depression and their consequences into a metaphorical story to improve the
learning experience and increase the awareness of healthy people (players) with
mental health illnesses. Other examples of gamified interventions for mental health
are already being utilised [234]. Thus, it is worth exploring gamification as a
relevant dimension related to compliance, engagement, and attractiveness to
mitigate drop-out rates for interventions based on mobile devices.

Context

Several studies have shown that the distribution of the urban environment is
an influential factor in the amount of mobility that a population presents. Equally
important are the different features of the urban environment, which facilitate
or complicate moderate physical activity [31, 32] and have effects on mental
health [34]. In our previous work, Miralles et al. [235] explored the natural and
built environment features that were perceived as the most relevant ones to
encourage physical activity. Features like access to public open spaces, availability
of bike lanes or presence of drinking fountains appear at the top of the list, in
concordance with other studies [236, 237]. The analysis of urban characteristics
is an important factor when planning psychological interventions in cities, because
people (patients) develop their daily routines and activities in their cities. Urban
places are not only important because of physical proximity, but also because of
the social and emotional bonds that people acquire in places that are meaningful
to them. These two ideas drove our exploration of well-established theories in the
fields of Geographic Information Science [238, 239], Human Geography [240] and
Environmental Psychology [195], in order to identify the relevant dimensions that
relate to the urban context.

Ahlqvist & Schlieder [241] completed an in-depth analysis in the realm of geo-
games or location-aware games [242] to align existing theories of core geographic
concepts in the GIScience field, namely Kuhn [243], Kuhn & Ballatore [244], and
Janelle & Goodchild [245], to location-based game patterns such as exploring,
collecting objects, co-locality, and spatial structure [246]. The authors propose a
unified set of core geographic concepts and compare them to existing spatial game
patterns [246], which resulted in two main groups of spatial patterns: locality and
proximity. Due to their generality, we focus on them here and reinterpret beyond
the geogames domain. Locality means to be in a place but accounting also for



64 3.3. Results

the topological relationships (e.g. disjoint, meets,) between geographic objects
[247, 248]. For example, the meet relationship means that two spatial regions are
touched like the boundary of the countries of Spain and Portugal, and the disjoint
refers to separate regions like each island in the Canary Islands. Considering these
relationships, locality refers to entering a place, leaving it, or crossing it, all of them
seen as triggered events [241]. Since locality implies a formal and informal way of
specifying a place, we use place instead of locality because the former is intuitive
and widely used in Human Geography and Environmental Psychology. Proximity,
the second fundamental spatial pattern, is defined as "the variation of distance to
a neighbourhood or location" [241, pp. 9]. We refer to proximity as the distance to
a place (e.g. 500 metres) or qualitative appreciation (e.g. close, far), considering it
as a type of spatiotemporal association. Lü et al. [249] recently suggested the term
relationship as "a general term for spatiotemporal association among geographic
elements" [pp. 352]. Built upon the notions of proximity, spatiotemporal association
and relationship, we propose spatial relationship as a relevant dimension of
context.

Places can evoke feelings and/or lived experiences [250, 251], and are central
pieces of human experience with implications for the development of identity,
affection and empathy [252–254]. Place can be defined as "a particular space
which is covered with meanings and values by the users” [255, pp. 187] and plays
a significant role in human behaviour and mental health [195]. For example, the
way in which individuals perceive themselves depends on how they feel in their
daily places and interact with them [256]. In this sense, the concept of sense of
place has been studied for a long time in Environmental Psychology and Human
Geography to refer to human experiences, emotions, thoughts, meanings, values
and feelings associated with places [250]. Jorgensen & Stedman [257] define it as
the cognitive and behavioural dimensions of the relationship that an individual has
towards a specific geographic area. In section 3.3.1, Lü et al. [249] also pointed
out the concept of "relationship" and expanded it to cover "other interactive linkage
among multiple geographical elements" in addition to spatiotemporal associations
such as physical, chemical and biological interactions. Built upon the concepts
of sense of place, emotional bonds and places, we propose the sense of place
dimension as a type of relationship between people and spatial settings.
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Mental Health

Although there are multiple approaches that address mental health, Cognitive-
Behavioural Therapy (CBT) is one of the most dominant forms of psychotherapy
[258]. Within the area of mental health, we intend to offer some reflections on the
dimensions that should be considered when carrying out context-aware mobile
apps interventions in the CBT approach.

The profile of the patient is key in designing an intervention. Recently, some
aspects such as gender or age have been highlighted as important features to
defining user preferences in technology-based psychological interventions and,
specifically, in mobile applications for health [259, 260]. Given this evidence, the
first dimension proposed is the profile of the patient.

Given a profile , it is important to establish the corresponding diagnosis and,
consequently, the evidence-based treatments [261]. This may also imply the
identification of the commonalities among the emotional disorders supported by
the emerging extensions and innovations of the CBT approach, like the unified
transdiagnostic protocol [262, 263]. The therapy will have requirements, including
technical developments, which may imply great repercussions on cost and time.
A close link between the logical therapeutic components for the target disorder
and the technical requirements to increase efficiency rates will be thus necessary
[222]. Therefore, we take diagnosis as the second key dimension.

It is common for family members, couples or people close to the patients to
actively participate in the therapy too [264, 265]. The term actor in software
modelling specifies a role played by an external user or entity that interact with
a system. Here, we borrow this terminology to refer to actors as therapists and
familiar members, who are externals to the intervention but at the same time play
a specific role in it. Therefore, it is important to take into account this possible
variation of actors or other people in the interaction with the treatment itself,
because it can have influence the technical developments that are applied in the
intervention [265]. In consequence, the dimension of actor represents key roles
besides the patient (e.g. therapists, caregivers, family members, etc) involved in
the therapeutic process. In summary, three key dimensions stem from the mental
health area: the profile of the primary users or patients, the diagnosis, and the
actors, encompassing other roles in the intervention.
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Table 3.3: Summary of selected dimensions grouped by area of knowledge, together with the main
sources and references analysed to reinterpret each dimension.

Area Dimension Main sources and references

Technology

Interface BinDhim et al. [225], Rana et al. [196],
Haggerty [227], and Bohnsack et al. [228].

Gamification Seaborn & Fels [266],
Nacke & Deterding [267], Bartle [268],
and Tondello et al. [269].

Context

Place Kuhn [243], Kuhn & Ballatore [244],
Janelle & Goodchild [245],
Ahlqvist & Schlieder [241],
and Sintoris [246].

Spatial Ahlqvist & Schlieder [241], Lü et al. [249],
Randell et al. [247], and

Relationship Egenhofer et al. [248].

Sense of Place Stedman [250], Tuan [251], Duff [252],
Najafi & Shariff [255],
Gotham & Brumley [256],
Jorgensen & Stedman [257], and
Acedo et al. [253].

Mental Health

Profile Andone et al. [259], and Zeng et al. [260].

Diagnosis Nathan & Gorman [261],
Van Ameringen et al. [222],
Barlow et al. [262], and
Ellard et al. [263].

Actors Turkington et al. [264],
and Echeburúa et al. [265].

3.3.2 Relations between dimensions [RQ2.2]

To address RQ2.2 – how do dimensions belonging to distinct areas relate to each
other?, we ran two focus groups to explore the potential relationships between
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the identified dimensions (Figure 3.3) in the process of designing context-aware
mobile apps for mental health interventions. The exploration is organised into
sections, each of them covering a couple of areas at the same time, in the same
way that the guided discussion was carried out during the focus groups.

Profile

Place

Sense of Place

Spatial Relationship

Spatial Relationship

Place

Interface

Gamification

Actor
Caregiver

Interface

Actor
Therapist

Interface
Diagnosis 1

Diagnosis 2
Diagnosis 3

Figure 3.3: Relationships between dimensions. The diagnosis dimension drives the remaining
dimensions, since different diagnoses bring different ways of organising the other dimensions to
design context-aware mobile applications as intervention tools.

Technology and Context

The three dimensions within the context area respond essentially to the question
of where?. This question is inevitable in the case of context-aware applications
deployed in outdoors environments. When observing the link between the dimen-
sions, the relationship between place and spatial relationship emerges naturally.

Places can be visited in a particular order, establishing a temporal relation-
ship between places. In addition to spatial and temporal associations, social



68 3.3. Results

and emotional bonds to certain places are especially relevant for mental health
interventions. For example, the sense of place dimension can categorise places
according to the feeling and emotion perceived by patients, producing places of
"emotion", places of "anxiety", places of "fear", etc. These types of relations permit
us to capture relevant meanings and associations to places, transforming them
into personal and unique places.

Through the focus groups, we discovered that virtually all places have the three
types of relationships, not necessarily equally balanced, because each of these
relationships can be weighted differently for each place. The point was that these
three relationships were rarely considered together in the design of psychological
interventions. However, one participant suggested that the information relative to
these relationships of place “would be most beneficial if it somehow appears on a
map because that map would be really useful and visual”. Not event the spatial
relationship between places (proximity, etc.), which is an objective observation,
has been considered as a key design variable in psychological interventions, a
fact widely corroborated in the literature (section 3.1).

Various factors may explain the above. First, the assumption that a place has a
spatial connotation is widely accepted, but the problem arises on how to spatialise
a place, i.e., how to define the precise spatial boundaries of a place attending to
the sense of place [253, 270].

Second, some places may be selected by therapists for the emotional links they
produce with patients, such as places that produce panic and places that should be
avoided due to gambling addiction. However, these places are usually seen under
the dominant relationship, whether spatial, temporal or sense of place (emotional),
neglecting the role of other relationships with that place. Consequently, the three
dimensions of the context are largely unexplored, especially when considered
together.

The interplay between place and interface is well researched in some specific
fields like location-based services [271]. The communication and provision of
timely, contextual information depending on the location of the mobile device
and/or user, is a defining characteristic of location-based applications, which
undoubtedly should be an integral part of mobile psychological interventions. To
this respect, some research works have deployed easy-to-implement features,
such as letting patients respond to questions, offering textual information and
watching media content via mobile devices [272, 273]. However, much attention
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must be paid to the development of more natural and non-intrusive location-based
interfaces. This is clear, for example, for the delivery of personalised content
and/or to take actions according to the distance (near/far) to a place, how much
time a patient spends in a place, how long it takes to go from one place to another,
or how often a patient visits a place, just to mention some situations. A patient can
approach, enter, cross, stay in, and leave a place and this triggers an action that is
made tangible through an interface. Although the distance travelled by a patient is
not usually a measure or variable required in the treatments (except those related
to physical activity), a participant of the focus group explicitly mentioned that the
identification of special places "is very interesting for addiction, in the sense of
detecting ’dangerous’ places of a patient". The same participant added that "the
possibility of providing different levels of activation and/or alarms [when a patient is
in these special places] is a really relevant and useful feature for the interventions".
These are the type of interactions that can be developed when the dimensions of
places, the spatial relationship, the sense of place and the interface are considered
together. Therefore, the potential combinations between these dimensions are
countless, and they must be carefully thought about for the intervention at hand,
considering also the profile dimension, since any triggered action is directed, i.e.
is customised, to a profile (i.e. a patient) through an interface.

The interrelation between place and gamification is also mediated by the spatial
relationship and the sense of place. Sharma et al. [274] wondered how game
designers select physical spaces to create places. In their review, the authors
developed a detailed classification for the use of space in mixed reality games,
which can also be understood according to the spatial (and temporal) relationship
and the sense of place. In summary, the re-examination of the dimensions of
technology and context allows therapists to walk through unexplored routes to
discover new options for the design of mobile tools for mental health interventions.

Context and Mental Health

In the realm of psychological treatments, capturing, understanding and man-
aging context, in order to better assess and intervene, is the ultimate goal. In
general, the importance of the context was well recognised by the participants of
both focus groups. The discussion turned to more general considerations relative
to context such as, for example, what makes a place safe or, at least, a place that
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patients consider or perceive as safe. Safety can be seen from different points of
view such as traffic, pollution, deterioration of buildings, and dirty streets, being a
major problem in modern cities and, therefore, in the development of interventions
in urban areas. Again, a good understanding of the structure and organisation of
the city or urban area where the intervention is planned to be developed is vital
[275]. The selected places for the intervention must be carefully considered. As
one participant aptly summarised "if patients feel the app is going to help, they will
accept it". An app forcing patients to go to unsafe places may produce undesired
effects on patients.

Participants also casted doubts about which features of the context were more
relevant for each intervention. A variety of ways to collect contextual information
exists, i.e., using sensors and analysis of the obtained data, using location-based
services, communicating with peer devices in the surrounding environment, or
asking the user [276]. Multiple examples from the literature demonstrate the
degree of penetration and use of sensors in mobile devices for data collection,
analysis and context determination. That, of course, also applies to psychological
treatments that are provided to people in real-time during their everyday lives
and in natural settings, anywhere [226]. In depression, for example, context-
based techniques to recommend activities have been proposed [277, 278]. Other
examples capture the location information of patients to detect whether they are in
a remote place, so that reminders or suggestions are sent accordingly [124]. The
focus of Simm et al. [279] is on anxiety, and the authors use contextual information
to allow patients to relate visually, through a mobile app, places to symptoms,
linking them to the sense of place dimension. Finally, Skillen et al. [69] address
caregivers (actors) related to patients with autism so that they can establish areas
(linking again to the place and spatial relationship dimensions) where notifications
are sent when the patient enters or leaves them. Once participants were explained
the diverse methods to gather contextual information, they immediately suggested
potential scenarios such as “the collection of location data of the patient in indoor
places for obsessive-compulsive behaviours”. Another participant suggested that
“the detection of manic phases in bipolar patients” could be a plausible scenario
“since the monitoring of high activity can be an indicator”.
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Mental Health and Technology

Gamification research, seen as a collection of game features, game elements,
and mechanics that aim to motivate and engage users [266], involves a wide
arsenal of theoretical approaches and practical actions and techniques [267].
Here we are not interested in any game scenario in general, but in mental health
interventions in particular. Therefore, the following question focuses on the con-
nections between gamification and profiles: What gamified characteristics can
make interventions more attractive to patients (players)? An approach to answer
it may be to analyse and segment target users to select the game elements and
gamification techniques that better suit the needs of each user segment. In his
seminal study, Bartle [268] associated the main characteristics of video games
to user profiles, to create general categories of players such as the "explorer",
"socialiser" or "achiever". For example a socialiser player is specially interested
in interacting with other players, and an achiever is focused on acting on the
world. More interestingly, Bartle [268] established the path to enable connections
between user profiles and game elements. Along this line, Tondello et al. [269]
recently carried out an empirical exploratory research of the preferences of players
in games, which resulted in nine game elements and five game styles associated
with certain user profiles.

The below examples analyse games and player profiles together. These results
do not imply that all game strategies and elements should be completely used for
a user profile; it is simply advised to take them into account if a positive impact is
expected on the effectiveness of the gaming applications. Yet, the aim of these
examples can be extrapolated to mental health scenarios where adherence to
use of a mobile device as part of a treatment is a priority. Mandryk & Birk [280]
study the potential impact of game-based interventions on mental health, paying
attention to the relationship between game elements and self-reported indicators
of wellbeing by players (patients). The results suggest that games are a motivating
attraction and provide considerable appeal, regardless of the age and gender of
the participants, which shows that gamification is not limited only to young people,
but prevails in all demographic groups.

Figure 3.4 summarises the results of the RQ2.1 (identification of relevant di-
mensions) and RQ2.2 (meaningful relationships among dimensions). It gives an
overview of the relationships between the dimensions and aspects that affect the
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design of context-aware mobile apps for mental health interventions, which will be
discussed further in the following section.

Gamification

Interface

realises
leverages

TECHNOLOGY

Place

Spatial 
Relationship

Sense of Place

enables
enables

CONTEXT

Profile

Diagnostic

Actor

improves
supports

establishes

suffers

MENTAL HEALTH

Figure 3.4: The design process of context-aware mobile apps is influenced by a number of
interrelated dimensions, that need to be considered as a whole.

3.4 | Discussion

In this section we address RQ2.3 — which interrelated dimensions may best
inform users for designing context-aware mobile apps to support mental health
intervention tools? We discuss the interrelation between the aforementioned
dimensions and provide some considerations screened against the literature,
when possible, as well as limitations of the present exploration.
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3.4.1 Considerations [RQ2.3]

Despite the unquestionable potential benefits of mobile apps for mental health
assessment and treatments, a recent study concluded that "[o]verall there is
a significant disconnect between app developers, the scientific community and
health care, leaving the utility of existing apps questionable" [222, pp. 526]. The
authors, who conducted a comprehensive literature review of the current state
of mental health apps for anxiety, depression and mood disorders, refer mainly
to the multidisciplinary nature of the m-health field, in which research teams
with different backgrounds and skills are more necessary than ever. Therefore a
fluid communication of scientific, technical, social and psychological information
between team members and patients is a must. A good deal of research has shown
the feasibility and benefits of the application of participatory and human-centred
design in m-health [279, 281].

We agree with the previous statements and argue that the design, implementa-
tion and delivery of context-aware mobile apps for mental health intervention are
by nature a multidisciplinary and multidimensional field. Nevertheless, it seems
clear that other aspects and factors can make a mobile application fail as an
intervention tool. Our message here is to make developers and psychologists
aware of the relationships between these interdisciplinary dimensions in order to
mitigate unnecessary failures during the design process and the subsequent imple-
mentation process of mobile interventions. While we have noted that substantial
research has been conducted in many of these dimensions separately, we have
also identified that a more holistic approach for designing mobile interventions is a
clear gap in the literature, which we attempt to fill here. In the following, we discuss
how the relationships represented in Figure 3.4 can lead to a set of considerations
to help developers and therapists design mobile interventions for mental health
wellbeing.

Designers, psychologists, geographers and urbanists should work together to
carefully consider the multiple relationships to places when selecting and incorpor-
ating places in mental health interventions [274]. The creation and identification
of places, which gather subjective perceptions of the interaction between people
and the environment and place value on them, can have a great impact on the
effectiveness of mental health interventions. The availability of methods for the
spatialisation of place and place-related concepts like sense of place is gaining
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importance, and practical approaches to compute it are under way [282]. This will
undoubtedly facilitate the task of establishing spatial boundaries of places to take
advantage of the dimensions of spatial relationship and sense of place that will be
enabled through interfaces.

As places are central, a logical consequence is that locality is crucial for the
success of context-aware mobile apps. It is expected that an intervention will be
personalised to the places where it is deployed. In other words, a context-aware
mobile app that leverages on local places cannot be experienced anywhere, since
the affordances and emotional bonds created and generated with these places
are specifically designed for the local urban configuration and the profiles of the
patients. Much attention should be paid to the cultural, social, urban morphology,
and demography differences between cities. In addition, as patients are also
stratified according to socioeconomic and cultural variables, The identification of
places is not only based on the structure and organisation of the urban areas, but
designers must also take into account the profile dimension to choose the right
places.

The profile dimension uses and interacts with the interface, regarding the latter
as an envelope of the sensing, communication and interaction capabilities of
mobile applications or devices [283]. The interface performs or implements the
gamification dimension. The combination of the dimensions of interface and
gamification is critical to augment the potential of interfaces to deliver content in
novel ways to profiles (patients) and/or motivate them for sustaining adherence and
engagement over long periods of time. These two features are much sought after
by actors (therapists). In other words, gamification strategies applied to mobile
applications for mental health interventions can be considered as "activators of
social and health change", as experimentally observed by Spallazzo & Mariani
[233]. The authors also pointed out that gamification can be considered as
a practice capable of impacting both designers (or therapists) and players (or
patients) to establish multifaceted relationships between them. Therefore, taking
into account the dimensions proposed and carefully considering the best way to
relate them, it seems to be a recipe for successfully designing specific interventions.
The proposed holistic process provides a wide range of means and strategies to
carry out the chosen psychotherapy approach to influence patients and change
their behaviours in the directions determined by the therapists.
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3.4.2 Limitations

We have discussed here that the design of context-aware mobile apps for mental
health interventions is affected and influenced by a reduced but comprehensive
number of influential dimensions at a high level of abstraction such as place, spatial
relationship, sense of place, interface, gamification, diagnosis, profile and actors.
As usual, the devil is in the detail. We have set aside much more detailed aspects
and factors that must also be considered at later stages during the development
process. For example, while the dimension gamification is appropriate at the time
of design, specific game mechanics, strategies and elements must be specified
at some point in the development of a mobile intervention. The same is true for
the dimensions of places and sense of places, which must be clearly specified
during the development of the intervention. The key point is that all of these
dimensions must be carefully considered if context-aware mobile applications are
used as intervention tools. Therefore, the dimensions, their relationships and
design considerations do not allow designers, physiologists, and practitioners to
implement a mobile intervention, but rather they intend to help them consider an
integral interdisciplinary strategy when designing context-aware mobile apps for
mental health interventions.

We also realise that a limitation of the chapter is that the research approach
adopted is eminently qualitative and, therefore, there is a lack of experimental
data to validate our findings. This will be addressed in future work as we are
planning a series of experiments to test distinct mobile interventions for mental
health diagnoses taking into account the dimensions and design considerations
presented in this study. On the positive side, however, we examined diverse
sources through the document analysis method, along with other qualitative re-
search methods (Section 3.2). This approach proved to be effective in practice to
verify information from multiple documents and research papers, and helped us to
order and reinterpret statements in the analysed documents.

3.5 | Conclusions

Through a methodological approach that combines several qualitative research
methods, we have re-examined key documents to identify a set of relevant dimen-
sions of the three areas of knowledge (Technology, Context, and Mental Health).
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Next, we have reinterpreted the potential relationships between these dimensions,
both within the same area of knowledge and between different areas. Finally, we
have provided a set of considerations and validated them against existing literature.
When therapists and developers strive to design and create mobile apps for mental
health interventions, it is advisable that they take into consideration our findings
for designing custom mobile applications for mental health interventions. Adhering
to the holistic strategy described here can increase the possibilities of designing
mobile interventions that keep patients motivated and engaged and, therefore,
increasing the effectiveness of the psychological treatment.

Wykes et al. [192] argued that funding research on e-health and technology
applied to mental health interventions “generates a good return on investment,
reducing not only the burdens on individuals and families but also the costs of
care and support in the long term” [192, pp 2]. Our intention here is to attract the
attention of developers and therapists to comprehensively consider the multiple
interactions between the relevant dimensions of all areas of knowledge, as a
means to capture physical and social context. Instead of concentrating and trusting
only a few, they need to expand and make the diversity of dimensions and their
relationships a strategy to discover new options for the design of context-aware
mobile tools for mental health interventions.



4 | Development of a builder tool
for customizing location-based,
gamified apps for depression.

A new power is rising. Its victory is
at hand.

Saruman the white.

Depression is worldwide the most prevalent mental disorder, affecting hundreds
of million people and being the leading cause of disability. In lack of sufficient psy-
chological personnel and to improve efficiency, technology-assisted treatments are
increasingly being used to help patients. In particular, smartphone-based applica-
tions have proven to be a useful complement to traditional treatment, especially
when applying adherence techniques based on gamification. However, due to the
technological complexity of app development and its need for a multidisciplinary
(psychology - informatics) approach, the availability and versatility of such apps
is lagging behind. A compound software development methodology was applied.
First, a focus group, consisting of psychologists, was used to perform an initial re-
quirements elicitation. Subsequently, the agile development methodology SCRUM
was used to progressively develop the platform, receiving feedback through face-
to-face meetings with psychologists after every development cycle. This chapter
presents a software platform that allows therapists to generate and configure their
own location-based, gamified applications to perform interventions for patients with
depression. These apps collect patient’s data in real time, trigger location-based
personalized messages and apply a gamification strategy as configured by the
therapist according to the patients’ needs. The platform gives therapists a tool to
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develop location-based gamified apps for the treatment of depression, without the
need for a lengthy, multidisciplinary software development process. Therapists
testing the platform and generated apps were very satisfied and show a high
intention to use the tool in their therapy.

4.1 | Introduction

Depression is one of the great problems that humanity is currently facing [3] and
will be facing in the coming years [189]. According to the World Health Organisation
(WHO), “over 300 million people are estimated to suffer fro, depression”, and
depression is the leading cause of disability worldwide, and a major contributor
to the global overall burden of disease.” [284]. Next to the adversely impact
on people’s well-being, it also has a significant economic impact. For example,
Evans-Lacko et al. [4], indicated that the cost of mental disorders in the EU-25
was e72 billion in 2010.

Psychological treatments have been researched and established over the years
to battle mental disorders [285] in general, and depression in particular. One of
the dominant forms of psychotherapy is Cognitive Behavioral Therapy (CBT) [258],
whose interventions have been experimentally proven to significantly improve the
mental health of people. Among the components of CBT, literature shows that
behavioural activation (BA) is essential in the treatment of depression, because
its efficacy is equivalent to complete treatment [286, 287]. BA interventions are
therefore well-established, effective treatments [288] for major depressions [289].

Recent technical advances and developments in mobile devices and built-in
sensing capabilities opened the door for a new generation of psychological inter-
ventions in which the momentary and ecological features of the mobile technology
are exploited to monitor, evaluate and intervene in mental disorders. Recent
reviews to this matter highlight this trend; Thomée [290] evaluated 290 academic
studies in which technology played a key role in interventions for mental disorders
(including depression), and I et al. [291] conducts a systematic review on the
availability of smartphone apps for the treatment of mental disorders, resulting in
111 studies from 2013 to 2018. Clearly, mobile applications and related technology
(e.g. advance analytics, data collection methods, real-time interactivity and com-
munication) have grown exponentially and, consequently, it seems plausible for the
research community to take advantage of these technological advances to explore
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novel approaches to enhance the efficacy of treatments and patients’ satisfaction.
Even though there are some incipient examples that have fully embraced the
characteristics of the new medium to enhance the treatmetns (e.g. [292–294], as a
general rule of thumb, these new characteristics are presently underutilized [291].

One point of attention to further reinforce the uptake and usefulness of mobile
device-based interventions is how to increase the patient adherence to the mobile
app [229]. To this extent, serious games and gamification are promising techniques
with the potential to engage people and extend the reach of treatments to an
audience otherwise not reached.

In the context of mental health, [295] reviewed the interplay between serious
games and depression, concluding that the development of such a kind of tools
was feasible and, most importantly, that people were willing to try them, especially
young people. The authors argued that the latest data suggest an increase in
global access to game applications and in the adherence they offered. Game
techniques have also been used to predict which game features and elements
are more suitable for certain profiles [230], tailoring them to the peculiarities of
patients.

The application of game techniques and elements to the treatments of depres-
sion has been explored previously. Stallard et al. [296] developed a game tool
(Think, Feel, Do), designed to be facilitated by a professional, through which
children aged 11 to 16 years linked thoughts and feelings to differentiate positive
thoughts from negative ones in an accessible and friendly way. SPARX (smart,
positive, active, realistic, x-factor thoughts) [297] was a Computerized Cognitive
Behavioural Therapy (cCBT) program that focused on adolescents with depress-
ive symptoms. In it, a user avatar in a virtual world had to face and overcome
challenges in order to get rid of the world of negativity. Another example is the
Journey, a Flash-based game developed by Stasiak et al. [298] in which the user
travelled through a virtual world and obtained points by completing modules of
therapeutic content related to depression. Reach Out Central [299] was an online
serious game for young men (16-25) to encourage them to identify strategies to
improve their mood. The game included non-playing characters (NPCs) with whom
to interact; player’s responses affected both his mood and that of the NPCs. This
brief selection of examples shows that the incorporation of gamification techniques
and strategies into interventions can lead to increasing levels of adherence to
treatments.
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Besides the issue of adherence, a second problem in the current wave of
mobile device-based interventions is a lack of use of location analysis and location-
based technology [300]. Location-based games, also known as location-aware
games [301] or geogames [302], are games whose mechanics involve geo-
referenced elements and resources, i.e. elements that are contextual to the
surrounding environment. One of the most famous example is PokemonGO, in
which a user navigates in an augmented reality world to capture virtual creatures
and make them fight. PokemonGO did not discover the benefits of location
in games. Early adopters were Geocaching [303], Zombie Run [304], and In-
gress [305], while recent examples such as Origami [306] and Turf Wars [307]
embrace a variety of location-based technology. In one way or another, all of
these games take into account location as an integral part of the game mechanics.
The advantages are several; social relations, concentration, and outdoor physical
activity have been improved when users are engaged with location-based games
[308]. In addition, recent studies have shown that location-aware games enhance
collaboration [309] or even relationships between family members [310] through
collaborative learning techniques [311]. Experiences with location-based games
show that the combination of gamification with geo-referenced elements and
location-based technology not only provide new possibilities for entertainment, but
they can lead to great advances related to health, socialization and collaboration
[302, 312].

Built on previous work where a set of considerations for designing context-
aware mobile application for mental health interventions were discussed [300],
the objective of this work is the design and development of a platform to allow
health professionals to create, in a simple and intuitive way, mobile applications
for the treatment of depression. The generated mobile apps are able to include
gamification techniques to improve adherence and also take advantage of patient’s
position and location analysis to promote behavioral activation. However, having
a reliable activity-monitor system makes the technological development more
complicated due to the addition of gamification and location-based technology
on top of it. Although there exist some examples [313, 314], it seems prudent to
accept that the field remains largely unexplored.

Followed to this introduction, the methodological approach is described in Sec-
tion 4.2. Next, the complete technological platform is detailed in Section 4.3, as
well as the tools used for its development. Finally, the strengths and limitations of
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the research are discussed in Section 4.4, along with final conclusions.

4.2 | Methods

As the main outcomes are a software platform and tools, the methodological
approach is based on well-established software engineering methods. Because
we did not pursue the development of a particular app or game but a generator of
gamified, location-based mobile applications, the scope, intent and granularity of
the requirements and needs differed substantially from those for the development
of concrete, ad-hoc applications. Therefore, we combined software engineering
methodologies (Section 4.2.1) with qualitative research methods for requirement
and knowledge elicitation (Section 4.2.2).

4.2.1 Software engineering methods

The design and development of the platform and associated tools was carried
out in cycled iterations following the SCRUM agile methodology [315]. Contrary to
traditional software development methodologies, an agile methodology allows to
adjust project requirements and expected results during the course of the project.
This way, the development team can react quickly to unexpected situations or
changes of the project requirements, in order to avoid excessive delays in the
delivery of a functional software tool or service. In SCRUM, the basic temporal unit
is a sprint which may be thought of as a mini-project that goes through all relevant
phases in software development during a short period of time. As such, the final
tool or service is progressively developed step-by-step in small increments in a
series of sprints. In each sprint, a limited set of new characteristics are defined,
agreed, developed, tested and presented to interested parties, with the objective
of obtaining comments and points of improvement and refinement for subsequent
sprints.

For the development of the platform and tools, we took on most of the core
concepts of the SCRUM methodology such as the development in small increments
(i.e. sprints), user stories, frequent feedback and user-centred design, among
others. Other SCRUM concepts (e.g. daily meetings, sprint retrospective meetings)
were discarded because they were considered counterproductive to reach the
objectives in a reasonable time. That decision does not contradict the SCRUM
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methodology, but it is fully acceptable since SCRUM is a flexible methodology that
can be adapted to the often-changing circumstances of each project.

As mental health practitioners and psychologists are the primary users of the
platform, it was essential to understand their work and their specific needs before
entering into the development phase. Therefore, we established a few but robust
requirements (see above) that drove the planning of the sprints, and were subject
to fine-grained refinement during subsequent sprints.

4.2.2 Qualitative methods for requirement elicitation

We started the phase of requirement elicitation by conducting interviews with a
group of mental health practitioners and psychologists (authors: JBL, DC) of the
research group LABPSITEC (Psychology and Technology Laboratory, [316]. This
research group is specialized in applying technologies to psychological treatments,
so their members have an appropriate profile to make informed decisions about
the needs of the sought platform. These interviews allowed us to extract basic
needs and requirements as well as to establish a shared framework to enable a
fluid communication of scientific, technical, and psychological information between
the two disciplines. The latter is not a banal aspect but primordial to ensure the
success of interdisciplinary research. A recent literature review about mental
health apps for anxiety, depression and mood disorders, concluded that “there is
a significant disconnect between app developers, the scientific community and
health care, leaving the utility of existing apps questionable” [222, pp. 526].

Once the communication framework was set up, a focus group followed to
set out the needs and requirements of the platform and tools (see details in
[300]). In the focus group eight psychologists from the LABPSITEC group were
involved. Following the focus group methodology [214], participants were asked
to discuss the requirements for the assessment, monitoring and intervention with
smartphone applications. Participants were encouraged to consider the geographic
elements and location as drivers of the discussion. The focus group was recorded
and adhered to standardized protocols to ensure ethical considerations of the
participants.
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Figure 4.1: A moment of the Focus Group meeting in which the participants discussed specific
requirements of the platform.

The combination and integration of the results of the interviews and the focus
group yielded a list of main requirements (R), which have been taken into account
for the organization of sprints and hence for the development of the platform and
tools:

R1: The mobile app should be able to identify and monitor how many times a
patient leaves the house.

R2: The builder should allow the therapist to customize the number of times
recommended for each patient, messages received and the time at which
the messages should be displayed.

R3: The mobile app should allow the patient to check how many times she has
left home and compare it with the therapist’s recommendations.

R4: The mobile app should allow the patient to receive daily feedback.

R5: The viewer should allow the therapist to query and visualize the patient’s
monitored data and contextual data gathered by the app.

Once defined, these functional requirements were interpreted in the realm of
the design considerations stated in Miralles & Granell [300]. In that work, three
major areas of knowledge along with their relevant dimensions were discussed
(Table 4.1). These considerations are not intended to be an implementation guide
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but rather a series of evidence-based recommendations to increase the chances
of success for the design of location-based, context-aware mobile applications for
the treatment of mental disorders. Therefore, the elicited requirements framed with
these recommendations articulated the entire development phase (Section 4.2.1),
in the sense that these requirements and recommendations were contrasted at
the end of each sprint to ensure the intermediate results were as close as possible
to the envisioned ones. A certain degree of flexibility was encouraged, though,
to enable changes and adaptations when required but in close conversion and
agreement with the therapists. All in all, the platform and tools we have achieved
in this research closely resemble the ones that the therapists thought of during the
first interviews.

Table 4.1: Considerations for designing context-aware mobile apps for mental health interventions
[300].

Area of Knowledge Relevant Dimensions
Technology Interface and Gamification.
Context Place, Spatial Relationship and Sense of Place.
Mental Health Profile, Diagnostic and Actor.

4.3 | Results

The platform is conceived as an underlying infrastructure in which an ecosystem
of interrelated tools and services sits. Three tools stand out: a builder tool for the
therapist to configure and generate an operational mobile application; the mobile
app generated, which is used by the patient to collect contextual and patient’s
data; and the viewer tool, which allows the therapist to view and monitor collected
data from the patient. This section pays special attention to the builder tool and
the mobile app, and how they address the requirements elicited in Section 4.2.2.
We partially cover the viewer tool and the underlying infrastructure of the platform,
to highlight the connections with the builder and mobile app.

4.3.1 The builder tool

Mental health practitioners, who often do not possess developing and technical
skills, can use the builder to create their own location-aware gamified mobile
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applications. The goal is to accelerate their research and drastically reduce the
time required to deliver mobile applications as part of treatments. The builder
assists therapists to configure and personalize the resulting mobile application
to the needs of a patient or group of patients, addressing R2. Therefore, no
programming skills are required and the output of the builder is a location-based,
gamified mobile app for the patients.

From the therapists’ perspective, the builder allows them to focus on the design
and delegate entirely the implementation details to the builder. Design here means
that the therapists take into consideration all the relevant dimensions [300], and
determine the best way to relate them to the particular needs of the patient(s). For
example, it is strongly advisable for therapists to answer the following questions
in the realm of the expected functionality of the mobile application: How do the
Profile and Diagnosis dimensions relate to the Place and the Spatial relationship
ones? To put it short, are certain places important to the diagnosed disorders?
Can these places be spatially identified (e.g. a park) or are ambiguous to the
patient (e.g. zones without clear boundaries)? Do these places gain importance
as a patient is close, distant, or just right there?. Another key question is: How
does the Place dimension relate to the Interface dimension? That is, whether (and
how) the application interacts and communicate with the patient depending on
where the patient is. Does a patient get notified when he is in a predefined place,
or when he is approaching (leaving, crossing, etc) it, or when that place is never
visited?

While finding the connections among these dimensions (i.e. Technology, Context
and Mental Health in Table 4.1) may be hard work at first glance, they are in fact
pre-established by the application template provided by the builder. In other words,
each clinical choice in terms of a diagnosed disorder (depression, anxiety, panic,
etc.) entails an application template that in turn predefines a set of relevant
dimensions and the relationships between them. As a result, an application
template guides therapists in designing an application ensuring that the vital
dimensions and relationships among them are considered in the final mobile
application. Therapists must concentrate only on the customization process of
the builder tool to personalize the application template into a functional mobile
application. This way, the builder can generate multiple slightly variations of the
same application template based on each therapist’s settings. The builder currently
supports one application template, which meets R2 and targets population with
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depression. Other application templates will be supporting in the future to address
other types of mental disorders.

CREATE PATIENT

Step 1) Create New Application
Step 2) Select Time to 

Display Message

Step 3) Insert first message to show, 
including condition and thresshold.

Access to Builder

Application Created

Step 4) Create new messages, 
delete them or modify time.

Figure 4.2: Flowchart diagram of the process to create a new application using the Builder tool.

Figure 4.2 describes the entire process of the application creation. Using
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a browser application, the therapist accesses the web-based builder tool that
requires valid credentials. Once authenticated, a therapist registers the patient(s).
We strictly followed standardized mechanisms to ensure that concerns about
privacy and personal information are handled appropriately. For example, the
tool does not store any personal identification data of the patient, but a unique
and anonymous identifier is generated per patient to relate records (patients to
therapist, patients to apps) in own databases. Data storage and persistence
comply with ethical and privacy data regulations.

The configuration process starts by requesting the name and description of the
app (Figure 4.2, step 1). The next step is to enter the time of day at which the
therapist wants the patient to be notified with the updated information of their daily
progress (Figure 4.2, step 2). Although this sort of notifications are usually sent
at the end of the day, it is up to the therapist to decide the best time to notify the
patient. Alternatively, the app allows the patient to access these notifications at
any time because the patient may not remember (or even not know) the number
of times recommended by the therapist. When a patient checks the progress
bar, s/he can recall whether it is needed to go out for that day to get the success
message.

Timely and spatially accurate notifications are strictly necessary. The therapist
can add new messages (i.e notifications) by filling the fields in Figure 4.2, step 3.
The first configurable field is the content of the message delivered to the patient
which is a free text field. The Condition specifies a certain condition that must be
met. For example, the type of conditions expected is like leave home more than
(or less than or between) a certain number of times in a day. The second part of
the previous sentence is defined by the Threshold field, that permits a therapist
to specify a number of times in a day. Therefore, the three fields together define
simple rules of the form if-then, where the combination of the fields condition
and threshold specifies the if-clause and the message the then-clause. Finally, a
therapist can also manage the list of personalised messages (Figure 4.2, step 4).

It is important to note that the generated app (an APK file) is not really being
compiled, although that option was originally considered. Compiling an app each
time would have increased the technical complexity of the platform, as well as
the publication of the mobile app in the Google Play Store. In contrast, a highly
and acceptable level of personalization can be achieved by configuring the input
parameters of one application. These parameters are for example the definition
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of custom messages, the detection of the patient’s house, and the exact time
to launch notifications. Each application template defines one app; the builder
personalizes it according to the therapist’s selection to create the final app. In
consequence, the builder carries out quite a lot of steps behind the scene, which
are fully transparent to the therapist. That’s why we decided to use the term
"Create new Application" instead of "Create new Configuration", for the sake of
clarity.

Once the configuration process is completed, the configuration file is stored
and the application is created. The final step is to relate that application to the
patient (or patients, in case the therapist wishes to apply the same configuration
to many). When carrying out this Patient-Application relationship, a unique code is
generated for each relationship. This code is then introduced in the first execution
of the application to be properly configured for the treatment.

4.3.2 The mobile app

The builder generates a mobile app which is configurable according to the
therapist settings to satisfactorily meet the requirements R1, R3 and R4. It is
available for download from the Google Play Store, so a patient can easily install
it in any Android-based device. Two key steps are necessary to turn the generic
app into a customized one ready for intervention: activation and configuration.
When the app is opened for the first time, the users are asked for the necessary
permissions to operate such as energy management and access to GPS. In
addition, the app requests the activation code, the App Key (Figure 4.3, a) the
therapist have generated with the builder tool. Once entered and confirmed, the
app downloads the associate configuration file from the platform and installs it to
adopt the desired behaviour. From that moment, the customized app is up and
running to collect and monitor the patient’s data (e.g. movements).

During the first two days after activation, the app only controls the movement
of the patient. This is a baseline period to determine the patient’s home. The
app automatically clusters the gathered movement data and selects the most
prominent group (i.e., the most visited area) as the patient’s home. Once that
place is set, the patient will be receiving a notification periodically at the time
indicated in the Builder (Figure 4.3, b). At the time configured by the therapist,
the application sends the message associated with the number of times s/he has
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left home. The patient sees that number through an interface composed of the
message and a progress bar (Figure 4.3, c), as a simple example of the use of
gamification elements to motivate adherence to treatment. If at any time of the
day the patient wants to know the current status, he can check the progress bar
without awaiting for the next notification.

Figure 4.3: Screenshots of the built application. In a) the screen where the AppKey is entered is
displayed; b) is an example of the received notification; c) presents the interface that is accessed
both from the notification and from the app.

The patient can cancel the monitoring at any time, due to unexpected events
during the treatment. In addition, the patient can perform a data cleansing in the
mobile app, which means that all of the local data stored in the mobile app (e.g.
configuration data) is fully removed. Under the supervision of the therapist, this
action allows the patient to load another configuration file into the mobile app, for
example. Even in the case of cancellation or change of treatment, all the patient’s
collected and generated data during a treatment is stored and secured on the
server-side of the platform, so that the therapist can monitor a patient and analyze
the resulting data through a dedicate visualisation tool.

4.3.3 The viewer tool

While the builder and mobile app are core tools and tightly connected to carry
out a mobile intervention, the viewer can be seen as a complementary tool created
to increase the pool of resources for therapists. The web-based viewer allows the
therapist to monitor in real time the gathered data of a patient or group of patients
through convenient visual means to analyze and explore it, therefore addressing
R5. Given the list of patients, the therapist selects one of them to quickly visualize
the information that is generated continuously. By showing objective data arranged
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chronologically, the therapist obtains a global trend of the patient’s evolution. For
example, examining the value of the column “exits” (Figure 4.4), the therapist
can assess whether there is a tendency to increase the behavioral activation
component.

Figure 4.4 shows examples of feedback sent to the patient during the treatment.
The simple interface of the viewer tool makes it easier for the therapist to have
better control over information of clinical value. Indeed, through the viewer, a
therapist can review the contents of the treatment and launch new messages
which best suit to each patients.

Figure 4.4: Screenshot of the visual interface of the configuration "Times out of home", as part of
the viewer tool.

4.3.4 Technological infrastructure

The whole platform has been materialized as a distributed system composed of
applications, tools and services, which communicate with each other following the
client-server architecture pattern. That architectural pattern was ideal to satisfy
the functional requirements of the different users of the tools: a mobile application
with passive data collection capabilities for the patients, a web application with an
app builder and data viewer tools for therapists, and a shared data storage system
and analytic services accessible from both applications.

The functional and technical architecture of the platform can be seen in Fig-
ure 4.5. In previous sections, we have described the bottom part of the figure
(shadowed box), with which patients and therapists interact. Next, we describe the
other components and services that, although they are not visible to the therapists
and patients, take a pivotal role in the platform.
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Figure 4.5: Functional architecture and main components, tools and services of the platform.

Web Application. It is the entry portal for therapists. It wraps the builder
and the viewer tools, and hence provides unified access to both tools. When
accessing to the builder, the therapists are allowed to add patients, configure
mobile applications and assign patients to apps. When accessing the viewer,
therapists can monitor patients, see their status and their interaction with the
mobile application through the exploration of the collected data. Technically, the
Web Application has been developed using widely-used Web technologies such
as HTML5, TypeScript (JavaScript statically typed) and CSS technologies, and
so the builder and the viewer. In particular, the Web Application is a single-page
application (SPA) built with Angular framework [317] to make it highly modulable.
The use of Angular allowed us to split the web application user interface (UI) into
easy-to-manage, simpler components to ease the handling of business logic and
the connection to external services. The UI is built upon the basic components of
the CoreUI (Bootstrap-based) template [318] to achieve consistent aesthetic in all
its views. One of the benefits of the Angular Framework is smooth compatibility
with existing browser implementations. Therefore, the Web Application works in
most modern browsers.
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As regards the interactions with other services and components of the platform,
the builder authenticates users against a server-side authentication service, and
stores the configuration file in a remote cloud database. To monitor patient’s data,
the viewer reads customized messages (as part of the configuration) from the
cloud database, and also queries pertinent analysis services, as for example to
compute the number of times a patient leaves home a day.

Android App. It is the generated mobile application used by the patient (sec-
tion 4.3.2). In terms of the technology used and the data flow, the Android App
collects location data passively, in a completely transparent manner for the patient.
It is important to note that the patient never provides personal data but an access
code generated by the therapist (using in the builder) which serves as anonymous
user identifier. It also provides daily feedback through a notification, feedback that
can also be obtained at anytime via opening the application. Strict rules in the
handling of patient data are followed to ensure the privacy and security of personal
data [319].

The app has been developed using Java and is compatible with the Android
versions from 4.4 (KitKat) to 9 (Pie). For collecting user location it uses Google Play
Location Services [320]. These services enable a higher location accuracy and
less battery consumption, thanks to the intelligent use of a combination of satellite,
WIFI fingerprints, cell phone and embedded sensor signals. Patient location is
collected every minute by a foreground service launched by a scheduled alarm
trigger. Custom app configurations (about the kind of notifications to deliver, when,
etc.) are stored both in the server side and locally in a device’s local database
(SQLite) to allow offline usage. Like the web application, it remotely interacts with
the authentication service, remote cloud database and the analysis services.

Auth Service. Centralized authentication to all tools and components of the
platform is provided though a third-party service. Google’s Firebase Authentication
is the service of choice because it provides dual authentication, email-based and
anonymous-based, and integrates smoothly with the (Android-based) applications
and tools of the platform.

Firestore database. Like authentication, a third-party document database
centralizes remote data storage and persistence for all the platform’s tools and
components. Google’s Firebase Cloud hosts the authentication service (Auth
Service) and the database service called Firestore, which is a scalable, flexible
and schema-less database for storing ad-hoc configuration documents. This
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database service stores all the data generated by the tools. Therapists store data
associated to interventions, patients’ identifiers, and mobile app configurations; and
the mobile apps store mainly data collected passively from the patient. Firestore
is secured by the authentication service, which integrates perfectly because both
services are part of the Google Cloud family.

Analytics Server. Analysis methods are required to analyze the patient’s data
gathered in real time. Nevertheless, the detailed description of the design and
implementation of the analytics server and the analysis services deployed on
top of it are out of scope of this chapter. To better understand the role of spatial
analysis in the platform, the analytics server can be regarded as a catalog of spatio-
temporal analysis services specifically designed and created for their integration
in the mobile app and viewer tool. The services take advantage of the reactive
nature of the cloud database (Firestore) to populate a geospatial database [321]
that facilitates performing spatial queries on the data. The analysis services have
been developed with Python using Pandas and GeoPandas libraries, and they
implement a public REST-based API interfaces to client applications.

Among the list of available analysis services, the following two are relevant in
the context of this chapter (see requirements in Section 4.2.2): patient’s home
calculation (inferred from collected coordinates) and daily times outside home
computation. The former service, the computation of the patient’s home location,
could be unnecessary because the patient (or the therapists) could directly provide
his home location. Nonetheless, this is subject to a series of risks that could
cause the information obtained to be incorrect. This service takes two days of data
(baseline period), clusters them to rank the most visited places, and identify the
most promising place as home. The second service, the number of times a day
a patient leaves home, could also be calculated without the need for dedicated
services, however the agility that these technologies provide to realize spatial
queries benefits and facilitates access to this information. The web application
and the patient’s mobile app can access the exposed analysis services in order to
get the number of times he has left his home.
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4.4 | Discussion

4.4.1 Strengths of the builder

The main objective of this research was the development of a platform to expand
the catalogue of tools of psychologists to enable them to monitor and intervene
in patients with depression. The combination of knowledge and techniques from
the fields of mental health, psychology, geoinformatics, and computer science re-
quired an important interdisciplinary effort for knowledge elicitation and integration.
On one hand, we successfully established prolonged communication channels
between the mental health practitioners and researchers, on one hand, and com-
puter scientists and technicians, on the other hand, to understand therapists’
domain-specific terminology and way of working. We carried out diverse research
methods such as focus groups, interviews, and literature review to contrast the eli-
cited information from various sources instead of using one single source. We also
captured the technological and functional needs of the mental health practitioners
and turned them into operational tools and applications. Indeed, the resulting
information and insights go beyond the current development of the platform itself,
expanding the possibilities for interdisciplinary research and collaboration in the
future.

The builder tool has been designed to provide flexible customization. Each
patient has different needs, so the builder allows the therapist to establish a
custom app for each of them. The capacity of the therapists to quickly create
apps adapted to the individual needs of patients is a fundamental step towards
the achievement of personalized medicine in mental health [322].

From a technological point of view the platform has faced some challenges. The
automatic detection of the patient’s home represents an advance in the therapist’s
interaction with the user, reducing the errors that could arise from collecting it
manually. We suffered some technical problems related to energy management
and battery drained in the Android OS due to the continuous tasks of data collection
and monitoring. We mitigated this issue by employing techniques that do not utilize
only GPS measures, but take advantage of WIFI or accelerometer signals, reducing
the number of requests to the GPS sensor to the strictly necessary. However, there
is still room to optimize the data collection algorithms to obtain better accuracy
and consume less energy.
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4.4.2 Limitations and future perspectives

Although gamification is a part of our design, its use in this work is superfi-
cial, limited to motivation techniques (textual messages, progress bar) to improve
patient adherence. However, it presents a starting point, since techniques such
as achievements, grant points, unlock content and new phases within the treat-
ment are interesting improvements that could be supported by next releases of
the platform. Allowing the therapist to adapt the treatment by unblocking new
psychotherapeutic content as patients reach certain milestones in the treatment
is a promising gamification strategy viable through the builder tool. Finally, the
selection and inclusion of gamified elements in the user interface can be driven
by patient profiles. For example, more childish designs with avatars for clinicians
working with children, or more formal or serene interfaces for adult patients.

Technical issues prevented us from delivering the platform for real-work exper-
imentation as planned. Nevertheless, the ultimate goal is to reach a number of
patients to statistically validate the usefulness of the entire platform. Future plans
necessarily includes to test with real patients through case studies or n=1 trials to
later move to more robust designs such as RCT. Such a gradual experimentation
would allow us to 1/ evaluate the satisfaction of the patient and therapist, 2/ to
assess the effectiveness of the behavioral activation component by using the
mobile application and, 3/ to better understand to what extent the information
received by the therapist in real time allows to modify and adapt the treatment.

4.4.3 Conclusion

This work presents the design and technical development of a platform to assist
therapists to create and personalize location-based gamified mobile applications
for depression treatments. The Requirements elicitation through meetings and
focus group with psychologists has been described, as well as the process of
design and development of the entire platform and associated tools. In summary,
the lessons learned during the development phases and early tests of the platform
with therapists open a door to endless possibilities for extensions and applica-
tions: to address mental diseases other than depression, to add new gamification
techniques to increase patient adherence, to develop specific features for real-
time monitoring and better-adapted visual designs to enhance patients’ perceived
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satisfaction of mobile device-based interventions.



5 | Validation and experimentation
of the platform in case studies
with real patients.

The world is not in your books and
maps, it’s out there!

Gandalf the grey.

This chapter presents the validation of the platform with three use cases in
patients with two different disorders. Each disorder is treated in a different section.
The first one describes the treatment carried out in a patient suffering from panic
disorder and agoraphobia. In the second section, the treatment for two patients
with gambling disorder is explained. Both sections present a similar structure to
present the case studies and the use of the platform developed in the framework
of this thesis.



5.1 | Enhancing in vivo exposure in the treatment
of panic disorder and agoraphobia using location-
based technologies: A case study.

Panic disorder (PD) is a prevalent disorder in the general population, being
especially common with agoraphobia (PD/A). The treatment of choice for PD/A
is Cognitive-Behavioral Therapy (CBT), which is considered a first-line treatment.
New developments in psychopathology have increased the emphasis on the com-
mon underlying mechanisms that contribute to the development and maintenance
of emotional disorders such as PD/A. This is the case of transdiagnostic inter-
vention, an emotion-focused, cognitive behavioral intervention which has led to
the Unified Protocol (UP) as a form of CBT therapy to help patients learn new
ways of responding to their emotions. A core feature of this treatment approach is
the in vivo exposure (IVE) to feared situations which aims to prevent avoidance
behaviors and confront the patient with the feared situations gradually, with the
goal of habituation. However, it is a hard component for patients, especially when
implementing the exposure on their own, which leads to inherent difficulties of
exposure for those people who suffer PD/A. To help the patient, different formats
of feedback can be used to increase adequate IVE and diminish overt or subtle
avoidance. Particularly, Information and communication technologies (ICT) and
specifically the use of smartphones can be a very useful option to initiate and
sustain the exposure behavior. The purpose of the current case study is to de-
scribe the use of location-based technologies (LBT) when using a smartphone
app during the IVE component in the treatment of a 47-year-old patient with a
diagnosis of severe PD/A. In addition, the acceptability and usability of the system
was assessed by the patient. The patient received the UP for Transdiagnostic
Treatment of Emotional Disorders delivered by the UP Institute, Center for Anxiety
and Related Disorders (CARD), Boston University. The ICT platform Symptoms
was used during the situational exposure module, using LBT with a smartphone
app. The results show that the use of LBT presents relevant implications for the
treatment of PD/A and suggest several positive consequences of monitoring the
IVE sessions in real time during the patient’s treatment. In addition, studying the
patient’s acceptance and satisfaction regarding the use of the technology was
considered an important aspect. The patient reported positive expectations and
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high satisfaction scores, and an overall satisfactory experience with the platform.
Enhancing key therapeutic components during psychological treatment through
the development of media-based tools constitutes very promising future research
aims and new possibilities, that arise especially from advanced smartphones’
features, should be explored.

5.1.1 Introduction

The Diagnostic and Statistical Manual of Mental Disorder-5 (DSM-5 [55] asso-
ciates panic disorder (PD) to recurrent and unexpected panic attacks followed
by worries about their consequences concerning physical or social aspects [55].
The 12-month prevalence estimated for panic disorder in adults and adolescents
across the United States and several European countries is around 2%-3% [323].
Regarding panic disorder, the prevalence is especially common together with
agoraphobia disorder, with agoraphobic symptoms estimated to affect between
33% and 50% of patients with PD [324]. Agoraphobia disorder is described as
experiencing a marked fear or anxiety triggered by real or anticipated exposure to
a wide range of situations [55].

These disorders are frequently associated with a high level of social impact
(avoidance of relevant personal events), occupational impairment (absent from
work or school), and physical disability (comorbid with numerous general medical
conditions). In addition, PD entails a considerable socio-economic cost and
records the highest number of medical visits of all anxiety disorders, being the
effects strongest with the presence of agoraphobia. These symptoms, which are
linked to the diagnosis, are clearly associated with a poorer quality of life [55].

The treatment of choice for panic disorder and agoraphobia (PD/A) is Cognitive-
Behavioral Therapy (CBT) which is considered a first-line treatment [325–330]. The
efficacy of this treatment is supported by The Task Force Reports on Empirically
Supported Treatments (EST) [331] and the 12th Division of the APA. It has been
further reinforced by meta-analysis efficacy studies that report finding important
and long-lasting improvements [332, 333]. The core feature of CBT therapy is
the in vivo exposure (IVE) to feared situations which aims to prevent avoidance
behaviors and confront the patient with the feared situations gradually with the goal
of habituation [334]. This component is well established and is used to disconfirm
misappraisals and eliminate conditioned emotional responses to external situations
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in agoraphobic situations linked to the disorder. In spite of the efficacy of CBT
and IVE, it is a hard component for patients, especially when implementing the
exposure on their own. This leads to inherent difficulties of exposure for those
people who suffer PD/A [335, 336]. It, therefore, becomes important to enhance
IVE and its motivational features by some kind of therapeutic support.

Traditionally, guidelines for IVE sessions have included the support of a co-
therapist during the exposure or even the presence of the therapist outside of the
therapy office [337]. In addition, to help patients, different formats of feedback have
also been used to increase adequate IVE and diminish overt or subtle avoidance
[338]. However, some of these measures can have potential costs, such as time
and interference, with patients turning these measures into safety signals [337].
Moving forward, new developments in psychopathology have increased the em-
phasis on the common underlying mechanisms that contribute to the development
and maintenance of multiple disorders, especially emotional disorders (as the
case of PD/A) and are designing novel strategies to target these disorders [339].
This is the case of transdiagnostic intervention, an emotion-focused, cognitive
behavioral intervention which has led to the Unified Protocol (UP) as a form of CBT
to help patients learn new ways of responding to their emotions [340]. A number of
studies [341–346] including important randomized controlled studies (RCT), have
shown that the transdiagnostic approach and the UP can be as effective as the
CBT traditional diagnostic approach [340]. In addition, reviews and meta-analysis
studies have reported promising results [347–349].

In recent years, there has been an increased interest in using technology-
associated psychological interventions as a form of treatment for emotional dis-
orders, including PD/A. Several studies have been conducted in order to improve
the effectiveness of psychological treatments or clinical utility. The first promising
technology was virtual reality (VR), which emerged as an effective tool for apply-
ing IVE, reporting efficacy in the treatment of anxiety disorders [7–9], and more
specifically of PD/A [10, 11, 13, 350]. These pioneer studies included the CBT
approach. Furthermore, media development has led to the use of the Internet to
deliver CBT, obtaining very adequate results by RCT [14], systematic review and
meta-analysis studies in which the efficacy of these computerized programs has
been confirmed [15–17, 351]. Additionally, new approaches, such as the previously
mentioned transdiagnostic intervention, have been tested as an effective treatment
option in a web-based format for affective and mood disorders by RCT studies
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[351–353].

The implementation of Information and Communication Technologies (ICT) for
psychological intervention has been empirically tested. Along with the technology
itself and the clinical effectiveness, the issue of acceptability of the technology-
guided treatment is important when considering whether or not the use of ICT will
affect the therapeutic adherence and outcomes [354]. Acceptability refers to the
degree to which users are satisfied or at ease with the service and willing to use
it [355] and influences whether a treatment is perceived as fair and reasonable,
appropriate, and non-intrusive in addressing a problem [356, 357]. In the Tech-
nology Appraisal Guidance from United Kingdom, treatments are considered a
priority to properly assess intervention acceptability and the variables linked to
it; expectations, satisfaction, and usability. This in turn, makes these variables
become crucial features in psychotherapy results [358]. Several studies have
focused on the expectations and satisfaction with different ICT tools such as VR or
Internet-based treatment for delivering psychological treatments and specifically
the IVE in mental disorders and PD/A [10, 359, 360], reporting high satisfaction
with the exposure component mediated by technologies. Studying acceptability
and usability of an ICT has to take into account a very specific conceptualization
inside the user experience, exploring the ease of use of a product by a specific
user with clearly defined context and goals with the aim of enhancing the ICT de-
velopment. Even though few studies have addressed this topic [357, 361, 362], the
before mentioned ICTs have shown to be well-supported regarding acceptability
issues.

In mental health, additional advantages can be added by another ICT such
as mobile phones and smartphones. Smartphone utilization has experienced a
huge increase over the last years [18] and in consequence, researchers have
started focusing on the impact of these devices when used as tools to implement
psychological intervention and IVE components [363]. Smartphone portability
could be very useful in a variety of feared situations in which PD/A symptoms
happen. Additional smartphone features such as location-based technologies
with personalized feedback of the patient’s position could signify a starting point
to initiate and sustain the exposure behavior. In consequence, it can lead to
the improvement of IVE through the possibility of maximizing the motivation and
commitment of the patient. Although LBT could become a tool when prescribing
IVE, it will be upon the patient to carry out the exposure on his/her own. This study
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assumed a set of advantages of using these devices: a) the therapist can ensure
that the patient actually is in the exposure situation; b) the therapist can ensure that
the patient stays in the exposure situation for the necessary time in order to fulfill
the goals; and c) the patient’s motivation and commitment can be enhanced in the
real exposure environment. In previous works, when carrying out the treatment, the
context has been considered and treated as a variable. In the study of Addepally
et. all [124], they looked at using a mobile application (app) that would monitor the
location of depressed people. The app detected if the depressed patients were
in less-crowded areas (a frequent trait in depressed individuals according to the
authors) and, if affirmative, the patient would receive therapeutic strategies and
self-help assessment through the use of notifications. In a case report study [364],
a patient suffering from obsessive-compulsive disorder was allowed to configure
alarms in case they remained for a long time without changing places, using an
app that tracked their position. However, to the best of our knowledge, there are
no reports that account for LBT in a smartphone application for the treatment of
PD/A disorder during IVE. With all this in mind, the purpose of the current case
study is to describe the use of LBT in an IVE component during the treatment
of a patient diagnosed with severe PD/A while assessing the acceptability and
usability of the system by the patient. The hypothesis for this study was that the
location-based technology would enhance IVE during the treatment of the PD/A
by a) enhancing motivation and patient commitment b) reducing the avoidance in
a disorder in which location is core and c) being well-accepted by the patient.

5.1.2 Method

Patient

The patient is a 47-year-old married male who worked as a sport trainer and met
the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5)
criteria for panic and agoraphobia disorder. He has previously received treatment
for this problem but discontinued it because he did not perceive any improvement.
Although he does not remember exactly when his problem began, he reports
having the problem since he was a child, probably starting with a fear of heights
that evolved to other situations. The problem became progressively worse, to a
point of having a severe interference in his life, until he sought out help in our
clinic. At that time, he rated his problem’s severity and interference both as 8
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(in a scale ranging from 0 to 10). The main physical sensations experimented
by the patient included hand sweating and dizziness. The patient stated being
extremely concerned about the possibility of suffering panic attacks in a feared
situation which could onset the arrival of physical symptoms that could result in
loss of control. This problem has additionally created issues in his professional
life because he feels he cannot move far away from his town. Due to his problem,
several of his job tasks have been impaired resulting in him losing central work
activities. In terms of medication, he has been taking 1 mg of alprazolam daily
during years and reports that it helps him sleep well. When the patient arrived
at our clinic, he arrived with significant agoraphobic avoidance even though he
did not experience unexpected full panic attacks now because he avoided every
feared situation. The patient presented comorbidity with acrophobia.

Therapist

The therapist was a member of our research team with more than ten years
of experience in the therapeutic field including both technology-mediated and
psychological intervention.

Measures

Several common psychiatric testing measures were used in order to establish
the diagnosis and to evaluate the effects of the intervention. However, given that
the component under study was IVE by location-based technologies (IVE+LBT),
only the measures related to this component will be presented in the chapter (with
the exception of the diagnosis measure).

Diagnosis measures and measures for the target behaviors:

• Anxiety Disorders Interview Schedule–IV [365] (ADIS-IV). The ADIS- IV is
a semi-structured interview that assesses anxiety disorders included in the
DSM. The ADIS-IV has demonstrated interrater reliability from satisfactory
to excellent when used by expert clinicians who are familiar with the DSM
diagnostic criteria [365]. In the present study, the PD and agoraphobia and
specific phobia sections were used.

• Fear and avoidance scales (adapted from Marks and Mathews [366]. The
patient and the therapist established target behaviors or situations that the
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patient avoided because of his PD/A. The target behaviors were defined
as the behaviors for which avoidance created substantial impairment in the
patient’s daily life. He rated the level of avoidance on a scale of 0-10 (0= I
never avoid it; 10= I always avoid it) and the level of fear on a scale of 0-10
(0= no fear; 10= extreme fear) for each target situation.

Measures for expectations and satisfaction with the ICT system:

• Expectation and satisfaction scale (adapted from Borkovec and Nau [367]
regarding the IVE+LBT component used previously in our research group
in other ICT contexts [359, 368, 369]. This questionnaire was used to
measure patient’s expectations, before, and satisfaction, after, the IVE+LBT
component. The questionnaire included six items; how logical the IVE+LBT
component seemed, to what extent it could satisfy the patient, whether the
patient would recommend this component treatment to others, whether it
would be useful in treating other problems, the component’s usefulness for
the patient’s problem and to what extent it could be invasive. This last item
was considered a key factor in assessing the ICT system during IVE. Due to
the main characteristics of the LBT, it was important to assess any disruption,
annoyance or intrusion on patient’s privacy caused by the ICT. Both parts
(expectations and satisfaction) ranged from 0 to 10, being 0= ”not at all” and
10= ”very much”.

Measures for acceptability and usability of the ICT system:

• System Usability Scale [370] is one of the most used tools for assessing
perceived usability [371]. It consists of ten items, half of them are written in a
direct style and the other half in an inverse style. A five-point scale is used
for rating the level of agreement, from 1 (strongly disagree) to 5 (strongly
agree). This scale has a score contribution of the scale position minus 1 for
the items 1,3,5,7 and 9, and 5 minus the scale position for the items 2,4,6,8
and 10. A formula is used to calculate the score as a percentage scale from
0 to 100.

Treatment and IVE

The patient received the UP for Transdiagnostic Treatment of Emotional Dis-
orders delivered by the UP Institute, Center for Anxiety and Related Disorders



Chapter 5. Validation and experimentation of the platform in case studies with
real patients. 105

(CARD), Boston University. The treatment program was structured into 8 modules.
The sessions included in each module lasted around 1 hour and were delivered
weekly. The IVE+LBT component was carried out during the interoceptive and
situational exposure module, keeping in line with the structure of the UP program
[372]. The patient was exposed to his main target behaviors in a gradual exposure
hierarchy, progressing from the easiest to the most challenging situations and
following the exposure hierarchy created between the patient and the therapist.
LBT was used during the IVE.

System description

The application used with the case study was developed in 2018 as part of an
ongoing platform called Symptoms. The goal of the Symptoms platform is to create
personalized, location-based mobile applications for mental health treatments. The
platform presents three different tools: a web-based Builder tool, the generated
mobile APP, and a web-based Viewer tool:

Builder

The therapist accesses the web-based Builder through a URL using widely
supported web browsers. Once registered and identified, the therapist can create
patient profiles and applications. To create a patient profile, the therapist introduces
some basic descriptive data (Figure 5.1). To create an application, the therapist
must enter some basic data and then s/he has to select on a map the relevant
places for the patient. In addition, for each of these places, s/he has to enter a
personalized message (Figure 5.2). Once the patient and the application have
been created, the therapist links them both, so that the application is assigned to
the patient. In technical terms, this personal link is ensured by generating a unique
Application Key (AppKey), which must be used to activate the mobile application.
The builder has additional, configurable characteristics which allow the therapist
to handle diverse situations with ease. For example, as the treatment evolves, so
does the application but the patient only needs to upgrade her/his mobile-app as
usual. Another example is that instead of having one-to-one relationships (one
application, one patient), the same application can be assigned to a group of
patients with similar conditions.
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Figure 5.1: Screenshot of the Create Patient form.

App

The outcome of the builder tool is an Android-based mobile application. The
patient downloads it on her/his mobile phone from the Google Play Store and
installs it. To launch it the first time, an AppKey, which is provided by the therapist,
is requested (Figure 5.3). Once the AppKey is entered, the mobile application
is unlocked and starts working in background mode, without interfering with the
patient’s regular use of the smartphone. Once the app is running, every time the
patient arrives at any of the places that the therapist has configured, s/he will
receive a notification with the personalized message that the therapist had written
for that particular place.

Viewer

The Viewer and the Builder are two sides of the same coin. The therapist can
access the web-based Viewer through the same URL as the Builder. Therefore,
the builder and the viewer complement each other. Therapists can only access the
data produced by their applications, i.e., those created by them using the builder.
Once authenticated, a therapist can browse and analyze the patient’s gathered
data. S/He can also inspect the gathered data according to the spatial and
temporal dimensions, by observing the places visited by the patient (Figure 5.4).
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Figure 5.2: Screenshot of the New Place form.
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Figure 5.3: AppKey Request Screenshot.

Figure 5.4: Screenshot of the viewer.
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Figure 5.5: Technological Architecture of the Symptoms Platform.

The whole platform is developed by integrating a mix of technologies. Figure 5.5
depicts the architecture of the platform. The Builder and the Viewer are part
of the same web application, developed with the JavaScript Angular framework
version 6. They are connected to a Google Firebase’s Firestore database, for
data persistence, and both utilize the Firebase’s authentication system. The
Builder’s database stores the patient’s data and the applications’ configuration
data, including selected places and personalized messages. Using the Firebase
Functions, the Builder lets therapists associate an application with a patient by
automatically generating an AppKey.

The mobile application is developed in Java using the Android Studio develop-
ment environment. As the app connects to the same database as the Builder
and Viewer, it can download the important places with their associated messages.
The AppKey is used to ensure that the correct configuration is loaded into the
app. Once the app is correctly initialized, it runs a background service for patient
monitoring and data gathering. This service uses Google’s location-based ser-
vices to gain access and communicate with different embedded sensors such as
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accelerometer, GPS or Wi-Fi. In this way, the current location of the patient is
captured. The requesting interval is not fixed. During the night, or whenever the
mobile device is motionless, the app will detect this lack of movement through the
accelerometer, and the time between requests will increase. By doing so, the app
saves battery. When a new location is received and stored, it is checked against
the list of stored places. If the user is in one of the stored place, a notification with
the message of the therapist is sent to the user. The user’s location is stored both
locally and in the Firestore dateabase.

Finally, the Viewer connects to the Firestore to access the patient’s information
and allow the therapist to explore it through tables, charts, and maps, offering
different viewing options (by dates, by place, aggregated, etc.).

Design and procedure

This study follows a case study design. The patient asked for help at the Jaume
I University Anxiety Disorders Clinic, Spain. First, he underwent a screening
assessment and, having met the inclusion criteria, he then signed a consent form
to participate in the study. Inclusion criteria included the following: a) meeting
the panic and agoraphobia diagnostic criteria and b) providing written, informed
consent. Exclusion criteria included: a) suffering from a severe mental disorder
(schizophrenia, bipolar disorder, and alcohol and/or substance dependence dis-
order); b) medical disease/condition that prevents the participant from carrying
out the psychological treatment; or c) receiving another psychological treatment
during the study. The assessment consisted of two 60-minute sessions to evaluate
the diagnosis and establish the target behaviors. The ADIS-IV interview was
carried out in the first session and the second session was used to conduct other
self-report measures and establish the patient’s target behaviors. The rest of the
measures linked to the UP treatment were carried out in the context of the full ther-
apy. Given that the component under study was the IVE+LBT, only the measures
related to this component will be presented in the chapter and emphasized in this
procedure section. Following the assessment and before starting the treatment,
the therapist explained the basis of the treatment and the use of LBT to support
the IVE. The patient agreed to take part in the research.

Once the consent form for participating in the research and the consent form
to use the LBT were filled out properly, the treatment started. The exposure
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sessions were conducted in correspondence with the UP modules. Before starting
the exposure module, therapist and patient created a gradual exposure hierarchy
attending to the core situations feared by the patient. Then, the expectation about
IVE+LBT component was evaluated by the patient before the first exposure task
was conducted. The locations assessed by the fear and avoidance scales were
configured and their positions were set by the therapist and the app was installed
on his own smartphone. Every time the patient arrived at one of the core places
during the IVE tasks, he received a notification with the particular message written
by the therapist “you have just arrived at an important place. Remember to work
with all the strategies you know”. The LBT was used during the patient’s IVE tasks,
in which he had to confront the different scenarios related to his fear. Following all
the exposure tasks, the satisfaction and acceptability and usability of the IVE+LBT
were measured by the patient with the self-report measures.

5.1.3 Results

Target Behaviors

The patient carried out weekly IVE for a period of 4 months, in different situations.
Figure 5.6 displays the main target behaviors selected for the exposure tasks, as
well as the fear and avoidance ratings from the patient. As shown in the figure, they
were bridge, mountain, train, and music concert. All the selected target behaviors
caused a certain level of impairment in different areas of the patient’s life.

The locations were positioned by the LBT and configured to receive the notifica-
tion when the patient arrived at these core places during exposure tasks. Once
the exposure session started, the patient achieved 100% of the goals established
regarding the exposure tasks, that is, there was no avoidance in any case at the
end of the exposure session. Even though it was not a goal of the present study,
preliminary results regarding the fear and avoidance situations show an important
reduction of the score of the scheduled target behaviors rated by the patient and
positioned by the IVE+LBT.

Expectations and Satisfaction regarding the IVE+LBT

Table 5.1 shows the patient’s acceptance of the treatment. He reported high
expectations before starting the IVE+LBT component. In addition, he made a
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Figure 5.6: Located target behaviors with fear and avoidance rating.

highly positive evaluation afterward. Especially important for this research is the
question about to what extent it could be invasive. The patient rated that question
as “not at all”. The loss of privacy due to detailed information about the system
usage being sent to the therapist could have created interference with the opinion
about the system. However, this was not the case in this study.

Satisfaction and usability of the IVE+LBT

The perceived satisfaction and usability for the user was very high in all items
except item 4 (see Table 5.2). This item refers to the following statement “I think
that I would need the support of a technical person to be able to use this system”.
An interview with the user revealed that this score was due to technical problems
experienced one day during exposure tasks. This problem was related to the
frequency with which the mobile phone made the GPS request. The Android
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Table 5.1: Expectations and satisfaction with IVE+LBT.

Expectaction IVE+LBT Satisfaction IVE+LBT
Item 1 10 10
Item 2 10 10
Item 3 10 10
Item 4 10 10
Item 5 10 10
Item 6 0 0

operating system has some particular policies in the use of background services,
this happens because of an issue of energy management. By default, the system
slows down high consumption processes to reduce battery consumption and in
some cases, this can delay the Geolocation service of the app, causing a delay
in message delivery. Once the problem was detected, the background service
was partially modified to improve its execution precision (making the application
request energy management permissions at the beginning of its use). With these
changes, the messages worked properly again.

Table 5.2: Usability test about IVE+LBT.

Item 1: I think that I would like to use this system frequently 5
Item 2: I found the system unnecessarily complex 1
Item 3: I thought the system was easy to use 5
Item 4: I think that I would need the support of
a technical person to be able to use this system

3

Item 5: I found the various functions in this system were well integrated 5
Item 6: I thought there was too much inconsistency in this system 1
Item 7: I would imagine that most people would learn to use
this system very quickly

5

Item 8: I found the system very cumbersome to use 1
Item 9: I felt very confident using the system 5
Item 10: I needed to learn a lot of things before I could
get going with this system

1

The overall value for satisfaction and usability was 95 points, which according to
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the qualitative scale developed by Bangor et al. [373] means that the system is
within an acceptable range, with adjectives rating between “excellent” and “best
imaginable”.

Finally, some qualitative information was collected from the patient’s experience,
here are some of the opinions expressed by the user after the IVE+LBT component:

General opinion:

“The use of the system was very interesting for me, especially in the motivational
aspect. It was extremely important for me to have a record of the completed
exposures”.

Specific experiences:

“There was a day in which I forgot the smartphone with the app, and I went
back in order to carry out the exposure task. The most important aspect about the
system, one which I really appreciated, was the role it took on of a personal trainer
for each exposure task”.

Regarding the notification:

“Ok, the notification could be interesting, but it was not the most important thing
for me. To record my activity and to record the work well done, that was what
made me even more committed throughout the treatment”.

5.1.4 Discussion

The results obtained in this case study show that the use of LBT presents
relevant implications for the treatment of PD/A. The positive consequences of
monitoring the IVE sessions in real time during the patient’s treatment seem to be
several; 1) the certainty that the patient’s efforts are being recorded and visualized
by the therapist 2) the technology is well-accepted by the patient and 3) it has
the possibility of increasing the adherence and commitment to the scheduled IVE
tasks. The patient reported positive expectations and high satisfaction scores,
coinciding with previous studies showing that ICT treatments are well accepted
[10, 359, 360]. These results with more advanced technology reach a high
importance, since a positive relation between expectations and satisfaction with
the ICT treatments and intervention efficacy have been found in [374]. In addition,
the data on intrusiveness are especially relevant. As pointed out earlier, the patient
reported that the IVE+LBT was not invasive before and after the treatment and
that it did not interfere with the fulfillment of the exposure tasks. Finally, usability
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results reported a satisfactory experience of the patient with the system. Based
on the technology acceptance model, the authors have suggested that one of the
factors that can be related to the intention to use a product in the future is ease of
use [183, 188]. Therefore, the usability, which is already an important attribute in
the use of any technology [375], becomes a prerequisite in the use of technology
for mental health. Technology must be completely transparent from the beginning,
otherwise, a slow learning curve or high frustration during use would interfere with
the therapy and negatively influence the outcome of the treatment. Therefore,
efforts to research and ensure the usability of new ICT approaches are crucial.

Previous research has focused on the ethical considerations of using exposure
therapy [335] and how it may become problematic in different stages of the therapy
outside of the safety context with therapist or co-therapist. The development
of specific ICT strategies as additional tools to guide the IVE can be useful in
reducing avoidance, increasing overall functioning, and enhancing the motivation
and commitment of the patient with critical components of the therapy, and in this
case, feared situations. In short, one could ask oneself if some of these tool-guided
exposure elements could significantly improve adherence to treatment and reduce
drop-out rates (a major issue encountered in research studies), particularly in
PD/A which is highly characterized by avoidance behaviors, attrition ranges from
10% to 55% [354, 376, 377]and where some variables of the disorder can affect
the treatment’s discontinuation.

From a technical point of view and given the simplicity of the creation of the
application, the adaptability of this tool is also presented as a positive feature.
Changing the indicated places or the information delivered can be done fast and
without requiring specific technical knowledge. This makes adapting the application
to the evolution of the patient or to be used with others an easy task, bypassing the
technological barrier that involves customizing applications for different patients,
even for the therapists. Generating this type of in-situ intervention has always
been somewhat complex, requiring time-consuming traditional methods or trusting
the patient to carry out the indicated tasks. Thanks to this tool, this process has
been streamlined, allowing the therapist to focus their attention on the therapeutic
content and delegating the monitoring and delivery of the materials to the mobile
device.

With regards to the application itself, at the moment it only allows for a basic
configuration: places and information in text format. However, it would have been
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interesting to be able to include other variables, for example, different messages
arriving depending on the time (a message at the beginning of the exposure, a
message in the middle and one at the end) or more complex content such as
multimedia. Currently, only text information is allowed but moving forward it would
be interesting to include images or videos to improve the quality of the intervention.
Although the application is focused on intervention, it would also have been positive
to use real-time feedback in the form of questionnaires that are able to identify,
for example, the anxiety of the patient. In general, there are a series of functions,
which do not have a great complexity from the technological point of view, which
would allow to considerably improve the options when creating the application.
In terms of the study’s shortcoming, the main one is that it is a case study. In
order to increase the confidence in the described IVE+LBT system and maximize
the new exposure format in PD/A and additional mental disorders, it would be
necessary to apply this technology to larger samples and future robust studies in
an experimental design that includes a control group. Despite these limitations,
however, we believe that this work contributes to the improvement of IVE of PD/A
by innovative ICT tools by using LBT.

The IVE+LBT system described in the present research could represent a useful
starting point and could prove essential in opening up new paths to extend its use
to several additional disorders, especially those related to core locations involved
both in the course of the disorder and the treatment. Examples of disorders
that could benefit from this system are situational phobias, where the system
can play a similar role enhancing the IVE tasks and gambling disorders where
location-based technologies could be used to enhance stimulus control during the
initial treatment of this non-substance-related disorder, reducing the abstinence
violation. At the present time, our team is already working on the first pilot study
using this technology for this last type of population [378]. We consider this line
of research particularly relevant for future studies that wish to evaluate the role
of these devices on treatment motivation, patient commitment during exposure
tasks, and therapeutic adherence. Future studies could also address the inclusion
of assessment tools in the system. That is, in order to advance in the Ecological
Momentary Assessment (EMA), the inclusion of the anxiety and avoidance level,
even ratings of the beliefs in catastrophic thoughts could be done through the
same platform, creating an electronic record that could offer a full picture of the
IVE task performed by the patient. The results of this study suggest that using the
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application to continue adding intervention components during IVE exposure tasks
can be very beneficial for the patient, following scheduled ways of administering
psychological support as previous studies already have done [379] and reaching
lower dropout rate, and better adherence to treatment.

The design of these novel strategies to target psychological disorders and
enhance key therapeutic components could be benefited by the media-based
tool development and would constitute very promising future research aims. In
the case of smartphone devices, they also offer innovative advantages and it is
imperative to continue exploring new possibilities.
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5.2 | Enhancing therapeutic components in the treat-
ment of gambling disorder using location-based
technologies: A case study of two participants´
experiences.

Gambling Disorder (GD) is a non-substance-related disorder leading to clinically
significant impairment in different important areas of life, such as job, educational
opportunities and significant relationships. GD represents an emergent public
health problem with prevalence ranging up to 5%. Cognitive Behavioral Therapy
(CBT) is considered the treatment of choice, being stimulus control (SC) and
exposure with response prevention (ERP) core components. In spite of the
efficacy of CBT, SC and ERP are not easy components to deliver and they are
hard for the patients. There are inherent difficulties, related to the commitment,
for those people who suffer GD and high attrition rates and relapses are generally
present. Thus, it becomes important to maximize key therapeutic components
and its motivational features by some kind of support, as well as to explore new
ways to enhance the patient’s compliance in regard to SC and ERP components.
The use of smartphones is a very useful option to initiate and sustain these key
components. The main purpose of these case studies is to describe the use of
location-based technologies in SC and ERP components during the treatment of
two patients diagnosed with GD while assessing the acceptability and usability
of the system by the patients. The Symptoms platform was used during the SC
and ERP modules. The patients reported positive expectations, high satisfaction
scores, and overall satisfactory experience. The work contributes to improving
the disorder by providing tools during the treatment’s crucial components and by
offering a starting point that opens up new paths for psychological interventions
through the use of smartphone devices which offers promising possibilities.

5.2.1 Introduction

Gambling Disorder (GD) is a non-substance-related disorder defined as a persist-
ent and recurrent problematic behavior leading to clinically significant impairment
or distress ([55]). Pathological gamblers (PG) usually need to bet with increasing
amounts of money to accomplish the desired feeling of excitement and show an
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irritable emotional state when they try to cut down or stop gambling. Although
PG repeatedly attempt to control, cut back or stop gambling, it is unsuccessful.
Distressed feelings are common triggers of GBs and when PG lose money they will
usually gamble again to “chase losses”. PG are often worried about gambling (i.e.,
thinking about past experiences, planning next wagers or thinking about different
ways to get money for betting) and lie about to what extent they are involved.
For this reason, different important areas of life such as job, educational oppor-
tunities and significant relationships, can be affected. The complexity of the GD
characteristics is associated with a high comorbidity with other psychological dis-
orders ([380–382]) such as mood and anxiety disorders, substance use disorders,
personality disorders (i.e., borderline or antisocial), attention-deficit hyperactivity
disorder (ADHD), impulse control disorders, and schizophrenia ([380, 383–386]).
GD represents an emergent public health problem. In Spain, a study carried out by
the Directorate General for the Regulation of Gambling, DGOJ (2015) [387] shows
that 24.3% are non-gamblers, 69.4% non-risk gamblers, 4.4% at-risk gamblers,
1% problem gamblers, and 0.9% PG at any time in their life according to the NODS
criteria.

The first-line treatment for GD is Cognitive-behavioral therapy (CBT) [388–
390] and it has been further reinforced by systematic review and meta-analysis
efficacy studies that report finding important and long-lasting improvements [391].
The core features of CBT therapy for gambling disorder are stimulus control
(SC), curtailing exposure to gambling opportunities and cues, and exposure with
response prevention (ERP) which aims to prevent playing behaviors and confront
the patient with overwhelming urge with the aim to habituating or extinguishing it
[392, 393]. SC is introduced initially in order to avoid gambling cues and establish
an abstinence period. After, ERP is incorporated for achieving the habituation
process of the urge to gamble considering the presence of a particular emotional
reaction or gambling related stimulus. Both components are well stablished
[394]. In spite of the efficacy of CBT, SC and ERP, these components are not
easy to deliver and they are hard for the patients. There are inherent difficulties,
related to the commitment during SC, for those people who suffer GD and high
attrition rates and relapses are generally present [395]. This leads to inherent
treatment difficulties for people who suffer GD and therefore, it becomes important
to enhance key therapeutic components and its motivational features.

Media-based tools have contributed to the development of new strategy designs
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to target psychological disorders. In recent years, there has been an increased
interest in using technology-associated psychological interventions as a form of
treatment for psychological disorders, including GD. Several studies have been
conducted in order to improve the effectiveness of psychological treatments or clin-
ical utility. The first promising technology was virtual reality (VR), which emerged
as an effective tool for psychological disorders, reporting efficacy in the treatment
of GD and the ERP component [396, 397]. Furthermore, media development
has led to the use of the Internet to deliver CBT, obtaining very adequate results
by RCT [398–401], systematic review or meta-analysis [391, 402] in which the
efficacy of these self-guided treatments has been confirmed in many countries.
The implementation of Information and Communication Technologies (ICT) for
psychological intervention has been empirically tested. Along with the technology
itself and the clinical effectiveness, the issue of acceptability of the technology-
guided treatment is important when considering whether or not the use of ICT
will affect the therapeutic adherence and outcomes [354]. Acceptability refers to
the degree to which users are satisfied or at ease with the service and willing
to use it [355] and influences whether a treatment is perceived as fair and reas-
onable, appropriate, and non-intrusive in addressing a problem [356, 357]. In
the Technology Appraisal Guidance from the United Kingdom, it is considered a
priority to properly assess intervention acceptability in treatments and the variables
linked to it; expectations, satisfaction, and usability. This in turn, makes these
variables become crucial features in psychotherapy results [358]. Several studies
have focused on the expectations and satisfaction with different ICT tools such
as VR or Internet-based treatment for delivering psychological treatments [10,
359, 360] including gambling disorder [398, 400], reporting high satisfaction with
the exposure component mediated by technologies. Studying acceptability and
usability of an ICT has to take into account a very specific conceptualization inside
the user experience, exploring the ease of use of a product by a specific user with
clearly defined context and goals with the aim of enhancing the ICT development.
Even though few studies have addressed this topic [357, 361, 362], the before
mentioned ICTs have shown to be well-supported regarding acceptability issues.

The large increase in mobile phones and smartphones over the years (Taylor and
Silver, 2019) offers additional and largely unexplored advantages to implementing
psychological treatments in different mental disorders with the support of these
technologies [363]. Smartphone portability could be very useful in a variety
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of feared situations in which GD symptoms happen. Specifically, the location-
based technologies (LBT) with personalized feedback of the patient position could
enhance key therapeutic components in specific disorders and could signify a
starting point to initiate and sustain the behavior required during SC and ERP
components. Consequently, it can lead to the improvement of the patient suffering
pathological gambling by maximizing the motivation and commitment. Although
LBT could become a tool when prescribing some therapeutic components, it will
be upon the patient to carry out the tasks on his/her own in several situations
where gambling happens, both in the offline gambling and online gambling. The
most prevalent way of gambling is offline [387], but since online gambling was
legalized in Spain in 2012, it has been considered the second cause of GD for
patients undergoing treatment [403] and LBT can be very useful.

This study assumed a set of advantages of using these devices: a) the therapist
can ensure that the patient actually is committed to the SC; b) the therapist can
ensure that the patient stays in the exposure situation for the necessary time in
order to fulfill the goals during the ERP component; and c) the patient’s motivation
and commitment can be enhanced and supported by the mobile device. In previous
works, when carrying out the treatment, the context and LBT have been considered
and treated as a variable. In the study of Addepally and Purkayastha (2017) [124],
they looked at using a mobile application (app) that would monitor the location
of depressed people. The app detected if the depressed patients were in less-
crowded areas (a frequent trait in depressed individuals according to the authors)
and, if affirmative, the patient would receive therapeutic strategies and self-help
assessment through notifications. In a case report study [364], a patient suffering
from obsessive-compulsive disorder was allowed to configure alarms in case they
remained for a long time without changing places using an app that tracked their
position. In a case study carried out by our research team, LBT was used during
the IVE component in the Unified Protocol treatment of a 47-year-old patient with
Panic Disorder and Agoraphobia. The focus of the study was to enhance key
therapeutic components during in vivo exposure and the patient reported positive
expectations, high satisfaction scores, and overall satisfactory experience (5.1).
However, to the best of our knowledge, there are no reports that account for LBT
in a smartphone application for the treatment of GD during SC and ERP.

The main aim of this case study with two participants is to describe the use of
LBT in SC and ERP components during the treatment of two patients diagnosed
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with GD while assessing the acceptability and usability of the system. The hy-
pothesis for this study is that the location-based technology would enhance the
therapeutic components during the treatment of the GD by a) enhancing motivation
and patient commitment, and b) being well-accepted by the patient.

5.2.2 Method

Patients

Patient 1 is a 28-year-old male with higher education, who worked in a family
company and was diagnosed with problematic gambling according to the Spanish-
language version of the National Opinion Research Center DSM-IV Screen for
Gambling Problems (NODS [404]). He had not previously received treatment
for this problem. He lives with his parents and has been in a relationship with
his girlfriend for over two years. He places bets on sports, especially soccer,
and can´t remember exactly when the betting started although he thinks that it
probably started more than five years ago when he and his friends used to bet
on soccer matches as a way of entertainment. During the last year before the
treatment, he started to bet alone and spent the majority of his free time betting.
The patient had no debts, but he recognized that he spent money in uncontrolled
ways during his gambling sessions. His main thoughts are focused on his sports
betting skills and “the possibility of winning a lot of money through gambling”, in
addition he described himself as a competitive person who likes to win. He didn´t
identify specific emotions linked to gambling but indicated feeling a kind of thrill
while gambling and linked to the possibility of winning money. He started to have
significant problems, especially severe arguments with his girlfriend because of the
time he spent betting or thinking about it. It was then when he perceived gambling
as a situation which was out of his control and decided to request psychological
help. He also decided to talk to his parents by himself to inform them about the
situation and received everyone’s support. At the beginning of the treatment, no
co-therapist was involved given that the patient was not currently gambling, had
not acquired any debts and had reported his gambling situation to his significant
people. His girlfriend’s contact information (with her consent) was noted in case
it was needed at any time during therapy. There was no substance abuse and
the patient wasn´t receiving pharmacologic treatment at the time. The patient
mentioned having some social problems probably linked to the social anxiety that
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can appear in those who are willing to receive psychological treatment once a
gambling problem is addressed. When the patient attended therapy, he was trying
to stop gambling.

Patient 2 is a 46-year-old single male with basic studies and who was em-
ployed at a company. He met the Diagnostic and Statistical criteria according to
the Spanish-language version of the National Opinion Research Center DSM-IV
Screen for Gambling Problems (NODS [404]). He had not previously received
treatment for this problem. He mostly plays slot machines and additionally places
bets on different types of gambling. He started to play in 2009 as a way of en-
tertainment, coinciding with the acquisition of a credit for the construction of his
new house. Soon he started to think about the possibility of gambling as a way of
winning money to pay for some of his expenses. He started to play more during
the day, between 10 minutes to 3 hours, changing the places where he played
but with 3-4 favorite places. One day he spent more than 1,000 euros playing slot
machines and he progressively ran up important debts of approximately 23,000
euros from credit banks, friends and his work company. The main thoughts stated
by the patient were “Now I’m going to win and I will be able to recover the loss” or
“today I am going to be lucky”. Even when trying to stop the gambling behavior,
he has never succeeded. The patient identified some negative emotions strongly
linked to the gambling behavior such as feeling alone. His sister and brother know
about the situation and his brother is the person involved in the therapy process as
a co-therapist. There is no substance abuse and no other psychological diagnosis.
The patient wasn´t receiving pharmacologic treatment at the time. As the patient’s
positive characteristics and strengths it is important to note that he is very dynamic,
with significant social support and a wide range of pleasure activities which he
usually practices on a daily basis. When the patient attended therapy, he was
trying once again to stop gambling after significant economic and family problems.

Therapist

The therapist was a member of our research team with more than ten years
of experience in the therapeutic field including both technology-mediated and
psychological intervention.
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Measures

Several common psychiatric testing measures were used in order to establish
the diagnosis and to evaluate the effects of the intervention. However, given that
the component under study was SC and ERP by location-based technologies
(SC+LBT; ERP+LBT), only the measures related to this component will be presen-
ted in the paper (with the exception of the diagnosis measures).

Diagnosis measures and measures for the target behaviors:

Primary Outcome Measures

• NORC DSM-IV Screen for Gambling Problems (NODS [405], 1999 Spanish
version by Becoña [404]). The NODS is a hierarchically structured 17-item
screen that is designed to assess the at-risk, problem, and pathological
gambling. It refers to the gambling experience both throughout the person’s
life and in the last year, with the alternatives being dichotomous (Yes / No).
The total score ranges from 0 to 10 (1-2 affirmative items correspond with
at-risk gambling; 3-4 items with problem gambling; and 6 or more with
pathological gambling). The data obtained on specificity and sensitivity is
good, its test-retest reliability is 0.98, and its validity is excellent considering
that it corresponds strictly to the DSM-IV criteria.

• Target behavior scales (adapted from Marks and Mathews, 1979 [366]) used
to identify problem situations because of gambling. The target behaviors
were defined as the behaviors linked to gambling and creating substantial
impairment in the patient’s daily life. The patients rated the level in terms
of the overwhelming urge or craving state prior to engaging in the specific
gambling behavior (0=nothing; 10= maximum).

Measures for expectations and satisfaction with the ICT system:

• Expectation and satisfaction scale (adapted from Borkovec and Nau [367])
regarding the SC/ERP+LBT component used previously in our research
group in other ICT contexts [359, 368], including pathological gambling [396].
This questionnaire was used to measure patient’s expectations, before,
and satisfaction, after, the SC/ERP +LBT component. The questionnaire
includes six items; how logical the SC/ERP +LBT component seemed, to
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what extent it could satisfy the patient, whether the patient would recommend
this component treatment to others, whether it would be useful in treating
other problems, the component’s usefulness for the patient’s problem, and to
what extent it could be invasive. This last item was considered a key factor in
assessing the ICT system during SC/ERP. Due to the main characteristics of
the LBT, it was important to assess any disruption, annoyance or intrusion
on the patient’s privacy caused by the ICT. Both parts (expectations and
satisfaction) ranged from 0 to 10, being 0= “not at all” and 10= “very much”.

Measures for acceptability and usability of the ICT system:

• System Usability Scale [370] is one of the most used tools for assessing
perceived usability [371]. It consists of ten items, half of them are written in a
direct style and the other half in an inverse style. A five-point scale is used
for rating the level of agreement, from 1 (strongly disagree) to 5 (strongly
agree). This scale has a score contribution of the scale position minus 1 for
the items 1,3,5,7 and 9, and 5 minus the scale position for the items 2,4,6,8
and 10. A formula is used to calculate the score as a percentage scale from
0 to 100.

Treatment

The patients received an intervention based on cognitive behavioral treatment
(CBT) comprised from 8 sequential therapeutic modules: motivation for change,
psychoeducation, stimulus control (e.g., self-prohibition and blocking of usual
gambling) and responsible return of debts (in the case of patient 2), cognitive
restructuring, emotion regulation, planning of significant activities, coping skills
and exposure with response prevention, and relapse prevention. The sessions
included in each module were delivered weekly in around 1-hour sessions. The
SC+LBT and ERP+LBT component was carried out during the stimulus control and
exposure with response prevention modules, respectively, keeping the structure
of the aforementioned CBT-based intervention and including the location-based
technologies which allowed the patient to receive personalized messages during
the treatment process and specifically during the SC and ERP components. That
is, during the exposure with response prevention modules, the patients were
exposed to their main target behavior and used the location-based technology
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included in the study. The program´s content, including the eight modules with
objectives and contents can be seen in Table 5.3. All of these modules exhibit
a similar structure: a therapeutic content part presented with text, exercises and
activities, a brief summary of the module, and tasks to complete before continuing
through to the following modules.
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System Description

For the present study the Symptoms platform was used, adapted to the gambling
disorder pathology considered for this work. The full tool has been described in
the section 5.1.2.

Design and Procedure

This study follows a case study with two participants. The patients asked for help
at the Jaume I University Anxiety Disorders Clinic, Spain. First, they underwent a
screening assessment and, having met the inclusion criteria, they then signed a
consent form to participate in the study. Inclusion criteria included the following:
a) meeting the gambling disorder diagnostic criteria (pathological or problematic
gambling) and b) providing written, informed consent. Exclusion criteria included:
a) suffering from a severe mental disorder (schizophrenia, bipolar disorder, and
alcohol and/or substance dependence disorder); b) medical disease/condition
that prevents the participant from carrying out the psychological treatment; or
c) receiving another psychological treatment during the study. The assessment
consisted of two 60-minute sessions to evaluate the diagnosis and establish the
target behaviors related to the gambling behavior. The NODS was carried out in
the first session and the second session was used to conduct other self-report
measures and establish the patient’s target behaviors. The rest of the measures
linked to the treatment were carried out in the context of the full therapy. Given
that the component under study was the SC/ERP+LBT, only the measures related
to this component have been presented in the paper and emphasized in the
measures section. Following the assessment and before starting the treatment,
the therapist explained the basis of the treatment and the use of LBT to support
the mentioned therapeutic components. The patients agreed to take part in the
research. The expectation with the SC/ERP+LBT components was evaluated by
the patients before the treatment was conducted.

Once the consent form for participating in the research and the consent form to
use the LBT were filled out properly, the treatment started. The target behavior
scale was assessed before each treatment session. Before starting the SC module,
therapist and patient created the core situations linked to the gambling behavior
and in consequence their target behaviors. The locations were positioned by the
LBT and configured to receive the notification when the patient arrived at these
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core places during SC and ERP. The app was installed on their own smartphone.
During the SC module, every time the patient arrived at one of the core places,
they received a notification with the particular message configured previously by
the therapist “You are in a risk zone, because it has been a place of gambling,
remember that it is now important not to stay here”. After the first use of the app,
following the recommendations given by the theoretical framework of ICT usability
[370, 371] the System Usability Scale was filled out by the patients. During the
ERP module, every time the patient arrived at one of the core places during the
exposure tasks, they received a notification with the particular message configured
previously by the therapist “You are in a relevant place, the exposure begins, if
there is an urge to gamble, use the strategies you have learned and leave the
place when it has decreased”. Following all the exposure tasks and after treatment,
the satisfaction with the SC/ERP+LBT components was measured by the patients
with the self-report measures, as well as the ICT component usability assessment.

5.2.3 Results

Patient 1 carried out the weekly treatment for a period of 4 months and patient 2,
who is still undergoing treatment, carried out 3 months of weekly treatment during
the time of the study. Target behaviors

In Figure 5.7, the main target behaviors established by the patients and therapist
regarding the gambling behavior, as well as the overwhelming urge ratings from
the patients can be found. As shown in Figure 5.7 and 5.8, they are “sports betting”
(for patient 1) in which the patient highlights the “excitement and urge to follow a
strategy and the possibility of winning money” and “slot machines” (for patient 2)
where the patient emphasizes a “strong overwhelming urge to gamble and distrust
regarding his own capacity to resist it”. The selected main target behaviors caused
a certain (severe in the case of patient 2) level of impairment in different areas of
the patients´ life. Once the treatment started, there were no relapses reported by
the patient or the co-therapist. Even though it was not a goal of the present study,
preliminary results regarding the overwhelming urge in the target behavior show
an important score reduction in the scheduled situations, supported by LBT during
the treatment.
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Figure 5.7: Overwhelming urge to play slot machines (0-10) and distrust regarding his own capacity
to resist it for patient 2.

Figure 5.8: Appettive urge to playing slot machines (0-10) and distrust about his capacity to resist
it for the patient 2.

Expectations and satisfaction regarding the SC/ERP+LBT components.

Patient 1

He reported high expectations before starting the treatment and a high satisfaction
after receiving it. Specifically, the patient considered that it could be invasive in a
moderate form before starting the treatment, but after the intervention, invasiveness
was assessed as low (Figure 5.9).
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Figure 5.9: Expectation and satisfaction with the SC/ERP+LBT by patient 1

The perceived usability score is high in both assessment moments (first app´s
use and after treatment) and it increases slightly after the intervention (Table 5.4).
In particular, one of the important aspects that improves is the confidence when
using the system.

Table 5.4: SC/ERP+LBT usability test for patient 1.

Items First Use After Intervention
1: I think that I would like to use this system frequently 4 4
2: I found the system unnecessarily complex 1 1
3: I thought the system was easy to use 5 5
4: I think that I would need the support of a technical
person to be able to use this system

1 1

5: I found that the various functions in this system were
well integrated

5 4

6: I thought that there was too much inconsistency in this
system

2 1

7: I would imagine that most people would learn to use
this system very quickly

5 5

8: I found the system very cumbersome to use 1 1
9: I felt very confident using the system 2 4
10: I needed to learn a lot of things before I could get
going with this system

1 1

The overall value for satisfaction and usability was 87.5 points after the first
use and 92.5 after treatment, which according to the qualitative scale developed
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by Bangor, Kortum, and Miller (2008) [373] means that the system is within an
acceptable range, with adjectives rating between “excellent” and “best imaginable”.

Patient 2

Currently, this patient is undergoing the intervention, so we have only reported
data about expectations at pre-intervention (Figure 5.10) and the system usability
after the first use of the system (Table 5.5). He reported high expectations before
starting the treatment and a high perceived usability after the first use, during the
SC component. He did not consider it at all invasive.

Figure 5.10: Expectation with the SC/ERP+LBT by patient 2

The overall value for satisfaction and usability was 100 points for patient 2 (after
the first use). This score is the maximum of the scale and in the same way as
patient 1 and according to the qualitative scale developed by Bangor et al. (2008)
[373], it means that the system usability perceived for this participant was the “best
imaginable”.

Finally, we obtained some qualitative opinions from the patients regarding their
experience. Here are some of the opinions expressed by the users after the
SC/ERP+LBT:

Qualitative opinion (Patient 1):

• Although I thought it would invade my privacy, knowing that it was used for
this specific purpose was not a problem.



134
5.2. Enhancing therapeutic components in the treatment of gambling disorder

using location-based technologies

Table 5.5: SC/ERP+LBT usability test for patient 2.

Items First Use
1: I think that I would like to use this system frequently 5
2: I found the system unnecessarily complex 1
3: I thought the system was easy to use 5
4: I think that I would need the support of a technical
person to be able to use this system

1

5: I found that the various functions in this system were
well integrated

5

6: I thought that there was too much inconsistency in this
system

1

7: I would imagine that most people would learn to use
this system very quickly

5

8: I found the system very cumbersome to use 1
9: I felt very confident using the system 5
10: I needed to learn a lot of things before I could get
going with this system

1

• It did not use a lot of battery and I haven’t had any technical problems.

Qualitative opinion (Patient 2):

• The system reinforces the aspect of avoiding going to prohibited sites.

• It is a reinforcement and one has in mind that he has made a mistake.

• I haven´t found the system invasive.

5.2.4 Discussion

The results obtained in this case study including two participants´ experiences
show that the use of LBT presents relevant implications for the innovation in
the treatment of gambling disorder with different types of severity. The positive
consequences of monitoring the patients during the treatment seem to be several;
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1) the certainty that the patient’s efforts are being recorded and visualized by
the therapist, 2) the technology is well-accepted by the patient, showing positive
expectations and high satisfaction, and 3) it has the possibility of increasing the
commitment to the scheduled SC tasks (before) and ERP components (after).
The reported positive expectations and high satisfaction scores by the patients
coincide with previous studies showing that ICT treatments are well-accepted [10,
359, 360], also in pathological gambling studies [398, 400]. Specifically, LBT has
been well-assessed in a previous pilot study with another pathology (see section
5.1) obtaining promising preliminary results. These results with more advanced
technology reach a high importance, since a positive relation between expectations
and satisfaction with the ICT treatments and intervention efficacy have been found
in [374]. Consequently, it is important to continue improving the treatment by
innovative tools which can have direct implications on effectiveness.

An important aspect is to what extent the LBT considered for the study could be
invasive. Patient 1 considered invasiveness as low especially after the intervention
and patient 2 expected that the system would not be invasive at all. Due to the type
of ICT considered in this work and the aimed disorder, the data on intrusiveness
are especially relevant. The loss of privacy due to detailed information about the
system usage being sent to the therapist could have created interference with the
opinion about the system. However, this was not the case in this study and LBT
was not considered invasive or an interference in the fulfillment of the SC and ERP
components. Finally, usability results reported the patient’s satisfactory experience
with the system. According to the qualitative scale developed by Bangor, Kortum,
and Miller (2008) [373] this means that the system is within an acceptable range,
with adjectives rating between “excellent” and “best imaginable”. Based on the
technology acceptance model, these authors have suggested that one of the
factors that can be related to the intention to use a product in the future is ease of
use [183, 188]. Therefore, the usability, which is already an important attribute in
the use of any technology [375], becomes a prerequisite in the use of technology
for mental health. Technology must be completely transparent from the beginning,
otherwise, a slow learning curve or high frustration during use would interfere with
the therapy and negatively influence the outcome of the treatment. Therefore,
efforts to research and ensure the usability of new ICT approaches are crucial.

Previous research has focused on the importance of using personalized feed-
back interventions for gambling disorders [406] and how it can show success
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as a low-cost intervention for reducing problematic behavior in addictions. The
use of innovative ICTs such as LBT can be a first step to continue working on
the treatment of this pathology. Specifically, the development of particular ICT
strategies as additional tools to guide the SC and ERP components can be useful
in increasing overall functioning, enhancing the motivation and commitment of
the patient with critical components of the therapy and reducing the abstinence
violation, relapses and dropouts, especially important and high in pathological
gambling ([407]).

From a technical point of view and given the simplicity of the creation of the
application, the adaptability of this tool is also presented as a positive feature.
Changing the indicated places or the information delivered depending on the
therapeutic component (SC or ERP, for example) can be done fast and without re-
quiring specific technical knowledge. This makes it easy to customize applications
for different patients and therapeutic components. As was mentioned previously
(Chapter 5.1), generating this type of in-situ intervention has always been some-
what complex, requiring time-consuming traditional methods or trusting the patient
to carry out the indicated tasks. Thanks to this tool, this process has been stream-
lined, allowing the therapist to focus their attention on the therapeutic content
and delegating the monitoring and delivery of the materials to the mobile device.
Future improvements of the tool have been discussed in the previous section
(Chapter 5.1) and could have an important utility in the context of pathological
gambling. This is the case of including additional variables to improve the quality
of the intervention, such as different messages arriving depending on the time (a
message at the beginning of the ERP component, a message in the middle, and
one at the end of this therapeutic component) or more complex content such as
multimedia resources (images or videos) which can help during the exposure to
the relevant target places for the gambling behavior. To extend the application of
the tool beyond the intervention and include feedback in the form of questionnaires
that are able to identify, for example, the overwhelming urge of the patient could
also be very useful.

This study has some shortcomings. The main one is that it is a case study with
the purpose of testing an innovative tool in the field of pathological gambling. In
order to increase the confidence in the described SC/ERP+LBT system, it would
be necessary to apply this technology to larger samples and future robust studies
in an experimental design that includes a control group. In addition, the application
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at the moment only allows for a basic configuration (information in text format and
places) as was mentioned before. However, despite these limitations, we believe
that this work contributes to the improvement of the disorder, providing tools during
key components of the treatment by offering a starting point that opens up new
paths for psychological interventions through the use of smartphone devices which
offers promising possibilities.





6 | Conclusions

All we have to decide is what to do
with the time that is given us.

Gandalf the grey.

This chapter summarizes the main contributions and findings of the study and
discuss them in a broader context. In particular, in the fist section, we summarise
the main research contributions and reflect on how they have addressed the
initial research questions raised on Chapter 1. Next, we discuss the limitations of
the research work. Finally, we conclude the manuscript by suggesting a future
research agenda.

6.1 | Main research contributions

This thesis has covered all the stages in a software engineering project in partic-
ular, and a scientific research project in general. The thesis presented the analysis
and elicitation of requirements, design and development of a platform capable
of creating context-aware mobile applications for monitoring and intervening in
mental health treatments, and the validation of the platform in real experiments.

The work begins by analyzing the current state of the art (Chapter 2) to address
O/RQ1 - what is the current state of the art in the use of mobile applications
for psychological interventions?. For doing this a systematic review was carried
out that identified the most addressed disorders and the technical features that
have been used in this type of applications. The results indicated that the use of
sensor and mobile technology is growing rapidly. In addition, the review results
showed that depression and anxiety were the most popular disorders in terms
of the number of studies and applications that focus on them. Regarding the
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technical characteristics, it is striking that many of the surveyed works were limited
to transferring the traditional way of doing things, without taking advantage of
many of the techniques offered by recent technological advances, such as artificial
intelligence or geolocation. This review gave a general perspective that guided the
direction that our platform development should follow.

To answer the O/RQ2 - what are the design considerations that must be taken
into account so that a technological development applied to psychological inter-
ventions maximizes the chances of success?, we started with the results of the
previous review to identify which areas and dimensions should be taken into con-
sideration for the design and development of context-aware, mobile apps (Chapter
3). The methodology employed was the combined use of diverse qualitative meth-
odologies to identify the key dimensions and, most importantly, to reflect on the
relationships between these dimensions and their impact in the design of this type
of apps for interventions. Not only does the resulting model take into account
technological dimensions, but it also accounts for the dimensions relative to the
environment in which the applications are used, and the dimensions pertinent to
the mental disorders. In summary, the Technology area was based on Interface
and Gamification dimensions; the Context contained Place, Spatial Relationship
and Sense of Place dimensions, and Mental Health involved Profile, Diagnosis
and Actors dimensions.

We took the two previous contributions as inputs for the design and develop of
the Symptoms platform (Chapter 4), as the main engineering contribution that sat-
isfactorily addresses O/RQ3 - can we develop a technological platform that allows
therapists to create their custom mobile applications for psychological interventions
in a simple way and without the need for technological knowledge?. The platform
allows therapists to configure and create their own mobile applications for the inter-
vention in hand, requiring only basic, user-level technological knowledge to interact
with the platform. This permits, on the one hand, to increase the range and number
of tools available to therapists who do not have technical knowledge but who can
still create their own mobile apps adapted to the needs of their interventions. On
the other hand, the platform ensures that the generated mobile app takes into
account all the design considerations seen in Chapter 3 and lessons learned from
the previous contributions (review - O/RQ1) and preliminary scientific results ([235,
408]). In chapter 4, we described the conceptual and technical architecture of the
platform, and the technical development of the contained elements, accompanied



Chapter 6. Conclusions 141

by an use case on depression to ease the reader’s understanding of the platform’s
features.

The platform is composed of three main elements: A Builder, a web application
to allow therapists both to register their patients and intervention applications, and
to configure and create mobile applications with the characteristics needed; one (or
several) mobile applications, which are delivered to patients and are responsible
for carrying out interventions (or evaluations) on the patient’s mobile phone; and
finally a Viewer, another web application which permits therapists to monitor and
visualize relevant information from the patient collected during the psychological
intervention.

The platform and accompanying tools and apps have been validated through
in-lab and real-life experimentation to address the O/RQ4 - does the technological
platform support psychological treatments for distinct mental disorders effectively?.
In-lab validation were traditional tests (e.g. test cases, dry run test, etc.) conducted
under controlled conditions prior to use the tools and apps with real users on the
street. The most important were real-life experiments with patients. In particular,
we based our assessment on three real use cases: a patient suffering from panic
and agoraphobia and two others suffering from pathological gambling (Chapter
5). The results of the experiments showed positive expectations and high levels of
satisfaction, highlighting how positive this type of applications can be when they
are included in treatments.

As stated in the introduction, each of the central chapters was devoted to
answer one of the research questions. We strongly believe that the contributions
resulting from this thesis get us closer to the general objective of the research
work: Extending the number of technological tools available for therapists and
mental health professionals to cope effectively with interventions related to mental
health disorders. Allowing the clinicians themselves to create their own tools has a
strong impact on the final interventions, according at least to the following points:

1. Quantity: Being able to easily design and create an application should
promote the use, experimentation and validation of applications. We expect
that these types of interventions will proliferate as therapists may share their
experience with peers and colleagues.

2. Precision: As the applications are fully customizable, adapted to each
patient, these can be used anywhere without the need for specific technical
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adaptations, and subject only to the needs of each patient, urban context and
the criteria of each therapist. These adjustments are done via configuration,
which means the two identical mobile apps can behave slightly different
depending on the city were they are deployed. Consequently, this will allow
the intervention to be much more precise and concrete, thereby improving
adherence and results.

3. Power: Despite there are more and more applications available as demon-
strated in the systematic review (Chapter 2, [291]), their technological char-
acteristics are still under-explored. We hope that the Symptoms platform will
allow mobile applications take greater advantage of the sensors and techno-
logies that are available on smartphones and mobile devices. In addition to
being more personal, more powerful, more reactive to the environment, this
will make the resulting applications more context-aware and more efficient.

Technological developments and psychological treatments have always been
considered differentiated sciences and possibly they are, however, there is a
common part with enough space to specialize entire teams in it. Engineers
often find it difficult to know the specific needs of clinicians and, vice versa, also
for clinicians to know the available technological possibilities. This research is
expected to shed some light in this direction to encourage more people to join
that common space. Multidisciplinary teams with researchers from both fields will
better understand what is needed in the therapy to relate it to the options offered
by the technology, while offering the possibility to carry out these developments
easily and quickly, positively impacting the society.

6.2 | Limitations

This thesis is not free from limitations. It is a work that has gone a long way,
from the identification of the problem and requirements, to the creation of recom-
mendations or considerations and the development of the platform, to testing and
validation of the tools in real case studies. In this journey, this thesis has navigated
between two differentiated disciplines, mental health and computer science, and,
consequently, this has generated different types of conflicts and limitations.

One of the most important limitations has been time.The time available to carry
out all the research activities is simply limited: meetings with experts, software
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development and testing, and, above all, experimentation with patients. All these
tasks required enormous amounts of time. Looking at the potential results of
this thesis, it would have been desirable to deepen more in some aspects, for
example, to have more meetings with psychologists, to extend the platform with
more functionalities like profiling, and to pay more attention to other aspects all
the platform such as usability and accessibility. Properly covering these aspects
would surely have resulted in better tools for therapists than those reported in this
thesis. On the positive side, though, the basis for achieving this objective is made
and demonstrated in the findings of this thesis; It is a matter of investing time to go
further and expand the results reported here.

If experimentation with patients is a time-consuming activity and is not completely
under the control of the author of this thesis (also depending on psychologists,
patients, etc.), the type of experiments described in Chapter 5 based on case
studies represent the minimum standards from the perspective of Psychology. It
would have been highly desirable to recruit a greater number of patients, idyllically
reaching a complete RCT. Obviously, an RCT provides the highest standards in
terms of efficiency, feasibility and assessment of the tools used in the intervention,
but also would have required much more time, exceeding by far the typical temporal
window in the doctoral program. The plan, recruitment and availability of patients
depend on many factors which are often beyond the control of a single person and,
therefore, are not easy to carry out. Despite this, some actions have been initiated
to address these shortcomings as pointed out in the next section (Future Work).

Logistic-wise, another limitation is the current regulations of the doctoral pro-
gram in computer science. The present manuscript was initially conceived as a
compendium of scientific articles that each one described, independently, a phase
of the investigation process. Unfortunately, the necessary requirements of a thesis
to be considered “compendium of articles” were modified in the last year, including
that at least three of the publications had an impact index at the time of writing the
thesis manuscript. As is often the case in science, the times of scientific publication
are very variable and unpredictable. The structure of this thesis is (unofficially) a
compendium of scientific articles; however, given that all but Chapter 3 are still
in the reviewing process and the definitive responses from the journals are still
pending, the thesis is therefore not officially filed as "compendium of articles".
Despite this administrative misunderstanding, the author wishes the reading of the
work captures the reader’s interest through a fluid and coherent thread, expecting
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that the submitted publications will be published definitively in the coming months.

From a technological point of view, the platform utilizes the latest technologies
available in web development at that time, and hence we cannot state that the
platform is powered by cutting edge technology. Basically for two reasons. First
of all, technology changes fast, very fast; the speed at which the technology
advances is always greater than that of development. For example, the initial
development of the platform began with Angular version 2 and ended with version
8. A side-effect is that periodic software upgrades are not always simple and often
involve more problems than improvements; although the platform is constantly
updated, the one presented in this thesis is not the latest version. Secondly, public
releases of the platform must rely on stable and consolidated technologies since it
has been applied to real use cases and experimenting with unstable tools might
have unintended consequences on the treatment and even on patient’s health.
Since patient’s well-being is always a priority, making a patient dependent on
technology during experimentation was never an option in the realm of this thesis.

Like all research work, if this thesis were to start again, there could possibly be
things that would be done differently. We would try to go further and try to make
the limitations affect as little as possible the research work. Perhaps that learning
is part of the contributions that a doctoral thesis makes in a field, the methodology
carried out itself, the mistakes made and the things that have been learned in that
process.

6.3 | Future Work

This work has provided the foundation on which further possibilities may arise.
Making the creation of applications accessible to the therapists themselves, without
the need for intermediate technical teams, and to take advantage of the relevance
of the context and techniques to improve adherence in interventions, have been
raw contributions that are expected to propel both advance developments and
open many more research opportunities in the field.

From an objective point of view, as mentioned in the scientific productivity gen-
erated by the thesis, some awards have already been obtained. The impact of the
achieved findings in this thesis is not only measured in terms of scientific publica-
tions but also as funded research projects and granted predoctoral scholarships.
Of these scholarships, it should be noted that they pursue differentiated research
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objectives that are expected to lead to considerable growth of the platform in
the future. In particular, research work is already being done on more complex
analyzes taking advantage of contextual information. For example, the use artificial
intelligence to make clinical predictions based on the trajectories or the behavior of
the patients. Another line of research is the ability to predict if a person’s behavior
pattern is a symptom of another possible problem or becomes a proof that the
treatment actually works. Another interesting aspect beyond the present thesis is
to focus on intervention, for example, to directly communicate intervention-related
information to the therapist or to the people involved in the treatment, and to deliver
an immediate response at the right time and place to patients to alleviate their
problem.

There is also room for improvement from a more technical point of view. To
mane a few, new explorations can range from improving the technical character-
istics of the platform and applying last technologies, to obtaining a better battery
performance in the mobile applications, to applying heuristics methods to speed
up analyzes that are performed on the server, to integrate external services such
as weather services and social networks into the platform to gather more and
better contextual information.

If we look at the adherence, it is already being investigated how to add new
gamification techniques to the platform to reduce abandonment rates. These
techniques can be based on virtual environments that make the patient much
more aware of their status and the consequences through the interaction with a
gamified or social application.

From a clinical point of view we have seen examples of contextual information in
three dimensions. Firstly, the situation of depression, where behavior was analyzed
and guidelines were provided. Secondly, the addition of places to visit, for disorder
like agoraphobia, where the patient is encouraged to go to a specific place to
expose himself to his fears. Finally, the incorporation of prohibited places where
the patient is encourage to keep away from these places. However, the possibilities
are enormous. For example, future lines may imply the analysis of trajectories
to compare them with patients’ moods, or the exploration of what characteristics
of the social and built environment can influence most in the patient’s mood and
emotional perception so as to suggest those places that are more recommended
to make an intervention a success.

These are only some of the research lines that may arise from this thesis,
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but it is expected that the on-going investigations aforementioned will open new
possibilities as well as research challenges. Finally, the author of this thesis would
like to emphasize that this work consolidates a line of research in the immediate
future so that researchers, patients and society in general can benefit from an
improvement in the quantity and quality of psychological treatments. In other
words, the author would like that the work that has been done in the forge to help
warriors have better weapons can overcome the evil that lies ahead.
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A.1 | Supplementary Material A: Keywords

The list of keywords related to psychology were:

• mental (and also e-mental)

• psycholog* (i.e. psychology, psychological)

• psychiatric

• emotional

• health (and also e-health, u-health)

• treatment(s) (and also pretreatment, post-treatment)

• disorder(s)

• intervention(s)

• therapy(ies)

• distress,

• affection

• depressi* (i.e. depression, depressive)

• anxiety,

• ecological momentary intervention

The list of keywords related to computer science were:
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• cell (and cell-phone, cellphone)

• mobile

• smart (and smartphone)

• portable

• phone(s)

• device(s)

• app(s)

• applicat* (i.e. application)

• mhealth

• uhealth

• ehealth

• emental

• android

• iphone

A.2 | Supplementary Material B: Search Queries

Queries used boolean operators (AND, OR), proximity operators (NEAR/3, W/3)
and wild characters supported by each citation database/information source. All
searches were against title, keywords and abstract fields, and time frame was
between 2013-2018.

A.2.1 SCOPUS search

We run one search against SCOPUS as below.

( TITLE-ABS-KEY ( ( ( cell OR mobile OR smartphone* OR smart OR portable
) W/3 ( phone* OR device* OR app OR apps OR applicat* ) ) OR mhealth OR
uhealth OR ehealth OR emental OR android OR iphone OR mobile OR app OR
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apps) AND DOCTYPE ( ar OR cp ) AND PUBYEAR > 2012 ) AND ( TITLE-ABS-
KEY ( ( ( mental OR psycholog* OR psychiatric OR emotional ) W/3 ( health OR
treatment* OR disorder* OR intervention* OR therapy OR distress OR affection
) ) OR depressi* OR anxiety OR "Ecological Momentary Intervention" ) AND
DOCTYPE ( ar OR cp ) AND PUBYEAR > 2012 AND LANGUAGE ( english ) )

A.2.2 WoS searches

We run a search with the computer science related keywords (WoS Search #1)
and a second one with the psychology related keywords (WoS Search #2). The
third search (WoS Search #3) performed the intersection of the previous two. All
searches used the following WoS collections /indices: CORE collection, Science
Citation Index Expanded (SCI-EXPANDED) –1900-presente, Social Sciences
Citation Index (SSCI) –1956-present, Arts and Humanities Citation Index (A&HCI)
–1975-present, Conference Proceedings Citation Index- Science (CPCI-S) –1990-
present, Conference Proceedings Citation Index- Social Science and Humanities
(CPCI-SSH) –1990-present, Emerging Sources Citation Index (ESCI) –2015-
present.

• WoS Search #1:

(((TS=(( ( cell OR mobile OR smartphone* OR smart OR portable ) NEAR/3 (
phone* OR device* OR app OR apps OR applicat* ) ) OR mhealth OR uhealth OR
ehealth OR emental OR android OR iphone OR mobile OR app OR apps )))) AND
Language: (English) AND Document Types: (Article OR Proceedings Paper)

• WoS Search #2:

(((TS=((( mental OR psycholog* OR psychiatric OR emotional ) NEAR/3 ( health
OR treatment* OR disorder* OR intervention* OR therapy OR distress OR affection
) ) OR depressi* OR anxiety OR "Ecological Momentary Intervention" )))) AND
Language: (English) AND Document Types: (Article OR Proceedings Paper)

• WoS Search #3:

(#1 AND #2) AND Language: (English) AND Document Type: (Article OR Pro-
ceedings Paper)
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A.2.3 MEDLINE searches

Like in WoS searchers, we conducted three separated queries to get the record
form MEDLINE that satisfied both set of keywords. All searches used the MEDLINE
collection/index.

• MEDLINE Search #1:

(((TS=(( ( cell OR mobile OR smartphone* OR smart OR portable ) NEAR/3 (
phone* OR device* OR app OR apps OR applicat* ) ) OR mhealth OR uhealth OR
ehealth OR emental OR android OR iphone OR mobile OR app OR apps ))))) AND
Language:(English) AND Document Types: (Classical Article OR Congresses OR
Journal Article)

• MEDLINE Search #2:

((((TS=((( mental OR psycholog* OR psychiatric OR emotional ) NEAR/3 ( health
OR treatment* OR disorder* OR intervention* OR therapy OR distress OR affection
) ) OR depressi* OR anxiety OR "Ecological Momentary Intervention" ))))) AND
Language: (English) AND Document Types: (Classical Article OR Congresses OR
Journal Article)

• MEDLINE Search #3:

(#1 AND #2) AND Language: (English) AND Document Types: (Classical Article
OR Congresses OR Journal Article)

A.2.4 APA PsycNET search

As proximity operators are not supported, we combined multiple “AND” and
“OR” operators to partially reflect proximity operators. Obviously, we cannot fully
emulate the semantics of the proximity operators using only boolean operators.
PsycNEt does not support the option (in the query search user interface) for
searching “Conference papers”, so we limited the search to “Journal Papers” and
“Peer Reviewed Journals”. NOTE: the above search does not work directly in the
search text box.
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(((((title: (mhealth))) OR ((Keywords: (mhealth))) OR ((abstract: (mhealth)))
OR ((title: (uhealth))) OR ((Keywords: (uhealth))) OR ((abstract: (uhealth))) OR
((title: (ehealth))) OR ((Keywords: (ehealth))) OR ((abstract: (ehealth))) OR ((title:
(emental))) OR ((Keywords: (emental))) OR ((abstract: (emental))) OR ((title: (an-
droid))) OR ((Keywords: (android))) OR ((abstract: (android))) OR ((title: (iphone)))
OR ((Keywords: (iphone))) OR ((abstract: (iphone)))OR ((title: (mobile))) OR
((Keywords: (mobile))) OR ((abstract: (mobile))) OR ((title: (app))) OR ((Keywords:
(app))) OR ((abstract: (app))) OR ((title: (apps))) OR ((Keywords: (apps))) OR
((abstract: (apps)))) AND ((Year: [2013 TO 2018]) AND PublicationTypeFilt: ("Peer
Reviewed Journal") AND ((DocumentType: ("Journal Article"))))) OR ((((((title:
(cell)))) OR (((Keywords: (cell)))) OR (((abstract: (cell)))) OR (((title: (mobile)))) OR
(((Keywords: (mobile)))) OR (((abstract: (mobile)))) OR (((title: (smartphone*))))
OR (((Keywords: (smartphone*)))) OR (((abstract: (smartphone*)))) OR (((title:
(smart)))) OR (((Keywords: (smart)))) OR (((abstract: (smart)))) OR (((title: (port-
able)))) OR (((Keywords: (portable)))) OR (((abstract: (portable))))) AND((Year:
[2013 TO 2018]) AND (PublicationTypeFilt: ("Peer Reviewed Journal")) AND (((Doc-
umentType: ("Journal Article")))))) AND (((((title: (phone*)))) OR (((Keywords:
(phone*))))OR (((abstract: (phone*)))) OR (((title: (device*)))) OR (((Keywords:
(device*)))) OR (((abstract: (device*)))) OR (((title: (app)))) OR (((Keywords:
(app)))) OR (((abstract: (app)))) OR (((title: (apps)))) OR (((Keywords: (apps)))) OR
(((abstract: (apps)))) OR (((title: (applicat*)))) OR (((Keywords: (applicat*)))) OR
(((abstract: (applicat*))))) AND ((Year: [2013 TO 2018]) AND(PublicationTypeFilt:
("Peer Reviewed Journal")) AND (((DocumentType: ("Journal Article"))))))))AND
(((((((title: (mental)))) OR (((Keywords: (mental)))) OR (((abstract: (mental)))) OR
(((title: (psycholog*)))) OR (((Keywords: (psycholog*)))) OR (((abstract: (psycho-
log*)))) OR (((title: (psychiatric)))) OR (((Keywords: (psychiatric)))) OR (((abstract:
(psychiatric)))) OR (((title: (emotional)))) OR (((Keywords: (emotional)))) OR (((ab-
stract: (emotional))))) AND ((Year: [2013 TO 2018]) AND (PublicationTypeFilt:
("Peer Reviewed Journal")) AND (((DocumentType: ("Journal Article")))))) AND
(((((title: (health)))) OR (((Keywords: (health)))) OR (((abstract: (health)))) OR
(((title: (treatment*)))) OR (((Keywords: (treatment*)))) OR (((abstract: (treat-
ment*)))) OR (((title: (disorder*)))) OR (((Keywords: (disorder*)))) OR (((abstract:
(disorder*)))) OR (((title: (intervention*)))) OR (((Keywords: (intervention*)))) OR
(((abstract: (intervention*)))) OR (((title: (therapy)))) OR (((Keywords: (therapy))))
OR (((abstract: (therapy))))OR (((title: (distress)))) OR (((Keywords: (distress))))
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OR (((abstract: (distress)))) OR (((title: (affection)))) OR (((Keywords: (affec-
tion)))) OR (((abstract: (affection))))) AND ((Year: [2013 TO 2018]) AND (Pub-
licationTypeFilt: ("Peer Reviewed Journal")) AND (((DocumentType: ("Journal
Article"))))))) OR ((((title: (depressi*))) OR ((Keywords: (depressi*))) OR ((ab-
stract: (depressi*)))OR ((title: (anxiety))) OR ((Keywords: (anxiety))) OR ((abstract:
(anxiety))) OR ((title: ("Ecological Momentary Intervention"))) OR ((Keywords:
("Ecological Momentary Intervention"))) OR ((abstract: ("Ecological Momentary
Intervention")))) AND ((Year: [2013 TO 2018]) AND PublicationTypeFilt: ("Peer
Reviewed Journal") AND ((DocumentType: ("Journal Article"))))))AND Language:
english

Summary of records initially identified through the above searches (March 9th,
2018), per citation database and year:

Year SCOPUS WoS MEDLINE PsychNET TOTAL
2018 96 79 135 28 338
2017 607 573 537 324 2041
2016 570 627 429 340 1966
2015 481 446 285 268 1480
2014 445 317 276 216 1254
2013 306 228 162 158 854

2013-2018 2505 2270 1824 1334 7933


