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Abstract

Mental health problems are becoming an increasingly significant public health
concern on a global scale. While effective psychological treatments exist, they
scale poorly to the number of people who require help, meaning many con-
tinue to suffer due to a lack of care. Internet-Delivered Psychological Treat-
ments (IDPT) have emerged as an innovative alternative to traditional treat-
ments that aims to be more scalable, cost-effective, and accessible. Although
the use of IDPT has yielded promising results, it is also associated with a num-
ber of challenges. One challenge is preventing patient dropout, leading to an
interest in adaptive IDPT that focuses on personalizing the treatment based
on user needs. Furthermore, IDPT systems may generate large amounts of
complex user data that must be structured sensibly in order to facilitate data
analysis.

In this thesis, we demonstrate a dimensional modeling approach to or-
ganizing the components of IDPT. We focus on two use cases for this ap-
proach, namely (1) facilitating reuse of treatment materials and (2) adapting
treatment to user needs. Using the design science methodology, we have de-
veloped a dimensional model for IDPT as our artifact. In addition, we discuss
the implementation of the dimensional modeling approach in IDPT systems
and related challenges. The artifact was primarily evaluated through a semi-
structured interview with domain experts of psychology. Based on this, we
found that the artifact represents a suitable starting point for future research
within this topic.



Acknowledgments

Firstly, I would like to thank my supervisors Svein-Ivar Lillehaug and Yngve
Lamo for their guidance and support during this master’s project. I would
also like to extend my thanks to Suresh Kumar Mukhiya for allowing me the
opportunity to contribute to his IDPT framework as part of my project, and
to the domain experts from INTROMAT for taking the time to provide me
with invaluable feedback and evaluations.

Lastly, I would like to thank my partner, Rudi Blaha Svartveit, for his end-
less support throughout all these years.

Marianne Luengo Fuglestad

August 2021



11



Contents

[L_Introductionl

(1.2 Problem Description|. . . . .. ... ... ... ... .. ... ...,
(1.3 Research Questions| . .. .............. ...t ei....

[I.b Terminology|. . ... ... ... ... . . . .. . ..
L6 Thesis Overviewl . ... ... ... ...t ..

12

Background|

[2.1 Internet-Delivered Psychological Treatment (IDPT) Systems| . . .
[2.1.1 Central IDPT Components| . ....................
[2.2 Adaptive IDPT Systems|. . . . . ....... .. ... .. .. .. .. ...
[2.2.1 Adaptive Dimensions| . . . .. ... ... ... ... ........
2.2.2 UserProfilingl . .......... ... .. ... ............
[2.3 Ontologies in Healthcare Software|. . . . .. ... .. ..........
12.3.1 Ontological Hierarchies and Dimensional Modeling|. . . . .
[2.4 An Open-Source Adaptive IDPT System|. . . . ... ..........
2.5 Existing Solutions| . ... ........ .. ... ... .. . ... .. ...

3.1.1 Applying the Design Science Guidelines|. . . . . ... ... ..
3.2 Design Process|. . . . ... ... ... ... .

111

10
11
15
17

23
24
24
25
27



3.2.1 The Content Library| . ........................

4 Implementation!

4.1 Developing Dimensional Models for IDPT] . .. ... .........

4.1.1 Formulating the Preliminary Example Cases|. . . . . ... ..

4.1.2 Feedback from Domain Experts| . . . . ... ... ... .....

4.1.3 Introducing Measurements to the Dimensions| .. ... ...

4.2 Generalizing Hierarchical Dimensions| . . . . ... ... ........

.......................

4.2.2 Developing the Data Structure Further]. . . . . ... ... ...

4.3 Extending the IDPT Frameworkl . ... ... ... ............

4.3.1 Technologies| ... ....... ... ... .. .. .. .. .. ....
4.3.2 Architecturel . . ... ........ . ... ... L

4.3.3 Implementing Taxonomies| . . . ... ...............

b Research Evaluation|

.1  An Unstructured Midway Evaluation| . . . ... ... ... ... ... ..

5.2 A Semi-Structured Interview with Domain Experts|. . . . . ... ..

6 D ol

[6.3.1 Choosing Design Science and Qualitative Methods|. . . . . .

[6.3.2 Revisiting the Design Process| . . . ... ..............

[6.3.3 Retlecting on the IDPT Framework Extension|. . ... .. ..

6.4 Project Limitations|. . . ... ... ... ... ... ... . ... . ... ..

IList of Acronyms and Abbreviations|

IBibliography|

1V

37
37
38
46
49
51
52
54
56
57
57
59

69
69
70
72

75
75
78
79
79
80
81
81

83
83
84

87

88



97




List of Figures

2.1 The componentsof IDPT| . ... .. ... ... ... ... ........... 10
2.2 The adaptive IDPT system|. . . . ... ... ................ 12
[2.3 The adaptive dimensions of an IDPT system|. . ... ... .... .. 16
[2.4 An excerpt from the ICD-10 ontology| . ... ... ... ........ 19
[2.5 A dimensional model demonstrating how ontological hierarchies |
| can be used to group eventlogs|. . . . . ... ... ... ... .. ..., 22
[2.6 The Open-Source Adaptive IDPT System| . . . ... .......... 23
2.7 A screenshot of MinADHDI. . . . ......... ... .......... 26
2.8 The Innowell Platform’s clinical dashboard| . . . ... ......... 28
4.1 A hierarchical model representing dimensions of healthcare| . .. 39
4.2 A dimensional model illustrating the suggested dimensions of an |
| IDPT systeml . . .. ... ... ... . . . . 40
4.3 Annotating the treatment hierarchy of an intervention with meta- |
L datal. . .. 43
4.4 The firstexamplecasel. . ... ........ ... ... .......... 45
4.5 The second examplecasel. . ... ...................... 47
4.6 The dimensional model for IDPT, altered based on domain ex- |
| pertfeedback| ... ... ... ... .. .. ... 50
4.7 Exercise evaluationin MinADHDI . .. .................. 51
4.8 'The archi re of the IDPT fram rkl .o 58
4.9 Taxonomies as represented in the database| . . . . ... ........ 60
4.10 The list of taxonomies displayed in the UI of the IDPT framework| 63
.11 An example taxonomic hierarchy| . .. ... ... .. ... ....... 64
4.12 A simplified representation of the treatment component hierar- |
| chyin Figure[d.3| .. ... ... .. .. . . ... ... 65

4.13 Annotating the treatment component hierarchy with taxonomies| 65

Vi



4.14 The annotated hierarchy of treatment components realized in

the[Internet-Delivered Psychological Treatments (IDPT)applica-

TION . . o v e e e e e e e e e e e e

Vil



List of Listings

(I An early pseudocode representation of hierarchical dimensions| . 53
2 Modeling multi-dimensional measurements of ADHD symptoms| 55
3 Another pseudocode representation of hierarchical dimensions,. 55

b The GraphQL input type that represents taxonomies.| . . . . .. .. 62

Vviil



Chapter1

Introduction

1.1 Motivation

Mental health problems are a growing public health concern that constitutes
a significant contribution to the global burden of disease (Bucci et al. 2019).
Poor mental health has a consequential impact on the world economy, largely
due to indirect costs associated with reduced productivity (The Lancet Global
Health 2020) (Trautmann et al. 2016). Furthermore, it is widely recognized
that the current healthcare system lacks the capacity to offer accessible psy-
chological treatments to all patients who need help (Bucci et al.[2019), as con-
ventional treatments are costly with respect to time, resources, and availability
of trained clinicians (Jacobson et al.2019). The result is that patients often wait
for months before receiving treatment (Wahle et al. 2016). This is unfortunate,
as early diagnosis and treatment often lead to a better prognosis (Department
of Health Human Services, State Government of Victoria, Australia 2021).
Overall, traditional approaches to treating mental disorders are inadequate in
multiple areas.

The utilization of ubiquitous digital technologies for alleviating mental
distress shows promise in filling the described gaps in the healthcare sys-
tem (Stroud et al. 2019). The application of these technologies has been ex-
plored in a variety of forms, such as online self-assessment applications (Weisel
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et al. 2019), mental health chatbot services (Vaidyam et al. |2019), symptom
monitoring via passive collection of personal data (Trifan et al. 2019), and
Internet-Delivered Psychological Treatments (IDPT) (Andersson 2016). One
advantage with many of the digital technologies that facilitate these services
(such as computers, smartphones and wearable devices) is that they are ubiq-
uitous and frequently used (Mohr et al. 2017). In addition, they have the ability
to collect data continuously in real time (Stroud et al. 2019). Recent research
suggests that it is feasible to use data collected from these technologies to iden-
tify, predict, assess, monitor and treat mental health problems in ways that are
more scalable, time-sensitive, and inexpensive than traditional methods (Ja-
cobson et al. 2019) (Gutierrez et al. 2021).

However, challenges arise with the introduction of new technological so-
lutions within the healthcare system. For instance, is associated with
low user adherence, where insufficient tailoring of treatment to each indi-
vidual user appears to be a significant contributor (Fernandez-Alvarez et al.
2017). The use of also involves the acquisition, storage and analysis of
health data, which are inherently high in complexity (Rabbi et al. 2020). Cur-
rently, there exist numerous software solutions for the collection of mental
health data which tend to utilize entirely different data formats. The vari-
ety in formats decreases interoperability and makes data analysis significantly
more challenging (Gutierrez et al. 2021). Furthermore, medical profession-
als involved in the care of a particular patient may be interested in different
facets of that patient’s medical background, such as certain details about ap-
pointments at specific clinics, the prevalence of specific symptoms or diseases,
or previously conducted procedures or treatments (Rabbi et al. 2020). How-
ever, the aspects of a patient’s medical background that are relevant to any
one clinician may exist on different abstraction levels, which further compli-
cates the data extraction. Thus, it may be beneficial to provide clinicians with
data retrieval options that allow the selection of information from different
abstraction levels. Ideally, this will yield a deeper understanding of each pa-
tient’s mental health status, progress, goals, and preferences, which in turn
may hold the potential to facilitate more personalized treatments and better
clinical outcomes.



1.2 Problem Description

INTROducing Mental health through Adaptive Technology (INTROMAT)|is a
multidisciplinary research project whose vision is to utilize personalized dig-
ital health services to improve public mental health INTROMAT 2021). One
of INTROMATs projects focuses on developing an Internet-based training
program named MinADHD[[| (MyADHD in English) that addresses common
struggles for adults with |Attention Deficit Hyperactivity Disorder (ADHD), a
condition characterized by concentration problems, agitation and impulsiv-
ity (National Health Service|2018). Users of MinADHD gain access to exercises
and scenarios whose purposes are to improve functioning and quality of life,

and to reduce stress and inattention.

A randomized controlled trial has been conducted in order to study the
efficacy of MinADHD, as well as to investigate the relationship between ad-
herence and individual adaptation of treatment (Nordby et al. 2021). How-
ever, analysis of the user-generated data was in some cases complicated by the
data management approach used by MinADHD’s underlying platform. It has
been suggested that these issues may stem from the platform’s flat data rep-
resentation. That is, the platform does not differentiate sufficiently between
abstraction levels in the data.

The concept of hierarchical data representations in healthcare settings has
been explored further in an article by Rabbi et al. (2020), some of whom are
associated with [INTROMAT] In the paper, it is suggested to utilize hierarchi-
cal data representations and dimensional modeling, a technique for present-
ing analytic data in a way that is understandable by business users (Kimball &
Ross 2013), to improve the analysis of complex healthcare data. Rabbi et al.
(2020) argue that this technique facilitates grouping and filtering of related
healthcare data in a way that provides meaningful information on a relevant

abstraction level, thus making data analysis easier for clinicians. The ideas
presented in this paper will be outlined further in Section|2.3.1

Thttps:/intromat.no/cases/cognitive-training-in-adhd/
2https:/minadhdtrening.no/



In this thesis, we will explore the use of hierarchical data representations
in the context of Internet-Delivered Psychological Treatments (IDPT). In par-
ticular, we aim to investigate the potential for this approach to improve the
workflow of clinicians working with

1.3 Research Questions

This thesis will explore research questions relating to two use cases for a di-
mensional modeling approach that structures and filters data in The
first use case concerns the facilitation of reuse of intervention contents in the
design of new interventions, while the second use case is centered around
adapting the treatment to each user based on their needs. Specifically, the
following research questions will be explored throughout this thesis:

RQ1 How can a dimensional modeling approach be implemented to support
reuse of treatment content in interventions for mental health?

RQ2 How can a dimensional modeling approach be implemented to support
the adaptation of treatment to user needs within a specific intervention?

1.4 Research Methods

We have chosen design science as our research method for this thesis. This
methodology is characterized by contributions to the knowledge base within a
specific problem domain by the design and development of an artifact (Hevner
et al. 2004). Design science will be outlined further in Section

In this thesis, we developed the following artifact: A dimensional model
representing the different components in IDPT. We intend for this model to
be aresearch contribution to the domain of IDPT. Furthermore, we show how
this model can be used to organize treatment content and user-generated data
in innovative ways. The model is evaluated using qualitative methods.
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1.5 Terminology

In this section, we present an overview of closely related terminology that
will be used throughout this thesis, and how the different terms relate to each
other.

Internet-Delivered Psychological Treatments (IDPT) [IDPT|refers to any form
of psychological treatment that is administered using the Internet (An-

dersson [2016). We use the term IDPT system to denote a software system
that facilitates [DPTl These terms are outlined further in Section

Intervention We use the term intervention interchangeably with mental health
intervention, a term that Benjenk & Chen (2018, p. 3) describe as involv-
ing “assessment of mental health symptoms, psychoeducation, therapy,
or psychotropic medication management”. A mental health intervention
that is delivered via the Internet is an instance of IDPT.

Dimension The term dimension is used to conceptualize an aspect of
at some abstraction level. A dimension may be a part of a hierarchy of
dimensions, where each dimension may have parents or children. We
will investigate dimensions further in Section

Taxonomy In this thesis, taronomies largely represent the same concept as
dimensions. However, they are used in slightly different contexts. We
use dimension as the general term, while the term taxonomy is used to

represent a dimension in a specificimplementation that will be presented
in Section 4.3.3

1.6 Thesis Overview

This section presents a brief structural overview of the thesis.

Chapter ]| gives an introduction to the thesis by describing the motivation for
the thesis and the research problem we focus on. Additionally, research
questions, research methods and terminology are outlined.
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Chapter 2] provides relevant background materials for the thesis. This in-
cludes a presentation of IDPT, as well as related topics such as ontologies
in healthcare and existing IDPT solutions.

Chapter 3| presents the research method followed in this thesis, in addition to
an overview of the design process.

Chapter 4] outlines the development of the artifact and related work.

Chapter 5| presents the evaluation of the artifact. We also describe the role of
domain experts in the evaluation process.

Chapter 6] includes a discussion on the findings presented throughout the
thesis. This includes answers to the research questions, research con-
tributions, reflections and a summary of the project limitations.

Chapter|[7 concludes the thesis. Future work is also presented here.



Chapter 2
Background

In this chapter, the theoretical background of Internet-delivered psycholog-
ical treatments is presented. We start by introducing systems and its
adaptive variant, after which we describe the role of ontologies in healthcare
software. Moreover, we present the adaptive system that we extend as
part of our research, as well as existing [[DPT]solutions.

2.1 Internet-Delivered Psychological Treatment (IDPT)
Systems

Coined in an article by Andersson (2016), the term Internet-delivered psy-
chological treatments (IDPT) covers psychological treatments which are ad-
ministered using the Internet. is one of many closely related terms that
capture the essence of Internet-based treatment formats, such as “web-based
treatment, online treatment, computerized psychotherapy, digital interven-
tions, e-therapy, Internet-delivered cognitive-behavioral therapy (ICBT), and
Internet interventions” (Andersson 2016, p. 1568). Furthermore, there are two
main variants of Guided and unguided (Morgan et al. 2017). The former
entails the support of a therapist who helps the patient complete a treatment



program through asynchronous digital communication such as email or tele-
phone (Andersson et al. [2017), while the latter lets the patient work through
a self-help program without the direct help of a professional (Morgan et al.
2017).

In order for Internet-delivered psychological treatments to be available to
patients, an appropriate treatment software platform is needed (Andersson
et al. 2019). Such platforms must be able to perform a variety of tasks, such
as presenting treatment materials to the patient, facilitating clinician-patient
communication (in the case of clinician-guided treatment), and administering
questionnaires at relevant intervals for symptom monitoring. Mukhiya et al.
(2020D), p. 112222) refer to such systems as[[DPT]systems, and describe them as
“any software applications that facilitate interaction with psychological ther-
apy through the Internet”, including “web-applications, mobile applications,
augmented reality, and virtual reality applications”.

has been proposed as a solution to problems arising in traditional
face-to-face treatments for people with mental health issues. Among others,
these treatments include |Cognitive Behavioral Therapy (CBT), a frequently
used psychotherapeutic treatment approach focusing on identifying, manag-
ing and modifying maladaptive patterns in an individual’s thoughts and be-
haviors (Lichtenthal et al. 2011), and [Goal Management Training (GMT), a re-
habilitation program that is designed to improve executive functions through
the use of “psychoeducation, narrative examples, mindfulness practice, and
assignments” (Levine & Stamenova 2018, p. 1590). While traditional meth-
ods provide effective treatment for a variety of mental health issues, it also
has shortcomings with respect to accessibility (Morgan et al. 2017). In par-
ticular, a large number of people experiencing mental health problems have

difficulty accessing psychological treatments (Bucci et al. 2019), one reason
being that the number of qualified therapists available does not scale to the
number of patients who need help (Wahle et al. 2016). may improve
upon these by offering both synchronous and asynchronous clinician-client
communication (Andersson [2016) (Bucci et al.[2019). Additionally, of-
fers a viable alternative to people who avoid traditional treatment methods
due to economic cost (Mukhiya et al. 2020b), stigma or other practical mat-
ters (Fernandez-Alvarez et al.|2017).



Although systems show promise in reducing the issues present in
traditional face-to-face treatment methods, certain related challenges require
further study. For instance, systems are associated with non-adherence
problems (i.e. patient dropout), particularly the unguided variants. Accord-
ing to Fernandez-Alvarez et al. (2017), a lack of personalization or tailoring of
the treatment contents to the user appears to contribute to non-adherence in
Furthermore, Mukhiya et al. (2020b), p. 112220) state that “most current
IDPT systems are tunnel-based, inflexible, and non-interoperable”, arguing
that implementing adaptability to patient needs in systems may im-
prove user adherence and treatment outcomes. Adaptive systems will
be described further in Section 2.2

211 Central IDPT Components

Cases, modules and tasks have been identified as important components in
(Mukhiya et al. 2020Db) that will be referred to multiple times through-
out this thesis. The relationships between them are hierarchical, where cases
reside at the top with modules immediately below, and where tasks are be-
low modules. The relationships between these components are illustrated in
Figure and a description of each component follows below.

» Cases are generally centered around specific mental health diagnoses
such as depression or ADHD, or other mental health issues. A case may
have multiple modules attached to it.

* Modules focus on specific aspects of the cases they are attached to. For in-

stance, modules in an ADHD case may include modules on breathing or
emotions. Additionally, modules may have dependencies, i.e. one mod-
ule may require the user to have completed other modules before it can
be started. Modules may have one or more tasks associated with them as
child components.
It is important to note that modules may belong to one or multiple cases,
as some mental health issues (and thus cases) have some degree of overlap
with one another. This means that we may reuse modules in multiple
settings, depending on the users’ needs.
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Figure 2.1: An overview of central IDPT components and relationships be-
tween them by Mukhiya et al. (2020b), p. 112223) in Figure 2.

» Tasks take the form of passive or interactive treatment materials whose

primary purpose is to provide help in the form of illness management
techniques, psychoeducation and connecting with others in similar situ-
ations. Passive tasks may include material in text, audio or video format
for the user to consume, while active tasks may involve interactive activ-
ities such as physical workouts, digital multiple choice quizzes, questions
and answers, and online diaries. Similarly to modules, tasks may have
dependencies.
An additional purpose of tasks in IDPT may be to facilitate collecting ob-
jective and active data from the user. This data may be used to adapt the
application’s content to the user, thus providing continually improving
personalization.

2.2 Adaptive IDPT Systems

An adaptive approach to the development of [DPT]systems may aid in finding
a solution to the issues presented in the previous section by facilitating more

10



flexibility and personalized content. In particular, Mukhiya et al. (2020Db,
p. 112221) describe the term adaptive systems as “a set of interacting or interde-
pendent entities, real or abstract, forming an integrated system that changes
its behavior in response to its environmental changes”. In the context of
this may entail presenting different learning materials or exercises to a user
interacting with an system based on their current symptoms or their
media preference. This concept is captured in the term adaptive [DPT]systems,
which is introduced and defined by Mukhiya et al. (2020b, p. 112222). A for-
mal description is given in Definition[2.2.], and the associated visualization of
these components is shown in Figure

Definition 2.2.1 (Adaptive IDPT systems). An adaptive IDPT system consists
of

* F, a set of environments that provides context for IDPT|to work in.
I, a set of controlled inputs that are consumed by [IDPT]| systems. The
consumption of I alters the behavior of the |[IDPT]|process in some way.

P, a performance measure of the process. This measure signifies
the performance of the[[DPT|when consuming 7 as input in environment
E.

 F,afeedback function. Using dynamic information about the pro-
cess, F produces an adaptive strategy.

« S, a set of adaptive strategies. These strategies utilize the knowledge
gained earlier in the system. S comprises the decision-making process
of the adaptive system.

» A,asetof actors. Based on the adaptive strategies S, the actors 4 incite the
adaptation within the system. These actors range from humans directly
or indirectly involved in the care (e.g. patients, clinicians, IT admins) to
the adaptive system itself.

2.2.1 Adaptive Dimensions

The ways by which an|[IDPT]|system changes its behavior to accommodate the
user’s needs can depend on a variety of factors. In a systematic review inves-

11
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Figure 2.2: The adaptive IDPT system as depicted by Mukhiya et al. (2020b,
p- 112222) in Figure 1.

tigating adaptive elements in systems by Mukhiya et al. (2020a), these
factors are referred to as adaptive dimensions. The authors of the review found
that dimensions more commonly utilized in the reviewed studies were user
preferences (such as user context or location) and outcome measures (such as
psychometric questionnaire scores or analysis of user interaction data in the

IDPT]|system).

Mukhiya et al. (2020b) further propose to divide these factors of an
system into the following five adaptive dimensions. These five dimensions
and their associated subdimensions are visualized in Figure 2.3| In the fig-
ure, the lower-level subdimensions and dimensions not discussed in this the-
sis have been omitted for the sake of simplicity and readability.

User Preferences

Multiple existing adaptive systems were found to rely on the user’s own
preferences when delivering treatment (Mukhiya et al. 2020a). It is interesting
to note that user preferences may be detected in both explicit or implicit ways.
Explicit strategies involve the user directly, such as by asking them at certain

12



times or by allowing them to express their preferences in the intervention’s
settings in their own time. Conversely, it is also possible to infer the user’s
preferences by analyzing the user’s associated event logs in the system. Event
logs are records of events that have occurred in a digital system that may be
used to give an overview of user activities (Turkington et al. 2018).

Mukhiya et al. (2020b) further divide the user preferences dimensions into
the following three subdimensions.

» Temporal preferences concern the time of the day a specific user tends
to be active in the system. For example, some users may prefer doing
exercises in the morning or in the evening.

» Content presentation preferences concern the type of content presen-
tation mode the user favors. For example, some users may prefer video-
based content over text-based exercises, or vice versa.

* Lingual preferences concern the user’s chosen language in which they
would like to consume treatment materials.

Goals of the Intervention

This dimension is based on the goals that the people involved in the interven-
tion want to achieve. The goals differ somewhat between patients and ther-
apists. For instance, patient goals are typically oriented around learning to
manage one’s illness, while therapist goals are more geared towards improv-

ing the quality of the treatment. Mukhiya et al. (2020b) characterize goals in
IDPT|with the following five attributes.

» Evolution It is possible to change the goal(s) of the intervention over time.

« Flexibility It is possible to express the goal(s) of the intervention in an
unconstrained way.

* Duration It is possible to set some duration of the time a goal of the in-
tervention remains valid. This means that a goal may last for the entirety
of the intervention’s duration or for a shorter period.

13



o Multiplicity It is possible for the intervention to have one or multiple
associated goal(s).

» Dependency It is possible for goals of the intervention to depend on one
another or be completely independent.

Measures

Outcome measures comprise another dimension that is commonly utilized
in adaptive [DPT]|systems (Mukhiya et al. 2020a). Multiple data sources in an
intervention can be used to indicate and measure user behavior.

In particular, many interventions make use of psychometric questionnaires
or tests that assess the symptom severity in specific mental health disorders
or issues. The questionnaires are typically filled out by the patients them-
selves, and result in a numeric score indicating a patient’s current status per-
taining to certain areas of their mental health. For example, the psycho-
metric test [Patient Health Questionnaire-9 (PHQ-9) may be used to assess
whether a user is experiencing depressive symptoms, and the severity of these
if present (Kroenke et al. 2001).

It is also common to utilize user interaction data as a measure to adapt
the system by. By capturing certain interaction data, such as time spent on
various exercises of different content types, the system can learn the user’s
behaviors and preferences and change thereafter. For example, a user who
predominantly watches psychoeducation videos and skips other kinds of ex-
ercises may be offered more videos in the future. Analysis of user interaction
data may also be used to measure the engagement levels of the users.

Other relevant data sources include recorded patient-therapist commu-
nication (written correspondence, audio files, or video files), patient diaries,
responses to exercises, sensors, or logged user interactions (Mukhiya et al.
2020Db).

14



Adaptation Actors

As shown in Definition and Figure an adaptive system has an
associated set of (adaptation) actors. Some of the actors are responsible for
triggering the adaptation in the system. In guided interventions, clinicians fall
into this group. In unguided and guided interventions, the adaptive system
itself is also considered an actor. Furthermore, there are actors that use the
system without being directly involved in inciting the adaptation (patients), as
well as actors who are responsible for maintenance of the system (IT admin-
istrators).

Adaptation Strategies

Definition and Figure also present adaptive strategies, which is the
fifth and final adaptive dimension. These strategies comprise a collection
of techniques that alters the functionality of the adaptive system in different
ways.

2.2.2 User Profiling

The process of building a summary of information about a user in the con-
text of a software application that helps provide the user with a personalized
experience may be referred to as user profiling, or building a user profile. This
information typically includes the interests, preferences and characteristics
of a user, as well as their behaviors when interacting with the system (Eke et
al.|2019). The application domain determines multiple factors about the user
profiling process, such as what exactly constitutes relevant information, what
the preferred method of information acquisition is, and the purpose of the
user profiling itself (Schiafino & Amandi(2009).

According to Schiaffino & Amandi (2009), the role of user profiles in adap-
tive systems is contributing to triggering useful adaptations. Thus, a user’s
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Adaptive dimensions of IDPT systems
| User preferences
Temporal preferences
Content presentation preferences
Lingual preferences
| Intervention goals
tPatient goals
Therapist goals
| Measures
tPsychometric questionnaire scores
User behavior analysis
| Adaptation actors
| Responsible for content adaptation
Clinicians
Adaptive IDPT system
|  System users
| Patients
| Responsible for maintenance
IT admins
| _Adaptation strategies

Figure 2.3: The adaptive dimensions of an [IDPT] system as described by
Mukhiya et al. (2020b).
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associated personal data such as demographic data and their inferred or ex-
plicitly stated preferences are taken into account when the system alters its
behavior to match the needs of that user. In particular, user profiling based
on patient behaviors is deemed essential in many digitized healthcare ser-
vices (Eke et al. 2019). This perspective concurs with the concept of adaptive
dimensions presented in Section where user preferences and outcome
measures based on user interaction data are central components in the adap-

tive [DPT|system.

Eke et al. (2019) state that in addition to providing personalization, a major
advantage of user profiling is that it may help reduce information overloading
which is present in many software applications. High-quality user profiling
can make it easier to present and manage information in the system that is
relevant to the user.

2.3 Ontologies in Healthcare Software

An ontology can be described as “a semantic model that formally describes the
concepts in a certain domain, their relationships and attributes” (Ongenae et
al. 2013, p. 7631). In the context of software, ontologies are helpful for con-
ceptualizing a domain in a way that is easily understandable by humans as
well as readable by computers (Eke et al. 2019). Additionally, ontologies may
be used to capture human situations in a hierarchical data structure (Kim &
Chung 2014).

It is useful to utilize ontologies in the context of healthcare applications for
a variety of reasons. Firstly, ontologies are already being used for standard-
ization of medical terminology. It has been widely recognized that standard-
ization of medical codes and terminology, as well as the structure of medi-
cal data itself, are central factors in achieving interoperability between differ-
ent healthcare software (Hammond et al. 2014), and thus ontologies present a
major advantage in the use of this software. For instance, International Sta-|
ttistical Classification of Diseases and Related Health Problems (ICD)|is an on-
tology that is used to encode diseases, causes of mortality and other health
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data (World Health Organization 2021b). An excerpt of |International Statisti-|
lcal Classification of Diseases and Related Health Problems 10th Revision (ICD-|

is shown in Figure

Furthermore, ontologies provide sensible ways to separate and relate vari-
ous dimensions of domain knowledge such that they can be easily reused and
integrated into different healthcare applications (Ongenae et al. 2013). On-
tologies may also be used to determine a suitable scope for which healthcare
data are currently deemed interesting based on specified criteria (Mans et al.
2013). These attributes suggest that ontological structures are highly useful
in representing the different abstraction layers by which one may organize
healthcare data in a way that decreases their complexity, thus making them
easier to interpret and utilize from the perspective of a clinician (Rabbi et al.
2020). Moreover, the integration of ontologies that cover different areas of
digitized healthcare (such as diseases, symptoms, or personalized treatment)
further justifies the need for flexible ontological representations of healthcare
information.

Puri et al. (2011) point out that while ontologies appear well suited for the
integration of heterogeneous data sources in healthcare, no single ontology is
adequate. Multiple ontologies must first be consolidated before the proper
data integration can be fully realized. This is exemplified by looking at a
typical patient’s medical record, which presents multiple dimensions of that
patient’s health. These dimensions may include health conditions, prescrip-
tions, treatment history, among others. Puri et al. (2011) refer to a number
of ontologies which may be used to consolidate a patient’s healthcare data.
Examples of such ontologies include, but are not limited to:

ISystematized Nomenclature of Medicine — Clinical Terms (SNOMED-CT),
a comprehensive vocabulary of clinical healthcare terminology which
captures information on health conditions, procedures and
drugs (SNOMED International 2021),

ICD-10, which captures information on diseases and symptoms, and

RxNorm, a terminology for normalized named for clinical drugs available in
the U.S.) (The National Library of Medicine |2021).
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F FO0-F0O9 Organic, including symptomatic, mental
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F F10-F19 Mental and behavioural disorders due to
psychoactive substance use

F F20-F29 Schizophrenia, schizotypal and delusional
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* F20-F39 Mood [affective] disorders
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F32.0 Mild depressive episode
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F32.9 Depressive episode, unspecified

¥ F33 Recurrent depressive disorder

F F34 Persistent mood [affective] disorders

¥ F28 Other mood [affective] disorders
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Figure 2.4: An excerpt from the [ICD-10|ontology, showing the where depres-
sive episodes are located in the hierarchy. The screenshot was taken of a web-
site managed by the World Health Organization (2021a).
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While attempts at combining multiple ontologies into one have occurred,
a number of challenges arose during these attempts. These include difficulties
in bridging the gaps between different syntax, as well as varying granularity
in descriptions of events. Puri et al. (2011) state that the better solution to
the integration problem is to aim for a way to create mappings between the
different ontologies without changing them.

In Chapter[4] we will explore general representations for ontologies in the
format of dimensions or taxonomies. Specifically, in Section 4.3.3, we describe
an implementation of taxonomic structures that may be used to represent
ontologies in a simple manner. This enables us to create separate ontologies
that are linked through hierarchical relationships.

2.3.1 Ontological Hierarchies and Dimensional Modeling

Asintroduced in Section Rabbi et al. (2020) discuss the role of process min-
ing techniques in healthcare, and note how they can be applied more effec-
tively to healthcare data by applying a preprocessing technique based on on-
tological hierarchies and dimensional modeling. Process mining techniques
are characterized by their ability to “extract knowledge from event logs” (Aalst
et al. 2012, p. 170), which prove useful in presenting an overview of healthcare
processes and how they execute (Mans et al. 2013). In the paper by Rabbi et al.
(2020), it is noted that while processing mining techniques are indeed power-
ful, they can be difficult to apply to healthcare data, which are typically highly
complex.

The proposed solution to this issue involves taking advantage of the hier-
archical structures that occur numerous places in the healthcare system. As
previously mentioned, ontologies are an example of these hierarchical struc-
tures, though another example mentioned in the paper is the organizational
structure of departments in hospitals. Furthermore, the approach described
by Rabbi et al. (2020) involves the use of dimensional modeling. While pri-
marily used to represent and display detailed domain information to business
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users in an intuitive way, Rabbi et al. (2020) present a new application area for
dimensional models, namely supporting analysis of healthcare processes.

In this approach, ontologies are central in representing healthcare data
on different levels of abstraction. Specifically, this entails using ontologies
to form hierarchical representations of data for each of the dimensions of
a dimensional model exemplifying some facet of the healthcare system. In
dimensional modeling, dimensions provide entry points to the data from dif-
ferent angles (Kimball & Ross2013). Rabbi et al. (2020) exemplify this by pre-
senting a dimensional model for healthcare, along with an example case of
an analyst who wants to investigate the care flow of patients with mental and
behavioral disorders who have registered admissions in multiple hospital de-
partments. The analyst is only interested in high-level admission details, and
discards low-level details beyond the admissions themselves. It is demon-
strated how the analyst is able to examine data gathered from two different
main dimensions in the model. Specifically, they use the Clinical Finding di-
mension as an entry point by first grouping the event logs related to patients
with mental and behavioral disorders. This selection is further used to group
event logs from a different dimension (Episode of Care), where high-level
admission-related event logs related to the selected patients are extracted. Fig-
ure [2.5] demonstrates this selection and its dimensional model.

Thus, ontologies play an important role in this preprocessing technique
that may aid in organizing information by grouping patients who satisfy some
specified criteria, as well as grouping other information for visualization pur-
poses on a suitable level of abstraction. In this thesis, we aim to further exam-
ine the ideas presented in this paper, albeit on a smaller scale. We will present
the process of developing dimensional models that represent aspects of
in Section
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Figure 2.5: The dimensional model presented by Rabbi et al. (2020) in order
to demonstrate how ontological hierarchies can be used to group event logs in

preparation for process mining. FOO-F99 are the|ICD-10|codes that represent
diagnoses belonging to the category of mental and behavioral disorders.
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Figure 2.6: A screenshot of the Open-Source Adaptive IDPT System, showing
an example case named “My ADHD Program” with seven associated modules.

2.4 An Open-Source Adaptive IDPT System

Building on the components outlined in Section and Definition an
open-source]|adaptive framework has been developed (Mukhiya 2021).
While this system has primarily been built in the context of a PhD thesis by
Mukhiya (2021), the development has taken a collaborative nature, allowing
contributions from various interested parties. Among other features, the sys-
tem currently supports the creation and manipulation of cases, modules, and
tasks, meaning it is possible to create intervention treatment materials in the
system. Figure[2.6/shows an example of this, along with the[User Interface (UI)
of the framework.

I'The source code can be found at https:/github.com/sureshHARDIYA/idpt
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Part of our project entails extending this framework. Specifically, our con-
tribution to the framework is adding support for taxonomies, which are cur-
rently used to annotate treatment materials with metadata in the form of hi-
erarchical labels. The implementation of taxonomies and the implications
thereof will be described further in Section

2.5 Existing Solutions

We have reviewed available literature using Google Scholar and MEDLINE
to gain insight into the nature of existing systems, and how they are
described. In reviewing the literature, we noticed a trend: While numerous
systems are described online, it appears to be uncommon to make the
code base of these systems publicly available, or to comment on the systems’
data management methods in detail. With the exception of MinADHD, where
we were granted access at patient level for the purposes of this thesis, we did
not have user access to the systems. Unfortunately, this poses a limitation on
our work, as it becomes difficult to perform a thorough comparison between
existing systems and our contributions with respect to inner data representa-
tions.

In this section, we will present a selection of systems. We have fo-
cused on platforms that host multiple programs or courses focusing on differ-
ent topics within mental health that contain modules and tasks, or platforms
that measure aspects of the user for the purpose of yielding the optimal clini-
cal outcome. This is so that we can relate these solutions to our artifact either
with respect to the structure or the user profiling aspect.

2.51 Youwell

Youwell is a digital health platform that allows clinicians to develop their own
digital guided or unguided interventions (Youwell 2021). This means that clin-
icians may adapt the treatment to each individual patient at any time without
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requiring a particularly strong IT background (Youwell 2020). The platform
offers a variety of features, such as clinician-patient communication, psycho-
metric questionnaires, treatment material in the form of video, audio and
text (Youwell 2020).

INTROMAT] has used Youwell as the underlying platform in multiple in-
terventions, including:

e MinADHD, which was described in Section|1.2]

* RestDep, an intervention for adults with lingering symptoms after de-
pression (RestDep — Behandling av restsymptomer etter depresjon||2021),

* Gynea, which is aimed towards women who have experienced severe
genital cancer (Gynea — Velkommen||2021), and

* Co-mestring (Co-coping in English), an intervention centered around re-
ducing anxiety and worry arising from the COVID-19 pandemic (Velkom-
men til Co-mestring! - Co-mestring 2021).

Similarly to the hierarchical structure described in Section the treat-
ment materials in Youwell interventions are organized into programs (analo-
gous to cases), modules, and tasks. In MinADHD, modules are comprised of
tasks such as exercises, stories, questionnaires, videos, and user-filled logs, and
offer some level of optionality (Om MinADHD - MinADHD) |2021). Figure
shows an example of the treatment materials available in MinADHD.

According to clinicians at INTROMAT, the use of Youwell as the underlying
platform for MinADHD has led to issues with data management. In particular,
working with the format of the user interaction data captured by the platform
has made analytics challenging. We will elaborate on this matter in Section}5.2

2.5.2 Assistert Selvhjelp

Assistert Selvhjelp (2021) (Assisted Self-Help in English) offers Internet-based
interventions for people with mental health issues. Specifically, the main user

25



Min ® ADHD * FAVORITTER & LOGG UT

Start / Uke 2: Pust / Erik Uke 2: Pust

[ ] 44% fullfert ﬁ::{ Leeringsutbytte
Erik

E” k Pusten

I denne videoen meter du Erik. Du vil fa et innblikk i hverdagen hans og Dvelser

hvordan denne pavirkes av hans oppmerksomhetsvansker. Historier

Loggfering
Egentrening
Oppsummering

Avslutning

Men det hz dret morgenene mine

GA TILBAKE GA VIDERE

Figure 2.7: A screenshot of the Youwell-powered intervention MinADHD. In
this image, the user has starting the program’s second module, which is cen-
tered around breathing. Specifically, the user has clicked on a video that gives
insight into the daily life of “Erik”, who struggles with the ADHD symptom
inattention. The module’s full contents are listed on the right-hand side.
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base consists of people with mild to moderate symptoms of common mental
disorders (Assistert Selvhjelp 2019).

A variety of courses concentrating on relieving disorders or issues such as
depression, anxiety, perfectionism, and low self-esteem is available. To gain
access, a user must either have been given an access code by their health-
care providers or municipality, or have purchased access privately (Assistert
Selvhjelp 2021). Although it is possible to complete these courses without the
involvement of a clinician, it is recommended for patients to have access to
structured guidance as well (Assistert Selvhjelp 2020). Each course consists of
a series of modules that focus on an aspect of the course’s main topic. The
modules typically include exercises and information on the topic (psychoed-
ucation), and end in a summary (Assistert Selvhjelp 2021).

Thus, the treatment materials in Assistert Selvhjelp constitute a structure
similar to the [DPT]component hierarchy described in Section [2.1.1]

2.5.83 The Innowell Platform

The Innowell Platform is a configurable digital platform that focuses on the
delivery of personalized mental health care to young people (lorfino et al.
2019). In particular, the platform has been described by the term measurement-
based care, which is said to “[involve] the systematic and continued assessment
of an individual’s outcomes over the entire course of clinical care” (Iorfino et
al. 2019, p. 2). The user’s mental state is assessed and monitored by the plat-
form for the purpose of reporting this information to clinicians, who receive
guidance in determining the appropriate care options. The platform does not,
however, offer “stand-alone medical or health advice, risk assessment, clinical
diagnosis, or treatment” (Ilorfino et al. 2019, p. 3).

The platform’s assessment mechanism is multidimensional, meaning it
considers the user in the context of multiple domains. These include demo-
graphic information (e.g. age or gender), clinical information (e.g. attitude

27



(i) header ’ - N
= WELL o= =D (i) color Used to reorder cards (iii) descriptor

Overall Health Mental Health Everyday Function

o €@ v . €O - v
Mg
%
Pupd sy LT S Mg Wy bl b Tilkwns o vou
n

Suicidal Theughts Social
and Behaviours Connectedness

e T I A A

(iv) timestamp (v} change status View “care options’

: ; (figure 2)
View progress graph Inwite a supportive other
to complete questions

Figure 2.8: The Innowell Platform’s clinical dashboard, as seen in Figure 1 in
the paper by lorfino et al. (2019)

towards self-harm or depression severity), and illness information (e.g symp-
toms or diagnoses). The exact set of domains that is considered in the as-
sessment is configured in the mental health service that uses the platform as
its underlying system. Additionally, the platform supports integrating infor-
mation from external sources, such as clinicians not attached to the system
or devices collecting physiological data. The results of the assessments are
shown in a summary dashboard, which is shown in Figure (2.8

This multidimensional approach to assessing users is similar to what we
wish to capture in our artifact. In particular, expanding the adaptive dimen-
sions described in Section with contextual information used in this plat-
form, such as the user’s demographic or clinical background, is an idea that
we explore further in this thesis. However, we also envision that it may be
used in systems that provide treatment and coping tools in addition to
decision-making support.
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Chapter 3

Method and Design

In this chapter, we discuss the research method chosen for this project, as well
as the iterative design process followed for developing a dimensional model

representing [DP'T

3.1 Research Method

As mentioned in Section the chosen research method for this project is
design science. According to Hevner et al. (2004), design science is centered
around the contribution to a problem domain in the form of an artifact. We
judged this method to be well aligned with our goal of creating a preliminary
dimensional model for representing in a new way. Thus, the design
artifact presented in this thesis will be this dimensional model.

3.1.1 Applying the Design Science Guidelines

Hevner et al. (2004) present seven guidelines for utilizing the design science
methodology in information systems research. A summary of the guidelines,
in addition to a description of how they were followed in this project, follow
below.
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Guideline 1: Design as an Artifact

The first guideline is centered around the production of an artifact that is ap-
plicable to the problem domain. This artifact is the main result of design sci-
ence research, and may take one of the following form:s:

A construct that provides a vocabulary of symbols that may be used to com-
municate problems in the domain.

A model or abstraction that represents the problem domain. Such a model is
typically built using constructs.

A method that captures processes in the problem domain, as well as guides
the search for a solution. Algorithms are one way to do this.

An instantiation or system solution that demonstrates how constructs, mod-
els or methods may be implemented in practice.

The artifact that is presented in this thesis is a model, as it is an abstraction
over the domain of It represents the dimensions of and the rela-
tionships between them. The process of developing this artifact is detailed in
Section 4.1

Guideline 2: Problem Relevance

The second guideline emphasizes that the chosen artifact should be developed
in order to solve a problem that is relevant to the domain. Thus, the artifact
should be innovative.

The context of the problems that our artifact aims to address was described
in Section
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Guideline 3: Design Evaluation

Design science research requires a thorough evaluation of the resulting arti-
fact. Evaluation is also a crucial part of the iterative design process, where
feedback gives guidance as to how to improve the artifact further.

In this project, we have elected to use qualitative evaluation methods. The
evaluation process will be discussed further in Chapter

Guideline 4: Research Contributions

The fourth guideline presented by Hevner et al. (2004) conveys how design
science research should yield valuable contributions to the problem domain.
Specifically, these contributions take at least one of the following forms:

The design artifact In design science research, it is common that the main
contribution to the knowledge base is the artifact itself.

Foundations Another form of contribution to the knowledge base is a con-
struct, model, method or instantation that further extends the founda-
tions of the knowledge base. This contribution must be evaluated with a
suitable method.

Methodologies Evaluation methods themselves can also be valuable contri-
butions. This may include metrics by which something in the problem
domain is evaluated.

Section |6.2| will summarize the research contributions of this project. Our
main contribution is the artifact itself. However, the artifact also takes the
form of a model that extends the foundations of the knowledge base.
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Guideline 5: Research Rigor

Research rigor in the context of design science entails employing rigorous
methods in order to develop and evaluate the design artifact. Furthermore,
“rigor is derived from the effective use of the knowledge base” (Hevner et al.
2004, p. 88).

A crucial part of this project has been the involvement of experts on the
domain of psychology with experience with We consider this to be an
effective use of the knowledge base, as the experts have been able to provide
relevant theoretical foundations as well as practical experiences in order to
guide the development and evaluation of our artifact. The process of devel-
oping the artifact is described in Sections and while methods used to
evaluate it are described in Chapter 5]

Guideline 6: Design as a Search Process

The penultimate guideline is centered around the search for an effective de-
sign artifact that provides an adequate solution to a domain problem. This
is described as a cyclical process where new ideas are tested against the con-
straints in the domain. Hevner et al. (2004) also mention that in design re-
search, it is common to decompose the main problem into smaller subprob-
lems. While providing solutions to these subproblems is unlikely to leave a
substantial impact on the domain’s practices, this may instead serve as a start-
ing point for future research on a larger scale.

The artifact presented in this thesis is an instance of such a decomposition
of problems. As discussed in Section there is potential for dimensional
modeling to be an innovative approach to analyzing multiple kinds of health
data on different abstraction levels and in different contexts. However, this is
a highly complex problem that goes beyond the scope of this thesis. Instead,
we focus on the application of this approach to thus decomposing the
larger problem with the purpose of providing a starting point for further re-
search.

The iterative design process of this project is described in Section [3.2]
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Guideline 7: Communication of Research

Finally, design science research must be communicated in a way that is un-
derstandable for both technology-oriented and management-oriented audi-
ences. This must include technical descriptions of the artifact that are de-
tailed enough to facilitate further implementation and usage. Additionally,
management-oriented audiences require adequate information on how to ap-
ply the artifact in practice.

The results of our research are communicated throughout this thesis. In
particular, the results are discussed in Chapter 6] and future work is outlined
in Section[7.2

3.2 Design Process

In this section, the project’s iterative design process is described. Over the
course of the project, we had multiple meetings with different domain ex-
perts of psychology associated with INTROMAT] New ideas for the design
of the artifact often originated from these meetings. In two of the meetings,
domain experts provided feedback for the artifact, thus providing qualitative
evaluations of it at different stages in the process.

The project was comprised of four primary iterations, which are described
below.

Iteration 1: Early in the process, we decided to create a simple, general
implementation of taxonomies in the adaptive framework described in
Section We consider this to be the first iteration of the project, where
initial experiments with the structure were made. At this point, we had not
yet determined the exact scope of the project, although we were considering
the possibility of utilizing secondary data collected as part of an INTROMAT)|
study to guide our direction.
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Iteration 2: The second iteration was centered around initializing the de-
velopment of a dimensional model with input from the domain experts. This
included a brainstorming session with the experts, in addition to multiple
meetings related to an intervention content library that is a collaboration be-
tween[INTROMAT]and Helse Vest IKT[, a company that provides ICT services
for public and private health services in Western Norway. A brief description
of the library is given in Section [3.2.]l Based on these meetings, it was de-
cided that we would base parts of our work on[INTROMAT]s ADHD case, and
in particular, the MinADHD intervention, to which we were granted patient
access. We planned to look at how the user-generated data captured in Mi-
nADHD was structured. In addition, we decided to create example use cases
for the dimensional model that was aimed towards clinicians working with
ADHD interventions.

Iteration 3: In the third iteration, we continued developing the dimen-
sional model with a particular focus on reuse of treatment content. Example
use cases for this were generated and presented to domain experts as well
as a developer from Helse Vest IKT. In this meeting, the domain experts gave
feedback regarding how the dimensional model may be improved to promote
reuse of treatment materials, as well as how this approach may potentially
support the content library.

During this iteration, we were also given access to the MinADHD data,
which was used to guide the design of the artifact.

Iteration 4: The final iteration focused on designing the dimensional
model to fit the use case of adapting treatment in a specific intervention based
on user needs. A semi-structured interview with domain experts from
was held in order to acquire a qualitative evaluation of the artifact’s
potential. This is described further in Section

More details about the process will follow in Section

Thttps:/helse-vest-ikt.no/
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3.2.1 The Content Library

In collaboration with [NTROMAT], Helse Vest IKT has developed an
tion Programming Interface (API}| for reusing treatment materials from ex-
isting interventions (Mukhiya |2021). Specifically, the intended purpose of the
is to facilitate the extraction of treatment materials so that they become
accessible from different user interfaces, such as web applications or mobile
applications. In terms of the components described in Section the
represents a library of intervention contents, allowing fetching cases (re-
ferred to as programs), modules, and tasks associated with a selection of in-
terventions (including MinADHD).

In Chapter 4}, we utilize the content library as a possible area of applica-
tion for our dimensional modeling approach when presenting some of the
example cases.

2https://dev-content-intromat-apim.developer.azure-api.net/api-details#api=intromat-
content-api

35



36



Chapter 4
Implementation

In this chapter, we detail the process of developing the artifact, and investigate
how it may be implemented in |[IDPT]|system:s.

We begin by describing the initial model and the related example cases
showing the intended use of the dimensional modeling approach, with a par-
ticular focus on reuse. After discussing feedback on the model given by do-
main experts, we continue the development of the dimensional model, focus-
ing more on individualization. The final version of the dimensional model is
then presented. In the following sections, we experiment with developing a
general data structure representing dimensional models for Finally, a
simplified implementation of the data structure in the open-source adaptive
system introduced in Section [2.4]is discussed.

4.1 Developing Dimensional Models for IDPT

In order to develop the dimensional model, we experimented with a set of ex-
ample cases centered around interventions for people with This way,
we could look to MinADHD and the experts on ADHD to gain insights into

which components are central in[IDPT} and to the MinADHD interaction data
to learn more about what types of data clinicians may use for analysis.
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4.11 Formulating the Preliminary Example Cases

The purpose of the example cases was to demonstrate some potential use
cases for ontological hierarchies in the context of mental health interventions.

The ideas behind the example cases were drawn from a number of sources.
Firstly, the dimensional model for healthcare described in Section[2.8.Iserved
as a starting point for how to model the various dimensions and abstraction
levels of event logs in Furthermore, the adaptive dimensions of adap-
tive applications described in Section and visualized in Figure
provided a general example of how to separate and structure the various di-
mensions in an intervention. Another source of inspiration was the user data
collected in MinADHD, as mentioned in Section|3.2

Higher-Level Hierarchical Models for Healthcare

The structure presented in Figure [2.5| was followed when designing new ex-
ample cases. While this model follows the star-like structure often used in di-
mensional modeling (Kimball & Ross 2013), we decided to reorganize it to em-
phasize its hierarchical nature. This hierarchical structure was then followed
in the dimensional models developed during this project. The new version of
the model is shown in Figure

We based our initial models on the content library described in Sec-
tion The library consists of multiple existing interventions, which typi-
cally contain at least one case focused on a specific disorder or mental health
issue. The cases contain at least one module, often focusing on a specific
symptom or theme. The modules contain exercises centered around this
theme. Additionally, some of the interventions collect user data, in addition
to prompting the users to answer psychometric questionnaires.

Based on these attributes, a dimensional model for IDPT|was proposed in
Figure This model could then be used as a starting point for visualizing
the process of querying the content library from different perspectives. Its
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Figure 4.1: A minimalistic hierarchical model for the various healthcare di-
mensions. It is based on Figure

purpose is not to capture all possible subdimensions and all possible variants
of data collected, but merely to give an overview of what sort of data belongs
where in the hierarchical structure. In general, there is a focus on the cap-
ture of patient-generated event logs, as these are central in monitoring patient
status, as well as measuring the usefulness of the interventions by looking at
engagement levels and symptom improvement.

The model declares three primary dimensions of user profiling in the li-
brary interventions. Firstly, the user dimension encompasses all data and event
logs that are related to the users themselves. Note that while the user dimen-
sion is meant to capture data for multiple user roles, not all subdimensions and
associated event logs are generated by all users. For instance, the user person-
alia subdimension is primarily relevant for patient users, as they may be asked
to provide demographic and personal information such as age, gender, occu-
pation, medication status or treatment history. While clinicians, researchers
and intervention designers may not generate these data themselves, they may
still use these event logs to group patients based on demographic information,
e.g. grouping patients within a certain age interval. User preferences, on the
other hand, may pertain to different user roles - for example, any user ben-
efits from the ability to choose their preferred locale (and thus the language
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i

Event UserID | Time- Name Score
stamp
Test User! |2021/05/05| PHQ-3 21
completed 13:45
Tezt User1 |2021/05/05 ASRE 45
completed 13:50

Iy

Event log containing data on
completed psychometric
questionnaires, indicating
symptom severity
Figure 4.2: A dimensional model illustrating the suggested dimensions of an

IDPT system. Examples of related event logs are shown as tables.
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used in the intervention), if available. User activity refers to the user’s inter-
actions with the systems, such as logins and logouts, page views (being active
on the intervention page) and page blurs (having the intervention open in a
non-active tab), and clicks on specific HTML elements on the page. Simplifies
event logs capturing interaction events, the associated user ID and the times-
tamp can be seen in this portion of the figure. Moreover, the user dimension
also includes user goals, as this was found to be an adaptive dimension of
in Section

The second high-level dimension in the model is the treatment dimension.
This closely follows the structure of the treatment materials, i.e. the compo-
nents of introduced in Section As shown in the figure, event logs
collected in the treatment dimension will likely revolve around the comple-
tion of cases, modules and tasks. One central idea presented alongside this
model is the ability to annotate each of the programs, modules and exercises
with searchable metadata. These metadata may be derived from the other
two top-level dimensions. For instance, as MinADHD is a treatment program
that is suited for adults with ADHD, the case node in the hierarchy could be
annotated with "Age group: Adult“ and “Diagnosis: ADHD® The former anno-
tation is demographic metadata retrieved from the user dimension, while the
latter is information on the patients’ diagnoses retrieved from the diagnostic
dimension (which will be described shortly). In practice, this means that a tag-
ging system must be in place to facilitate these annotations. An example of an
annotated treatment hierarchy is shown in Figure

The final top-level dimension is the diagnostic dimension. This dimension
captures diagnostic information, in addition to psychometric questionnaire
scores and symptoms. The subdimension for reported diagnoses provides
an excellent opportunity to take advantage of standardized ontologies, such
as In the model, a subset of this ontology is visualized with three
nodes representing chapters I (Certain infectious and parasitic diseases), 11
(Neoplasms), and V (Mental and behavioral disorders) of respec-
tively (World Health Organization 2019). The diagnosis may be explicitly ex-
pressed by the user, e.g. in the case of MinADHD, patients are expected to
have a prior ADHD diagnosis to gain access to the intervention (Hvem passer
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MinADHD for? - MinADHD 2021). Psychometric questionnaire scores are also
represented as a subdimension, with a subset of tests on the next level in the
hierarchy. The figure exemplifies an excerpt of relevant event logs contain-
ing information on a completed test of some kind, the associated user, the
timestamp, and the questionnaire score.

The patients’ symptoms and their severity levels also belong to the diag-
nostic dimension, and thus need to be represented. One way to do this is to let
the most recent symptoms be determined by the most recent questionnaire
scores. For instance,|/Adult ADHD Self Report Scale (ASRS)|is a scale consisting
of 18 questions, which are divided into two parts. The first part is concentrated
on inattention, while the second focuses on hyperactivity-impulsivity (Kessler
et al. 2005), both of which are central symptoms of ADHD (World Health Or-
ganization |2019). Thus, the annotations “Symptom: Inattention” and “Symp-
tom: Hyperactivity-Impulsivity” may be attached to the node. An al-
ternative is to attach these symptoms to a relevant ontology. If the
hierarchy is used, the relevant symptoms belong under “Mental and behav-
1oral disorders” (codes FOO-F99), “Behavioral and emotional disorders with
onset usually occurring in childhood and adolescence” ‘(codes F90-98), “Hy-
perkinetic disorders” (codes F90.x), under which there exist four subgroups
of ADHD (“F90.0 Disturbance of activity and attention”, “F90.1 Hyperkinetic
conduct disorder”, “F90.8 Other hyperkinetic disorders” and “F90.9 Hyperki-
netic disorder, unspecified”) (World Health Organization 2019).

Regardless, it is natural to measure the severity levels of the symptoms by
analyzing the nuances of the questionnaire scores. For example, the two parts
of generate one score each, meaning these values can be used to de-
termine the current impact of inattention and hyperactivity-impulsivity, re-
spectively. It is also possible to utilize the questionnaire scores to measure the
fluctuations in symptom severity over time. Within a specific intervention,
this can be used to adapt the treatment to every patient, for instance by sug-
gesting exercises that have been annotated with the patients’ symptoms that
have shown a trend of deterioration.

42



_

=

Figure 4.3: An example of how a treatment hierarchy of an intervention may
be annotated. Note that the metadata is borrowed from the two other pri-
mary dimensions: The user dimension (demographic information, green la-
bels) and the diagnostic dimension (symptoms and diagnoses, yellow labels).
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Changing Abstraction Levels with Dimensions

Using the new dimensional model, we also aimed to demonstrate how the di-
mensions could be used to select relevant abstraction levels. In particular, we
consider other dimensions from the perspective of one dimension, and show
how this can be used to group event logs such that the users gain access to
relevant data without information overload. The role of the user in the fol-
lowing two example cases is assumed to be a clinician or researcher analyzing
the effect of an intervention for adults with ADHD, or alternatively a designer
of a future intervention that wants to gain insight into the strengths of existing
treatment programes.

In the first example query presented to the experts, we investigate a po-
tential connection between patients with ADHD-related symptom improve-
ments and the number of modules and exercises completed. This process is
visualized in Figure Firstly, we select the patients whose ADHD symptoms
have improved over time. For this, we would need some mechanism to deter-
mine exactly what improvement entails. Additionally, since we are specifically
interested in examining ADHD symptoms, we only group the event logs in
the diagnostic dimension that represent the results of and |Adult ADHD)|
[Quality of Life Questionnaire (AAQoL), as they are centered around
Since the initial step groups patients based on their psychometric question-
naire scores, we have chosen to envision this filtering process to use the di-
agnostic dimension as a starting point. Based on this selection, the next step
is to group all event logs of modules and exercises that these patients have
completed. This secondary selection may aid in allowing the user insight into
whether there is a correlation between patients who have a certain symptom
pattern and patients who have completed a set of modules and exercises, per-
haps in a specific order. Now that the pre-processing step of organizing rel-
evant event logs has been completed, we facilitate the reduction of the asso-
ciated process model, which in theory helps simplify further analysis of the
data (Rabbi et al.[2020).

The second example case presents a scenario where the relationship be-
tween low engagement rates and psychometric questionnaire scores is exam-
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Event |UserID Time- Name Score
stamp
Test User1 |2021/05/05| PHQ-2 21
completed 1345

Event log containing data on
completed psychometric

Figure 4.4: The first example case. This selection process may serve as a pre-
cursor for examining the relationship between symptom improvement and

typically completed modules and exercises.
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ined. As Figure shows, we consider the diagnostic dimension (question-
naire results) from the perspective of the user dimension (user activity). The
first step entails the selection of patients who rarely interact with the system.
As in the first example step, we need some mechanism to define what rarely
means in this context, perhaps even allowing the therapist to define their own
thresholds for various degrees of engagement. Here, we group logs for events
such as logins, logouts, clicks, and page navigation, and filter these so that
event logs associated with patients with low interaction rates remain. These
event logs are then used to query these patients’ questionnaire scores. In this
scenario, we are interested in all test results and subsequently all associated
symptoms, and thus do not discard some questionnaires as in the first exam-
ple case.

4.1.2 Feedback from Domain Experts

The resulting dimension model and the example cases were then presented to
domain experts of psychology affiliated with INTROMAT. A developer from
Helse Vest IKT working with the content library was also present. The pre-
sentation was given in the context of a meeting centered around the content
library, and was used as an opportunity to obtain useful feedback and eval-
uations of the dimensional model at this point in time. In this section, we
present an overview of the concrete feedback given by the domain experts
and the Helse Vest IKT developer. The evaluation aspect of the meeting will
be discussed further in Section

Firstly, it was requested by the experts that we use “Education level” in-
stead of “Occupation” under “User personalia”, and to add “Reading compre-
hension” in the same subdimension. These are metrics that have been used
in several of the INTROMAT research projects. It was mentioned that it is
easier to group patients by their highest attained level of education than their
occupation. One reason for this may be that education levels are more stan-
dardized and recognizable than occupations, which can vary to a far greater
degree. Moreover, the experts recalled the reactions of previous intervention
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Event UserlID| Time-

stamp

Event log containing user interaction “L
data
= Actions performed
- Buttons/forms/fetc. interacted
with

Event log containing data on
completed psychometric
questionnaires, indicating
SYMPIOMm Severity

Figure 4.5: The second example case. In this example, we visualize the process
of examining a possible relationship between user activity and psychometric
questionnaire scores.

study participants who had negative reactions to tasks that were presented in

an unnecessarily simple manner. It was requested that reading comprehen-
sion be included as a metric by which intervention contents may be measured
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in order to avoid these negative reactions. However, more research into ex-
actly how to measure this would be needed.

Another proposition entailed expanding the treatment dimension to ex-
plicitly capture more than the treatment content hierarchy. For instance, it
was suggested to add a subdimension for treatment techniques. This way, it
would be possible to label programs, modules and exercises according to the
treatment techniques they employ, such as mindfulness, cognitive training
or physical activity. This subdimension was added to the new version of the
dimensional model, along with a subdimension representing content format
(e.g. video, text, or audio), to give further options for filtering treatment con-
tent.

The feedback also included a discussion on psychoeducation and its place
in the treatment dimension. In some of the previous INTROMAT interven-
tions, psychoeducation has taken the form of stories detailing common sce-
narios that patients in the target group may relate to. For example, MinADHD
contains stories in video format, showing situations that adults with ADHD
typically find difficult. These videos are not necessarily meant to be exercises,
but instead have the goal of normalizing ADHD-adjacent experiences to the
user, as well as helping the user connect the displayed scenarios to their own
experiences. MinADHD also contains informative content in text format de-
scribing various aspects of ADHD (e.g. hyperfocus, inattention) that also serve
as learning materials. In this intervention, interactive exercises and educa-
tional materials both belong to specific modules. To reflect this approach, the
treatment program hierarchy was altered so that exercises and learning mate-
rial were represented as different instances of tasks, which exist directly below
modules.

Additionally, the domain experts introduced the concept of common factors
of psychological treatments, and suggested its inclusion in the model. Com-
mon factors of psychotherapy are based around an idea originally introduced
in 1936 that claims all therapies produce comparable outcomes, and thus also
have certain core factors in common (Cuijpers et al. 2019). Multiple models
describing and defining these common factors have since emerged. One pop-
ular model is the contextual model which presents three pathways for patients
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in psychotherapy: A connection between therapist and patient, the patients’
expectations, and specific ingredients of therapies (Wampold 2015). During
the meeting, the domain experts pointed to a set of slightly different common
factors that they have found to be relevant in their work with digital interven-
tions, namely normalization, hope, motivation, and credibility. Firstly, the
psychoeducation present in interventions such as MinADHD aims to normal-
ize the patients’ experiences related to their diagnosis. Furthermore, another
goal behind the intervention contents is to motivate users and instill them
with hope. Designing interventions that meet the patients’ expectations in re-
gards to credibility has also been central. As a result, the dimensional model
was expanded to reflect these common factors of digital interventions.

The presentation also prompted a discussion headed by the Helse Vest IKT
developer regarding how taxonomic annotations would best be implemented
and managed in a content library. One option would be to let clinicians using
the content library define their own taxonomies on the fly. The perceived ad-
vantage of this approach is that is easy for clinicians to define the taxonomies
they need to annotate their treatment materials. However, since any taxon-
omy could be added at any time, this would likely come at the cost of duplica-
tion, noise, and loss of standardization. Another approach that was theorized
to combat these issues entails creating have predefined, rigid taxonomies for
the clinicians to use. The cost of this approach is that it is more difficult to
expand the set of available taxonomies.

The result of accommodating the suggested changes to the dimensional
model is shown in Figure This figure constitutes the design artifact of this
thesis.

4.1.3 Introducing Measurements to the Dimensions

Moving forward, we also decided to put a greater emphasis on assigning mea-
surements to the dimensions. The motivation for this is that we want to im-
prove the structures in interventions through systematic annotation of mental
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Figure 4.6: The dimensional model for IDPT, altered based on domain expert
feedback.
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Figure 4.7: A screenshot of an exercise evaluation in MinADHD.

health information. Such annotations may boost the querying of informa-
tion from different information sources (Hadzic et al.[2008). We envision that
these measurements may be used to support the adaptive assignment of treat-
ment materials to patients based on their unique user profile.

As discussed in Section [2.2.1) there are multiple forms of measurements al-
ready in use in interventions. For instance, it is common to use psychometric
questionnaire scores to assess patient status, and this is generally considered to
be a method that works well (Andersson & Titov|2014). Another form of mea-
surement is used in MinADHD, where patients are sometimes asked whether
they want to do a specific exercise, and to evaluate the usefulness of that ex-
ercise from one (not at all useful) to five (very useful). This is shown in Figure
and is an example of how the usability of exercises may be measured.

4.2 Generalizing Hierarchical Dimensions

In this section, we discuss how the dimensions of may be represented
in a data structure. We treat the data structure as a theoretical conceptual-
ization, not as a feature in a specific implementation of an intervention. An
implemented version of the representation will be discussed in Section 4.3
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4.2.1 A General Data Structure

The initial idea involved creating a general representation for the dimensions
seen in Figure 4.6

Firstly, it is natural to assign a unique ID and name to each dimension. The
name will be the main label by which dimensions are identified by human
users. Basing this representation on the dimensional model shown in Figure
examples of names would be “Age”, “Depressive symptoms” or “Preferred
media content type”.

Furthermore, there is a need for some mechanism for establishing a hier-
archy of the various dimensions. For this, it was decided that each dimension
would keep a list of its parents. This enables us to create trees (i.e. each dimen-
sion has at most one parent), while also leaving room for modeling hierarchies
as graphs (i.e. each dimension may have zero, one or multiple parents). We
chose to represent ancestry as a list instead of a single parent because we were
uncertain whether dimensions would always have only one parent, and thus
we opted for the more general representation.

Additionally, as discussed in Section we aimed to assign one or more
measurements to each dimension to improve querying of the data structure.
In practice, this would mean grouping data based on their labels, which have
values associated with them. For example, one may want to group a set of
exercises based on what age group they target, or a set of patients based on
the severity of a specific symptom. In both of these cases, selection could be
done by specifying some numeric interval as a filter.

An early draft showing how hierarchical dimensions may be represented
is expressed in pseudocode in Listing Here, we have a data structure
Dimension with four fields with associated types: (1) id, represented by some
arbitrary type that is suited for representing unique identifiers, (2) name in
the form of a string, (3) parents, a recursive list of dimensions that are di-
rectly above this dimension in the hierarchy, and (4) measurements, a function
which given some measurement unit will return the corresponding value if
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Dimension {
id: 1D,
name: String,
parents: [Dimension],
measurements: Unit -> Measurement

Listing 1: An early pseudocode representation of hierarchical dimensions.

available. For the purposes of this simple representation, the types Unit and
Measurement are not defined explicitly, but merely communicate the con-
cept of a mapping between different modes of measurements (for example
the psychometric questionnaire or “Content format” directly below
the “Treatment dimension”, a parent node to the specific format types inter-
vention content may take) to values (such as the numeric score resulting from
a patient completing or the categories of “Content format”, namely
“Video”, “Audio” and “Text”).

One aspect to consider is the concept of multidimensional measurements.
With regards to psychometric questionnaires, we may be interested in deriv-
ing information about specific symptoms, and not just the total score. This ac-
cumulated score gives an indication of the overall symptom severity for some
aspect of the patient’s mental health, such as a specific diagnosis. However,
the total score gives little information about exactly which symptoms need
the most attention at a given time, and thus we want to include the option of
partitioning the total score into subscores indicating the severity of each main
symptom. The hierarchical structure of dimensions can enable this by letting
the children of a dimension with some accumulated measurement represent
these submeasurements.

An example of this can be seen in Listing [2, where we have created three
dimensions centered around ADHD symptoms. In adhd_symptoms, the up-
permost dimension in the hierarchy, we use the psychometric test as a
measurement of ADHD symptom severity. Its measurements mapping keeps
track of the accumulated score, but does not give further information
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about intensity at symptom level. As mentioned in Section4.1.1, the questions
in are arranged into two parts A and B that focus on the symp-
toms inattention and hyperactivity-impulsivity, respectively. Thus, we can
model this multidimensional measurement by letting the two subdimensions
of adhd_symptoms keep track of any subscores that operate at symptom level.

4.2.2 Developing the Data Structure Further

Based on this initial draft, we experimented with the data structure by at-
tempting to map multiple of the different nodes in Figure |4.6|to this new rep-
resentation. What was quickly discovered to be problematic was the attempt
to assign measurements to the various dimensions. As these dimensions are
quite heterogeneous, trying to make them adhere to the same general map-
ping representing measurements shed light on multiple challenges with this
data structure.

Firstly, not all measurements are strictly numeric the way age intervals or
psychometric questionnaire scores are. Instead, some dimensions belong to
different subgroups. For instance, the aforementioned “Content format” di-
mension acts as a category type, and thus is measured, or more accurately
grouped or categorized, by its children. Similarly, “Content technique” is not
measurable on its own, though its properties may be expressed by using its
children as a form of categorization.

Furthermore, the measurements mapping does not leave room for the
presence of multiple values per unit for a given measurement, dimension,
and a given user. For example, an intervention may prompt a user to answer
the same psychometric questionnaire multiple times in order to monitor the
development of their mental health status over a prolonged time period. The
data structure must therefore take into account that there may be multiple
readings available. There are multiple ways to solve this — for instance, it is
possible to retrieve all measurements, the most recent measurement, or some
sort of a manipulated measurement, such as an average reading. Exactly how
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let adhd_symptoms = Dimension {
id: O,

name: "ADHD Symptoms",
parents: [],

measurements: { ASRS: 40 }

let adhd_symptom_inattention = Dimension {
id: 1,

name: "ADHD Symptom: Inattention"
parents: [ adhd_symptoms ],
measurements: { ASRS_Part_A: 23 }

let adhd_symptom_hyperactivity_impulsivity = Dimension A{
id: 2,

name: "ADHD Symptom: Hyperactivity-Impulsivity"
parents: [ adhd_symptoms ],

measurements: { ASRS_Part_B: 17 }

Listing 2: An example hierarchy of dimensions modeling multi-dimensional
measurements of ADHD symptoms. Note that the first dimension is the par-
ent of the other two, and that the first dimension’s measurement is the sum
of the two submeasurements.

Dimension {

id: ID,

name: String,

parents: [Dimension],

measurements: (UserID, Unit) -> Nullable [Measurement],

Listing 3: Another pseudocode representation of hierarchical dimensions.
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this is done in practice is an implementation detail, though it is important to
be able to take historical data into account where relevant.

Some of these observations challenge the data structure proposed in List-
ing [l We extend this representation in Listing[3} which addresses some of the
issues with the first version. For instance, the possibility of multiple measure-
ments is addressed by letting the measurements mapping return a list of mea-
surements instead of a single measurement. This list is wrapped inaNullable
pseudocode type, which we envision to work similarly to Haskell’s Maybd]| or
Rust’s Optionf]in that, based on the input, the mapping returns the requested
value(s) if available, and some empty value if not. In cases where at least one
measurement is available for a given dimension, user and unit, it will be re-
turned, while cases where there are no relevant measurements signalize this
with an empty value. The latter could be dimensions that do not have directly
associated measurements.

Another change made between the Listings [l and [3|is the inclusion of the
UserID as an explicit input to the measurements mapping. This was done to
emphasize that each measurement is tied to a user in some way, e.g. the user’s
engagement level, symptom severity, or enjoyment of a certain exercise type.
We envision that these measurements can support user profiling in the future.
Specifically, we are interested in using user-centered measurements of vari-
ous aspects of an intervention to improve the adaptation of treatment to each
user. However, the exact details of how this would be implemented are be-

yond the scope of this thesis, and will instead be summarized as future work
in Section

4.3 Extending the IDPT Framework

In this section, we present an implementation of the hierarchical dimensions
as an extension of the adaptive IDPT framework described in Section 2.4, We
begin by giving a brief overview of the technical details, including the main
technologies used and the architecture. A description of the extension follows.

Thttps://hackage.haskell.org/package/base-4.15.0.0/docs/Data-Maybe.html
2https://doc.rust-lang.org/std/option/
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4.3.1 Technologies

This section gives an overview of the main technologies used during devel-
opment. As the implementation is a contribution to an existing development
project, the relevant technologies had already been chosen before this project
commenced, and thus the overview is brief. The application’s codebase is
largely based around JavaScript frameworks.

MongoDB The application uses MongoDB| (2020) as its NoSQL database.

Mongoose Mongoose (2021) provides a schema-based method for modeling
data in the database.

NodeJS |Node.js (2020) is a JavaScript runtime environment that is used to han-
dle the bulk of the logic in the application’s backend.

GraphQL The application uses |GraphQL|(2020) for creating and dispatching
dynamic queries between the frontend and the backend.

React]S The application’s is built in React (2020), a component-based
JavaScript library that facilitates the creation of declarative views.

Ant Design Ant Design|(2020) is a React-compatible [UI| design language used
for styling.

4.3.2 Architecture

In this section, we present the architecture of the IDPT application. Simi-
larly to the application’s technologies, the architecture was determined and
implemented outside of the context of this project, and thus we only give a
brief overview of it. The main components and the code flow are visualized
in Figure

In the backend, we have four main components, namely the MongoDB
database, repositories, services and API endpoints. In general, there are simi-
lar pathways for each of the main entities in the application (e.g. users, cases,
modules, tasks, taxonomies). This means that each of the entities has a cor-
responding database schema, repository, service and API endpoint. The role
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Figure 4.8: The architecture of the IDPT framework.

of a repository is to manage database operations (e.g. [Create, Read, Update,|
land Delete (CRUD)|operations and related actions) for a specific entity. On the
other hand, services also handle entity-specific operations, but do not interact
with the database directly. These operations are called from the backend’s API
endpoint, where GraphQL queries and mutations (i.e. queries that may mod-
ify data) are received from external actors (such as the application’s frontend).
Users of the API are required to adhere to a set of custom-made GraphQL
types for each of the entities that they wish to interact with.

The frontend follows a similar approach to the backend, where each of
the entities has an associated service responsible for performing entity oper-
ations. However, for each operation, the corresponding GraphQL mutation
or query is formulated and dispatched to the backend’s API endpoint. This
service, along with associated operations and models representing the enti-
ties are grouped as modules in the codebase (not to be confused with treatment
modules in an intervention that have an associated set of tasks for the patient
users to complete).

Furthermore, each entity has a number of React components associated
with them that comprise a view, which presents the user interface. From this
user interface, users with the appropriate privileges are able to view and in-
teract with existing entities.
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4.3.3 Implementing Taxonomies

A simplified version of the general representation introduced in Section
has been implemented in the framework. We use the term “taxonomy”
instead of “dimension”, as the initial experiments in the framework pre-
date the development of the dimensional models. In this section, we present
an overview of the taxonomy support added to the framework, and the im-
plications of this work.

Representing Taxonomies

Each taxonomy entity has an ID, a name, and a list of parents, where each
parent is another taxonomy. Initially, the implementation followed the par-
ent references pattern described in the MongoDB documentation (Model Tree
Structures with Parent References 2021). In this pattern, child nodes in a tree
keep references to their parent nodes. Taxonomies were later altered so that
the parent attribute was represented as a list — thus, they may have zero, one
or multiple parents. Representing parents as a list of taxonomies rather than
one singular taxonomy enables the user to view relationships between differ-
ent components as graphs, rather than limiting the visualization to trees.

Due to time constraints, and because user profiling was not available in
the framework while we added taxonomy support, we opted to not
add measurements to the taxonomies. Instead, adding measurements to tax-
onomies will be left as future work in Section [7.2|

The representation of taxonomies in the database is shown in Listing
which is the application’s Mongoose schema for taxonomies. This means that
all taxonomies in the database conform to this structure. It is required for
all taxonomies to have a name, however, the list of parents may be empty.
The id is generated automatically, and thus is not explicitly included in the
schema. An example of how specific taxonomies appear in MongoDB is shown

in Figure
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_id: objectid( "eeeebsadase3fes4583a8429")
« parent: Array

name: "ADHD symptoms"

_v:@

_id: objectId("cefees77ed42doafa8s7748c")
« parent: Array
8: objectId("e@eebsadase3fE5458aa8429" )
name: "ADHD symptom: Inattemtion™
v:e

_id: objectId( "sefeessbeda2doafos87748e")
« parent: Array
8: 0bjectId("eeeebsadase3fe54508a3a8429")
name: "ADHD symptom: Hyperactivity-Impulsivity™
Vi@

Figure 4.9: Specific taxonomies as represented in the database.
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const TaxonomySchema = new Schema(
{
name: {
type: String,
required: true,
¥,
parent: [
{
type: Schema.Types.Objectld,
ref: 'taxonomy',
s
1,

Listing 4: The database schema for taxonomies.

Furthermore, there are multiple GraphQL types related to taxonomies im-
plemented in the system. These are defined in the GraphQL schema language,
and ensure that API calls to the backend related to taxonomies provide ap-
propriate data. For example, we have defined an input type TaxonomyInput
(as seen in Listing Jj) that imposes restrictions on how new taxonomy data in-
troduced to the system (such as in a create or update operation) is structured.
In particular, each taxonomy is required to have a name. Additionally, if the
taxonomy has at least one parent, the parents must not be null. This is en-
forced by the ! symbol, which signalizes that the entity of the preceding type
is non-nullable (Schemas and Types 2021).

Currently, there are no restrictions on the taxonomies’ ancestry. For in-
stance, there is no cycle prevention, meaning any one taxonomy can be a par-
ent of any taxonomy, including itself. Whether this should be prevented, and
whether the maximum number of parents should be reduced to one to reduce
the complexity of the data structure, are matters that should be considered in
future implementations.
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const schema =
input TaxonomyInput {
name: String!
parent: [String!]
+

Listing 5: The GraphQL input type that represents taxonomies.

Interacting with Taxonomies in the User Interface

Currently, the application’s allows the user to view and manipulate tax-
onomies from a dedicated page, as shown in Figure [4.10] The interactions
available include operations, free text searching for taxonomies based
on name and/or parents, importing and exporting taxonomies as Microsoft
Excel (.xIsx) files, and viewing relevant audit logs. The user may alter the con-
tents of the parent list when updating a taxonomy, meaning it is possible to
restructure the hierarchy this way (e.g. by removing, adding or replacing par-
ents).

During the implementation of taxonomies in the application, we ini-
tially discussed implementing an interactive visualization of the taxonomies.
This would provide the users with an intuitive overview of the taxonomies
and their relationships aimed at users with direct access to taxonomies (such
as clinicians who create treatment courses). One way to do this would be to im-
plement a tree view closely resembling a directory hierarchy where the user
could navigate up and down in the tree, where subtrees could be collapsed or
hidden. As this approach is based on trees, we would then require each taxon-
omy to have at most one parent. However, this was not implemented during

this project due to time constraints, and is instead described as future work in
Section
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Application = English mlfugles

@ Home Home / Taxonomies
A 1AM
5 Patiente Taxonomies
% Responses
E& Audit Logs [f Export to Excel

[ Cases
E Modules

MName:
Tasks

Parent:
[E Records

B Assignments | O Reset |

& Taxonomies

@ Settings Name fatent
B Audit Logs ADHD symptoms View Edit Delete
ADHD symptom: Inattention ADHD symptoms View Edit Delete

ADHD symptom: Hyperactivity-Impulsivity ADHD symptoms View Edit Delete

10/ page

Figure 4.10: The list of taxonomies displayed in the[Ul of the IDPT framework.
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Taxonomy: "ADHD Intervention Example"
Diagnosis: ADHD
| ADHD symptoms
ADHD symptom: Inattention
ADHD symptom: Hyperactivity-Impulsivity
Age group: Adult
Age group: 18-25
Age group: 40-60
Figure 4.11: An example taxonomic hierarchy that may be used to annotate
the treatment content in an intervention for adults with ADHD.

Assigning Taxonomies to Cases, Modules, and Tasks

As explained in Section[2.4] the hierarchy of treatment components consisting
of cases, modules and tasks is a central part of In this project, we have
extended the implementation of these components in the framework
so that it is possible to assign a list of taxonomies to any case, module or task.
This enables the designation of hierarchical labels or annotations which may
be used to filter treatment materials in the future.

In practice, this means that we have realized the concept conveyed in Fig-
ure4.3|in our implementation. We will now demonstrate how we can recreate
this specific example in the framework using cases, modules, tasks and
taxonomies. Firstly, we recreate the case, module and the two tasks used in
this hierarchy (Figure 4.12), in addition to a taxonomy corresponding to the
hierarchy shown in Figure Relevant taxonomies can then be used to an-
notate the treatment content by assigning them to the suitable case, module
or task in order to to obtain the annotated hierarchy visualized in Figure
This recreation in the framework may be viewed in Figure 4.14]

In our example, we utilized two small, custom-made ontologies represent-
ing some aspects of ADHD and some age groups within the adult category,
respectively. However, as discussed in Section it is beneficial to adhere
to standardized, well-established health terminologies where possible to im-
prove interoperability. For example, instead of using the annotation “Diag-
nosis: ADHD”, we may use the corresponding codes in terminologies such as
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Case: "My ADHD program"
modules:
LA,Module 1
L,tasks:

tExercise 1.1

Exercise 1.2

Figure 4.12: A simplified representation of the treatment component hierar-
chy shown in Figure

Case: "My ADHD program"

taxonomies:

| Diagnosis: ADHD

modules:

LA,Module 1:
taxonomies:

tADHD symptom: Inattention
Age group: Adult
tasks:
Exercise 1.1:
| taxonomies:
kAge group: 18-25
ADHD symptom: Inattention
Exercise 1.2:
| taxonomies:
kAge group: 40-60
ADHD symptom: Inattention

Figure 4.13: The same hierarchy as in Figure annotated with taxonomies
from Figure 4.11}
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Name Status Avatar Meodules Taxonomies AvailableFrom Created at

My ADHD Program ACTIVE 2021-06-21 2021-06-21 19:22
Owner Name Status Tasks Taxonomies Avatar Prerequisite
Module 1
MName Status Tags Points CompletionRequired ComplexityLevel Owner Taxonomies

Exercize 1.1 ACTIVE No

Exarcize 1.2 ACTIVE No

*

Figure 4.14: The annotated hierarchy of treatment components realized in
the application. The first table lists the case “My ADHD Program”, the
second lists the module “Module 17, while the third lists the two tasks “Exercise
1.1” and “Exercise 1.2”.

Case: "My ADHD Program"
taxonomies:
tICD—lO: F90.9
SNOMED-CT: 31177006

modules:

Figure 4.15: In this example, we use the well-established health terminolo-
gies and SNOMED-CT] to annotate our case with codes representing
the diagnosis ADHD (2021 ICD-10-CM Diagnosts Code F90.9 2021) (31177006 :
Attention Deficit Hyperactivity Disorder, Combined Type (Disorder) 2021)
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and/or SNOMED-CT] Since we allow the treatment components to
keep a list of taxonomies, it is possible to assign multiple of these terminolo-
gies with an equal level of importance. An example of what a case annotated
with standard terminology codes could look like is shown in Figure [4.15

The taxonomy referred to in each case, module and task presents informa-
tion on some abstraction level (such as diagnosis level). If that taxonomy has
descendants, it may be further expanded to present the subtrees, which of-
fer additional details (such as specific symptoms of a diagnosis). This way, we
lay the groundwork for offering the user a method for selecting the preferred
level of abstraction or detail.
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Chapter 5
Research Evaluation

In this chapter, we describe how we evaluated the artifact with the aid of do-
main experts of psychology. Two meetings were held in which we presented
the artifact and received feedback from the experts. The first meeting resem-
bled an unstructured interview, while the second was specifically conducted
as a semi-structured interview.

5.1 An Unstructured Midway Evaluation

As described in Section a meeting with two domain experts from
and a developer from Helse Vest IKT was held in order to discuss
the future of the content library project. During this meeting, we presented
the state of the dimensional model at the time to the domain experts. The pur-
pose was to gauge the experts’ interest in utilizing the dimensional modeling
approach to support reuse of treatment materials, particularly in the context
of the content library, and to elicit suggestions for improvement.

Due to time constraints, and because the meeting was not wholly dedicated
to the presentation of our artifact, we did not have the opportunity to conduct
a comprehensive interview with some degree of structure. Instead, the for-
mat of the meeting resembled an unstructured interview, which according to
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Seaman (1999) is characterized by a lack of or few predefined questions, and
where the interviewer’s objective is to obtain as much information as possible
on a broad topic. During and after the presentation, we allowed the experts
to give concrete feedback and suggestions for future iterations of the model.
The concrete suggestions were detailed in Section[4.1.2]

In addition, the meeting was used as an opportunity for the experts to give
a midway evaluation of the dimensional modeling approach with respect to
the reuse aspect. The feedback from the domain experts was predominantly
positive — they expressed that the use of taxonomic annotations was promis-
ing for supporting reusing treatment materials in new interventions. Overall,
they judged the chosen dimensions and their organization to be a sensible
starting point for the dimensional modeling approach for

In hindsight, the unstructured nature of the evaluation did not elicit a par-
ticularly detailed evaluation, and a more structured interview likely would
have been more valuable for our project. Thus, in future research on this
topic, we recommend performing a more thorough and structured evalua-
tion of using dimensional modeling in with respect to reuse.

5.2 A Semi-Structured Interview with Domain Ex-
perts

In order to evaluate the dimensional modeling approach presented in this the-
sis, a semi-structured interview with two domain experts of psychology was
conducted. While the previous meeting with other domain experts described
in Sectiond.1.2]focused on reusing treatment content from multiple interven-
tions, the topic of this interview concerned adapting treatment to user needs
within a specific intervention. Both of the domain experts interviewed are
psychologists with prior experience with the use of systems for people
with ADHD.
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According to Hove & Anda (2005), it is common to utilize qualitative re-
search methods to fulfill research goals in software engineering research that
are qualitative in nature. Thus, we chose the semi-structured interviewing
method because of its capability to provide relevant qualitative data using
both predefined questions about a topic in addition to unforeseen observa-
tions and impressions (Seaman 1999). Performing semi-structured interviews
tends to be costly (Hove & Anda|[2005), however, the cost of performing this
interview was low due to only interviewing two domain experts once.

The interviewing process was comprised of two stages.

1. In the first stage, the updated version of the dimensional model (Fig-
ure was presented to the domain experts. The presentation also
included two example cases for usage, in addition to a simple non-
interactive prototype and a verbal description of how we envision this
to be used in future interventions.

2. After the presentation, we moved on to the second stage of the interview.
The experts were then asked to verbally answer thirteen predefined ques-
tions (and one spontaneous follow-up question) about their experiences
with and their opinions on the presented dimensional model.

The format of the meeting allowed for general questions and feedback
from the experts at any point in both stages.

The questions presented in the second stage, the corresponding answers,
and related reflections are detailed in Appendix [A] For the sake of brevity,
the answers (which were transcribed during the interview) have been para-
phrased and compiled into bullet points. In addition, the feedback and an-
swers to the questions were originally given in Norwegian, and thus they have
been translated into English. As the interview occurred as a conversation with
both experts simultaneously where they would often build their answers off
each others’ contributions, we do not distinguish between their answers to the
questions. The exception to this is the first question, as it concerns the experts’
professional backgrounds and experience with
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5.2.1 Interview Results

The experts’ reactions to the presentation of the dimensional model were pri-
marily positive. However, aspects of the model were also met with some skep-
ticism.

On the one hand, they expressed that the model was neatly organized, and
that it was a good representation of the dimensions of Domain expert 2
(as described under QI in Appendix[A) was particularly interested in the idea
of using the model in the context of [Sequential Multiple Assignment Ran-|
idomized Trials (SMART) designs, which are used to obtain high-quality data
for building adaptive interventions (Lei et al. 2012). In general, both experts
interpreted the model as an adequate starting point for future research.

However, they also suggested moving some of the subdimensions to an-
other place in the hierarchy, as their current placements seemed inaccurate.
For instance, one proposal was moving the “Emotional regulation” subdimen-
sion out of the “Symptoms” subhierarchy, as emotional regulation is not a
symptom, but rather a measurable mental process.

The presentation of the model also prompted a discussion about the rela-
tionship between diagnoses and symptoms, and how this could be reflected
in the model’s hierarchy. The experts commented on the separation of the
“Reported diagnoses” and “Symptoms” hierarchies; expressing that the rela-
tionship between the two as reflected in the hierarchy may differ based on
the premise of each individual intervention. For example, in an interven-
tion that is intended for users with a specific diagnosis already established, the
“Reported diagnosis” dimension may be suited as an ancestor of the “Symp-
toms” hierarchy, as the diagnosis is a precedent for measuring the user’s symp-
toms in the intervention. In the case of an intervention that assesses the users’
symptoms for the purpose of diagnosing them, however, the symptoms would
come before the diagnosis in the process. Here, it may be better to reflect this
process by letting “Symptoms” be an ancestor to “Diagnoses”.
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Furthermore, domain expert 1 noted the transdiagnostic nature of the
model. According to Fusar-Poli et al. (2019, p. 192), “a transdiagnostic ap-
proach in psychiatry is expected to cut across existing categorical diagnoses
and go beyond them, to produce a better classification system, compared
to the existing gold standard”. As domain expert 1 remarked, a diagnosis is
merely a set of symptoms of which one must have a certain subset in order
to get that diagnosis. Moreover, overlap in symptoms between different di-
agnoses is common. Based on this, domain expert 1 noted that the model
may hold the potential to be particularly useful for representing interventions
made for users with a wide variety of symptoms, regardless of diagnosis.

When asked about their experiences with data representation in interven-
tion applications, the main problem discussed was proper management of
interaction data. While their experiences with extracting, organizing and ana-
lyzing psychometric questionnaire results have been positive, interaction data
had typically been poorly represented in a way that inhibited their clinical
workflow. Thus, structuring interaction data in a sensible manner requires at-
tention in the development of future systems. The experts suggested
that in order for this to improve, the communication between clinicians and
developers of must improve as well.

In addition, the experts had an optimistic view of the introduction of mea-
surements to the dimensions and their involvement in user profiling. They
suggested that primarily using psychometric questionnaire scores to measure
the user gives does not provide a sufficiently nuanced snapshot of the user’s
mental health status. The experts expressed an interest in supplementing the
user profile with measurements such as answers to open-ended questions,
physiological data, or speech recognition. However, they also noted that this

would require further research into each of these measurements and how ef-
fective they are when used in IDPT]

Results from this evaluation and the feedback from the meeting discussed
in Sectionf4.1.2|provide valuable insight into how this model may be useful for
designing and improving [DPT]|systems. In general, the experts’ impression
of the model was that it is an interesting avenue to explore in future inter-
ventions. However, thorough empirical testing of its contents is required to
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fully understand its potential. Further testing and improvement of the model
will be left described as future work in Section [7.2] as this reaches beyond the
scope and time constraints of this thesis.
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Chapter 6
Discussion

In this chapter, we discuss the results of this thesis. This entails a presentation
of the findings derived from the design process, the development of dimen-
sional models and the related data structures, and the research evaluation. We
will provide answers to the research questions defined in Section reflect
on this thesis’ contributions to the knowledge base, and discuss the limitations
that affected the project.

6.1 Answering the Research Questions

This section presents answers to the research questions introduced in Sec-
tion [[.3

RQIl: How can a dimensional modeling approach be implemented to sup-
port reuse of treatment content in interventions for mental health?

The first research question was primarily answered in Chapter {4/ and Sec-
tion 5.1 We used the intervention content library described in Section [3.2.]]
as a starting point for this work. In particular, through the experiments with

75



the dimensional modeling approach described in Sections and with the
feedback and evaluations given by the first set of domain experts presented
in Section and Section [5.1, we gained insights into how we can annotate
the treatment content in[[DPT]in a way that may help support reuse in future
interventions. These insights were used to propose a format for these taxo-
nomic annotations in Section We then discussed the implementation of
a simplified version of the data structure in Section 4.3.3]

As discussed in Section choosing between allowing free creation of
new taxonomies at any time and utilizing rigid, predefined taxonomies is a
central problem that must be considered in future implementations. Based
on the discussion we had with the domain experts and the representative for
the content library, choosing predefined taxonomies appears to be the safer
option, as it enables us to avoid noise in the content library. However, this
means that we likely need a mechanism that allows adding new taxonomies in
a controlled manner, to avoid situations where clinicians are unable to anno-
tate their intervention because no relevant taxonomies are available. Exactly
what this entails goes beyond the scope of this thesis, and requires further
development and testing in the future.

Thus, in order for the dimensional modeling approach to support reuse
of treatment materials, we envision the further development of a useful taxo-
nomic data structure for annotating the interventions with hierarchical meta-
data. The data structure presented in this thesis needs further testing before
we can ascertain whether it is useful, and which aspects of it must be altered. In
addition, it is necessary to examine the issue of standardizing the annotations
within a specific content library, and to identify to what degree of restricting
free taxonomy creation leads to the best user experience for clinicians using
the library.

RQ2: How can a dimensional modeling approach be implemented to sup-
port the adaptation of treatment to user needs within a specific intervention?

The second research question was addressed in Chapter 4| Section and
Appendix[A]l In Chapter {4} we described the development of the dimensional
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model and a preliminary implementation of it in the [DPT]framework, and in
Chapter 5|and Appendix [A] domain experts evaluated its potential to support
personalization in[[DPT] As mentioned in Section[3.2] we adjusted the artifact
to fit this use case in the fourth iteration of the design process.

By conducting the semi-structured interview, we found that implementing
the dimensional modeling approach in for the purpose of supporting
adaptive treatment is worth further investigation. With some exceptions, the
feedback indicated that the overall organization of the dimensions was sensi-
ble, and that surveying the user with respect to different dimensions appears
to be a promising approach. In particular, the experts noted that relying solely
on psychometric test scores to assess the user does not provide sufficiently
nuanced data. Thus, they expressed their interest in assessing the user with
respect to other measurements, including answers to open questions, speech
recognition, and physiological data such as heart rate. However, further re-
search into identifying effective measurements for the various dimensions
must be conducted.

Moreover, the experts stressed the importance of good multidisciplinary
communication when developing systems, and that implementing the
dimensional modeling approach would be no exception. In previous experi-
ences with in studies, there had been miscommunication between clin-
icians and developers where poor labeling of user data led to difficulties in
data analysis. With clearer communication across the disciplines, this may
have been avoided. Building on this, the experts emphasized that ensuring
satisfactory data management in systems will likely be essential for im-
plementing the dimensional modeling approach successfully.

In conclusion, in order to implement the dimensional modeling approach
to support adaptive personalization, we must identify appropriate measure-
ments for the dimensions and test them, in addition to promoting strong mul-
tidisciplinary communication and proper data management.
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6.2 Research Contributions

Following the fourth guideline of design science by Hevner et al. (2004) (as
described in Section[3.1.1), our research should yield valuable contributions to
the area of the design artifact, namely [DPT] A summary of the contributions
yielded by the project follows.

Our goal was to create a dimensional model for[IDPT]|that serves as a foun-
dation for making reuse of treatment material and adaptation of| content
easier to implement in future interventions. In particular, we endeavored to
lay the groundwork for a solution that addresses the difficulties previously en-
countered by clinicians of [INTROMAT|when dealing with unstructured inter-
vention data. By involving domain experts with experience with in the
design and evaluation processes, we conclude that the artifact demonstrates
the application of dimensional modeling in a new area, thus applying exist-

ing methods in new ways. It also represents a hypothesis that remains to be
tested empirically in future work. Thus, the artifact itself constitutes our main
research contribution to the knowledge base. Additionally, we contribute the
data structure presented in Section4.2land implementation described in Sec-
tion as examples of how the concept presented in the artifact may be
transferred to systems in practice.

Some of the aspects of the model that were hypothesized to be specif-
ically useful in comparison to other solutions were uncovered during the
semi-structured interview with the domain experts. For instance, the experts
pointed to its capability to communicate the concept of hierarchical structures
to clinicians in a clear manner. They had been exposed to the concept pre-
sented in this thesis in previous meetings, but had trouble understanding its
potential before the interview. Moreover, they cited difficulties with multidis-
ciplinary communication as a pain point in previous projects, and suggested
that the ideas communicated in the model may aid in improving this in future
projects.

Furthermore, the structure of the model was theorized to be useful for ex-
amining the components of an intervention on different abstraction levels.
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According to the experts, it is common to declare an intervention either as
effective or not effective, without identifying the exact source of the effective-
ness. The separation of different components of in the model appears
to hold the potential for identifying exactly which aspects of an intervention
are effective. The experts stated that this may aid in making replication of
results easier in future studies on the subject.

The experts described the dimensional modeling approach to as
transdiagnostic. They suggested that this property implicates that the model
may be particularly suited for assessing heterogeneous patient groups, e.g.
patient groups who may experience a wide range of symptoms. People with
is one such group that is characterized by great diversity in clinical
profiles and symptom manifestation (Luo et al. 2019). Since the dimensional
modeling approach allows for annotation of content material with a variety of
symptoms and other personal characteristics, it may make it easier to create
personalized interventions aimed at heterogeneous patient groups, which is
known to be challenging (Nordby et al. 2021).

When asked about what user characteristics the experts judged to be espe-
cially important for tailoring [IDPT] content to users, this combination of per-
sonal difficulties and strengths was brought up, along with adherence, content
type preference and enjoyment of tasks. They also suggested that another
advantage with the structure of the model is that it not only leaves room for
conceptualizing a person’s difficulties (such as symptoms), but also personal
strengths — for instance, is associated with creativity (Boot et al.[2017).
Thus, the ideas presented in the artifact may lay the groundwork for the de-
velopment of better user profiling in in the future.

6.3 Reflections

6.3.1 Choosing Design Science and Qualitative Methods

We found design science to be a suitable research method for our project. It
provided a straightforward framework for conducting our research, in addi-
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tion to helpful guidelines for how to design, develop and evaluate an artifact
that represents our contributions to the problem domain.

In terms of the evaluation, we also found interviewing domain experts
of psychology was an appropriate method for evaluating the artifact, as our
project was centered around improving the workflow of clinicians working
with[IDPT] The interviews yielded useful information, both as answers to spe-
cific questions and other astute insights. However, it likely would have been
beneficial to evaluate our work using other methods as well, such as evaluating
the usability of our implemented work.

In retrospect, it would also have been advantageous to perform a more
structured interview with the first set of domain experts. With more struc-
ture, we may have gotten more concrete feedback for the use case focused
on reuse of treatment materials. Fortunately, we used this lesson to prepare a
semi-structured interview for the second set of domain experts, which yielded
a more concentrated evaluation of the dimensional modeling approach.

6.3.2 Revisiting the Design Process

The design process of this project was affected by a number of delays. For
instance, establishing contact with the domain experts in the initial stages of
the project to the extent that the ADHD case could be chosen took longer
than necessary. Additionally, a considerable amount of time passed between
requesting access to the MinADHD interaction data and receiving it. Unfor-
tunately, this led to loss of time that could have been utilized to improve the
artifact and the IDPT framework extension. Aside from the suboptimal time
utilization, the iterative format of the design process aligned well with the
project.

As with the final evaluation, having access to input from domain experts at
multiple points throughout the project was valuable for guiding the develop-
ment process.
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6.3.3 Reflecting on the IDPT Framework Extension

As mentioned in Section we were unable to review the data manage-
ment methods in existing solutions, as the solutions we encountered were
not open-source. Our experience with contributing to an open-source frame-
work was therefore positive, as we envision that making implementation de-
tails publicly available facilitates research further into this field. Additionally,
the open-source nature of the framework facilitates reuse of our work
in future implementations.

Over the course of the project, we did not encounter any cases of tax-
onomies that could not be modeled as a tree. Thus, following MongoDB'’s
parent references pattern instead of keeping a list of parents would likely have
reduced the complexity of the feature slightly. This means that we also could
have implemented cycle prevention. However, we do not wish to rule out the
possibility that future testing may uncover examples of taxonomies that can
be modeled as a graph or a cycle.

For the purposes of readability, we have used intuitive names and mea-
surements in our taxonomy examples. However, in future implementations,
we propose using existing ontologies where applicable, such as and
ISNOMED-CT]| for representing diagnoses in order to promote interoperabil-
ity and standardization.

Largely due to the delays mentioned in Section [6.3.2, we were unable to
implement all of the features we envisioned in the [DPT] framework. These

features are mentioned in Section

6.4 Project Limitations

The execution of this project was limited by multiple factors.

Firstly, after reviewing literature on[IDPT|applications, we found that it was
very uncommon for these systems to have an overview of their architecture
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or source code publicly available. This meant that it was difficult for us to
perform a thorough comparison of our work to existing solutions. Our main
source of information on how certain solutions operated under the surface
was the domain experts we interviewed. Ideally, we would have liked to gain
direct access to the architecture of multiple existing systems in order to learn
about their solutions, their strengths and their shortcomings, which in turn

could have been put to good use when developing our own solution in the
IDPT] framework.

Furthermore, time constraints limited the scope of our implementation
work in the framework. This resulted in fewer features implemented
than what we had planned initially. In particular, we would have preferred to
extend our taxonomy implementation to include measurements as expressed
in our general representation in Section to experiment with the data
structure, and to have this version evaluated by domain experts. Additionally,
we would have liked to implement the visualization of taxonomies, and to
have this feature evaluated as well.

Finally, only a small number of domain experts were available to be in-
terviewed during the project. In order to get an in-depth idea of how to best
adapt the hierarchical structures to help the clinicians, it would be beneficial
to interview a larger number of potential users in the future.
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Chapter 7
Conclusion

Through this thesis, we have investigated the application of dimensional mod-
eling in the domain of Our work represents a starting point for future
research into how this approach may be applied further to interventions for
mental health.

71 Summary

Using design science as our chosen research method, we have developed a
dimensional model representing the various components of as our pri-
mary artifact. The development of this model was guided by feedback given
by multiple domain experts of psychology. We have focused on two particu-
lar use cases, namely (1) reuse of treatment content and (2) adapting treatment
to user needs. In addition to the model, we have experimented with the de-
velopment of a data structure that can represent this model’s structure, and
implemented this partially in an existing web framework for

Through an iterative design and development process, and qualitative eval-
uations of our work, we conclude that it represents an adequate starting point
for future research within the area of [DPT1
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In retrospect, aspects of the project would have benefited from doing things
differently. For instance, it would have been advantageous to the project to
perform a more thorough evaluation. With fewer time constraints, we would
have preferred to perform semi-structured interviews with more domain ex-
perts in order to obtain more data, particularly about the use case centered
around reuse. Additionally, the project likely would have benefited from hav-
ing more time dedicated to adding measurements to the taxonomies in the

IDPTl framework.

7.2 Future Work

Further research remains to be conducted to fully investigate the potential of
this dimensional modeling approach in the context of [DPT]

One issue that needs further examination is measurements. Firstly, in or-
der to assign measurements to the various dimensions in our model for user
profiling purposes, we need to identify which measurements are suitable for
each of the dimensions. In particular, for the purpose of improving user
adherence, we are interested in identifying a mechanism for measuring the
user’s engagement and motivation, so that we can optimize the treatment con-
tent based on these metrics. Furthermore, we suggest adding measurements
to the taxonomies in the[DPT|framework, and taking these into account when
performing user profiling in the future. This implementation could be used in
further research to study whether these measurements have a positive effect
on user adherence.

Another feature that we suggest adding to the framework in the fu-
ture is a tree- or graph-based visualization for taxonomies. The intention be-
hind this idea is to create an intuitive mechanism for navigating the hierarchy
of taxonomies visually instead of relying on information about each taxon-
omy’s parents to infer the structure of the hierarchy.
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Finally, in our semi-structured interview, the domain experts expressed
that while the dimensional modeling approach is promising, it remains a hy-
pothesis at this stage. Extensive empirical testing is needed before we can fully
conclude regarding its usefulness.
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List of Acronyms and Abbreviations

AAQoL
ADHD
API
ASRS
CBT
CRUD
GMT
ICD

ICD-10

IDPT
INTROMAT
MINI

PHQ-9
SMART
SNOMED-CT
SUS

Ul

Adult ADHD Quality of Life Questionnaire.

Attention Deficit Hyperactivity Disorder.

Application Programming Interface.

Adult ADHD Self Report Scale.

Cognitive Behavioral Therapy.

Create, Read, Update, and Delete.

Goal Management Training.

International Statistical Classification of Diseases and Related Health Prob-
lems.

International Statistical Classification of Diseases and Related Health Prob-
lems 10th Revision.

Internet-Delivered Psychological Treatments.

INTROducing Mental health through Adaptive Technology.
Mini-International Neuropsychiatric Interview.

Patient Health Questionnaire-9.

Sequential Multiple Assignment Randomized Trials.

Systematized Nomenclature of Medicine — Clinical Terms.

System Usability Scale.

User Interface.
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Appendix A

Answers to the Semi-Structured Interview

Below follow the answers to questions asked to domain experts in the semi-
structured interview described in Section

QIl: What are your experiences with Internet-delivered psychological treat-
ments?

Domain expert 1

¢ Clinical neuropsychologist with experience with the investigation of
different patient groups.

« Domain expert for INTROMAT’s case.
» Experience with studies for

Domain expert 2

» Psychologist with experience with intervention studies with[INTRO-
MAT], including studies for

» Most of the prior experience has been with Internet-based interven-
tions.
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Q2: What types of measurement methods have you typically utilized when
assessing the users in an intervention?

The primary measurement method is assessing symptoms using psycho-
metric questionnaires.

Online self-reporting of self-compassion, cognitive difficulties (e.g. emo-
tional regulation).

One disadvantage with self-reports is that they can be biased.

In studies with physical meetings with participants, cognitive tests have
been used. These are difficult to use in fully Internet-based studies.

Simplified diagnostic assessments of study participants have been con-
ducted by telephone. A diagnostic test called [Mini-International Neu-|
ropsychiatric Interview (MINI) has been used to assess whether a poten-
tial participant had to be excluded from the study due to psychological
problems beyond the scope of the study. This data was not used in the
study beyond checking exclusion criteria.

Q3: What types of measurement methods have you typically utilized when
assessing aspects of the intervention itself?

Self-reported user evaluation of the intervention’s usability using[System|
\Usability Scale (SUS).

Post-study interviews with users who were asked what they liked or did
not like about the intervention.

Qualitative feedback in focus groups.
Qualitative usability testing of the interventions.

The participants answer open questions about the intervention in writ-
ing, such as what they liked about the intervention, what can be im-
proved, and what aspects of the intervention were the most or the least
useful for them.

98



Q4: If you were to make adjustments to an intervention to improve the treat-
ment it offers, which parameters would you ideally consider?

 Testing the intervention and consulting with people with ADHD. Design-
ing an intervention is a long process, and many changes are made along
the way. Changes to the interventions are made based on the feedback.

» A previous small study on adaptive assignment of exercises has been con-
ducted. However, no significant effect was observed. Adaptive assign-
ment of exercises is still an interesting avenue that should be explored
more in the future.

Qb5: Are there any measurements that would be particularly useful for clin-
icians who want to improve the effectiveness of an intervention that are not
usually available?

» More types of measurements are needed so that the data gathered on the
users is nuanced.

* Only using psychometric tests such as do not provide enough suf-
ficiently nuanced information about the users.

* Some measurements that may add more nuance are answers to open
questions, speech recognition, and physiological data (e.g. heart rate).

» However, more types of data increase the complexity of the analysis pro-
cess.

» Substudies must be conducted for each of the measurement types, es-
pecially the physiological measurements, in order to understand their
effect on interventions.

Q6: Have you experienced limitations due to the way data is presented to
clinicians in the intervention application? If so, how has this affected the
analysis work?

» Proper representation and management of intervention data is very im-
portant for the analysis process.
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 In previous projects, data management has not been good enough.

— The psychometric questionnaire data has been fairly easy to handle,
as this generally is well labeled, and the numeric values are easy to
interpret.

— Interaction data has not been managed in a good way. They have
not been labeled in a good way, which makes searching, sorting and
organizing the data very difficult.

— For example, treatment modules were labeled by week number. This
was not reflected in the interaction data related to the modules,
which made organizing the interaction data by module challenging.
As different users completed tasks in the same time periods, the over-
lap between the timestamps in data made analysis unnecessarily dif-
ficult.

— It has also been difficult to get an overview of the interaction data
because there are so many entries. For instance, each user login was
registered, meaning there were a large number of login data entries.
The same could be said for whether or not a user had been sent a
reminder to use the intervention.

— In some cases, the format of the interaction data makes it untrust-
worthy. For example, the system would mark a module as finished
by a user if they had clicked through every element. However, this
says little about whether the users have actually internalized the con-
tents.

» Ensuring proper data management would be a central issue when using
the dimensional modeling approach.

Q7 (follow-up question to Q6): What does good data management entail for
interventions?

» The data should be aggregated in one platform and organized into tables.
Searching these tables should be easy. Manual organization and grouping
of data should be minimized.
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e Clear communication between clinicians and the designers of the plat-
forms is important to achieve this.

Q8: Is there anything in the data that you as clinicians would like to be able
to search for in intervention data that may be difficult in the applications
you have used?

» Searching by labels should be easier, especially for data entries that in-
clude timestamps.

 In general, searching by timestamp should be easier.

Q9: What are your thoughts on the dimensional modeling approach to
grouping intervention data, with respect to how useful it may be for clin-
icians in your positions?

* The model is organized tidily, and may be particularly useful when using

SMART]designs.

* It appears to be important, although we are unaccustomed to organizing
complex, heterogeneous data into boxes and arrows.

* It appears to be a good starting point, though the contents will ultimately
determine its usefulness.

* The examples cases were good.

Q10: Is there anything you would like to change about the dimensional
model?

* Emotional regulation should be removed from symptoms.
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Ql1: How do you think this dimensional modeling approach would aug-
ment clinicians’ workflow, if at all?

¢ Clinicians would get more accustomed to this way of thinking if they
were exposed to it.

» Multidisciplinary work related to interventions would be improved.

* Normally, an intervention as a whole is identified as effective or not effec-
tive. Models such as this may be helpful for identifying which parts of an
intervention are effective. It is possible that this division of intervention
components would make replication of study results easier.

QI12: What are your thoughts on whether this dimensional modeling ap-
proach would be helpful in understanding patterns in how different patients
interact with the intervention contents?

* The model is a good starting point, but it is a hypothesis that must be
tested empirically. Testing small parts of the model at a time could be
useful. This would be a long empirical process, however.

Q13: Do you see any use cases where this approach would be particularly
helpful for clinicians?

* It appears to be especially useful for heterogeneous users groups, such as
people with ADHD. They often differ greatly from day to day, meaning
observing patterns over greater time periods is important.

* The model may be useful for assessing users’ positive traits. For exam-
ple, people with ADHD tend to have certain personal strengths, such as
creativity or high energy.

» The approach may be less useful for less heterogeneous groups, such as
people with anxiety.

* The model appears to be transdiagnostic.
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Ql4: What parts of a user profile are the most relevant for adaptively sug-
gesting content to a user, in your opinion?

A combination of difficulties (e.g. symptoms) and resources (e.g. personal
strengths).

Adherence. It is important to know whether some users tend to finish
modules quickly, or not at all.

Which types of tasks the users prefer.

The degree to which users enjoy certain tasks.
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