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Abstract

Mental health disorders are a significant problem throughout the western world.
Cognitive Behavioral Therapy (CBT) is a common treatment form for these
disorders. Internet-based Cognitive Behavioral Therapy (iICBT) provides higher
efficiency than face-to-face CBT, without reducing the efficacy of the treatment.
While iCBT has been shown to work well on a small scale, the amount of data
each therapist need to consider, grows rapidly with the number of patients.
This thesis examines the data used for iCBT, and presents possible solutions for
gaining overview of this data through visual analytics and dashboard techniques.

We designed and developed an artifact through the design science method-
ology, in order to implement these techniques. The main evaluation of the
artifact consisted of semi-structured interviews with experts in psychology and
psychiatry. We present methods for automatic processing of standardized men-
tal health screening questionnaires, as well as a novel way of visualizing these
questionnaires over time. We also discuss the scalability of a dashboard appli-
cation using the HL7 FHIR standard for representing screening questionnaires
and numerical observational data. Finally, we present identified problems and
further work on structuring data for analytics in iCBT.
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Sammendrag
(this is a Norwegian translation of the abstract)

Psykiske lidelser er et betydelig problem i den vestlige verden. Kognitiv
Atferdsterapi (CBT) er en vanlig behandlingsform for denne typen lidelser.
Internett-basert Kognitiv Atferdsterapi (iCBT) gir gkt effektivitet sammen-
lignet med ansikt-til-ansikt CBT, uten a redusere effekten av behandlingen.
Selv om iCBT virker bra pa liten skala, vokser mengden data hver terapeut
trenger a forholde seg til, raskt med tanke pa antall pasienter. Denne oppgaven
undersgker data som blir brukt i iCBT, og presenterer mulige lgsninger for a fa
oversikt over disse gjennom visuell analyse og dashbord-teknikker.

Vi designet og utviklet en artefakt ved hjelp av design science metodikken,
for a implementere disse teknikkene. Hovedevalueringen av artefakten besto
av semi-strukturerte intervjuer med eksperter i psykologi og psykiatri. Vi pre-
senterer metoder for automatisk prosessering av standardiserte spgrreskjema, i
tillegg til en ny mate a visualisere disse spgrreskjemaene over tid. Vi drgfter
ogsa skalerbarheten av en dashbord applikasjon som bruker HL.7 FHIR standar-
den for a representere spgrreskjemaer og numeriske observasjonsdata. Til slutt
presenterer vi de identifiserte problemene og videre arbeid for strukturering av
data for analyse i iCBT.
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1 Introduction

1.1 Motivation

The problem of mental health disorders have gained focus over recent decades
[1]. Mental health disorders affect more than a third of the European population,
as of estimates from 2010 [2], and it is expected that more than 50% of the
population in middle and high income countries will suffer from at least one
mental disorder at some time throughout their lives [3]. A Swedish study from
2019 shows increasing rates of mental health disorders in youth, with 41% of girls
and 30% of boys having psychosomatic problems, and argues for a need to start
suitable treatment as fast as possible after diagnosis [4]. Furthermore, mental
health disorders has been calculated to account for 13% of global disability-
adjusted life-years (DALYs) [5].

Amongst the consequences of mental health disorders, in addition to the ef-
fects on the patient’s quality of life, are major economic costs for the society.
Accounting for both direct healthcare costs, and indirect costs such as produc-
tivity loss, mental health disorders are estimated to account for higher economic
costs for the society than chronic somatic diseases, such as cancer or diabetes
[3].

The most frequent mental health disorders in Europe in 2010 were anxiety,
insomnia, depression and somatoform disorder [2]. Cognitive Behavioral Ther-
apy (CBT) is a well documented treatment form used to treat patients with any
of these disorders [6][7][8].

While CBT has shown positive effects on patient outcome [9], each therapist
does only have the capacity to treat a handful of patient each day with this
method. There is a ”treatment gap” for mental health disorders, partially due
to lack of accessible treatment options [10]. Internet-based Cognitive Behavioral
Therapy (iCBT) has emerged in an effort to make CBT more accessible and
efficient. Therapist guided iCBT has shown the same efficacy as regular CBT
for some patient groups [11], while reducing the time required per patient for
the therapist. An evaluation of the treatment given at eMeistring in Bergen,
Norway suggest therapists working with iCBT can help 10-12 patients per day,
while therapists providing face-to-face CBT had 3-4 consultations per day [12].

While iCBT has provided promising results so far, there is still room for
improvements. The treatment relies on an Internet-based platform, both for
patient-therapist communication and for delivery of the treatment programmes.
The use of this platform provides potential for data analytics to support the
therapists in their work, an approach which to our knowledge has not been
applied for iCBT treatments yet.

Better presentations of the data can improve therapist workflow by removing
the need to manually consider each data point. Providing automatic processing
of complex data sets can further optimize therapists performance. By gaining a
better representation of the patient state through the available data, therapist



can tailor the treatment better towards the single patient. Therapists can also
be better equipped to prioritize within their group of patients. Combined, this
can lead to both higher efficiency and efficacy of therapist guided iCBT.

This situation presents an opportunity to improve the treatment by applying
data visualization and Clinical Decision Support (CDS) tools. These techniques
can provide insight both within the context of a single patient, and a their group
of patients. Therapists can identify trends in the data for a single patient, which
can provide opportunities to customize the treatment to the patient. For a group
of patients, a fast overview based on the data can provide faster help, and more
of the therapist’s time, to the patients needing it the most. This resembles
the medical technique of triage, where treatment providers assign each patient
degrees of urgency depending on their need for care [13], although on a different
time scale. A better overview of a group of patients with summary or status
variables presented to express the need of each individual patient might also
contribute to help the therapist organize her work day in a better way.

1.2 Research Questions

The overall research question of this thesis is how to design and implement an
artifact to deliver visual analytics and decision support for therapists in iCBT.
Specifically, we will explore the following research questions:

RQ 1 What data representation of mental health data in iCBT can facilitate
analytics?

RQ 2 Using the data representation from RQ1, how can the data be visualized
for therapists to gain actionable insights into the state of a single patient
or a population of patients?

RQ 3 How can decision support functionality be implemented to assist thera-
pists in understanding each patients required urgency of treatment in a
population of patients, based on the data from RQ17?

RQ 4 How will a dashboard implementing the techniques from RQ2 and RQ3
scale when using the HL7 FHIR format for medical interoperability?

1.3 Research Methods

As this thesis aims to solve particular problems of practical iCBT, we chose
the design science methodology. Other research methods could also be applied
for this problem, such as the action research methodology or a mixed methods
approach. We found the process of design science, as outlined below, most
applicable to our situation. The process of designing an artifact to solve a
real problem is the core of the research methodology. With the goal of scaling
the iCBT treatment with respect to mental health data handling, a prototype
application has been designed.



1.3.1 Design Science

The Design Science Research Methodology for Information Systems Research,
as described by Peffer et. al. [14], prescribes six steps to take when applying
this methodology. These steps include creating an artifact to solve a relevant
problem in practice. The six activities are defined as:

Problem identification and motivation
Define the objectives for a solution
Design and development

Demonstration

Evaluation

S

Communication

Motivation is described in the first section, following the problem relevance
guideline defined by Hevner et. al. [15]. This guideline states that ”the objective
of design-science research is to develop technology-based solutions to important
and relevant business problems”. Section 1.1 discussed the importance and
relevance of the problems in iCBT. The following two sections will describe the
problem identification process, and the objectives for the design science solution.
The design and development of the artifact is presented in chapters 3 and 4. The
demonstration and evaluation activities are presented in chapter 5. To a large
degree this thesis represents the communication activity, which is elaborated
further in section 6.5. Also, we plan to summarize the results of this work in a
paper intended for scientific publication.

1.3.2 Problem identification

To explore the idea of using data analytics in iCBT, we initially had a meeting
at the eMeistring [16] clinic in Bergen. In this meeting, technical challenges were
identified as possible points of improvement in the delivery of the current iCBT
treatment program, eMeistring (eCoping in english). Some of these challenges
are also described by Folker et. al. [12] in their analysis of iCBT treatments
in Europe. The problems with the platform are identified as major issues for
therapists and patients. The platform does not allow for interactive content,
and making changes to the platform is slow and difficult.

The initial meeting at the eMeistring clinic consisted of an unstructured con-
versation with the therapists involved in iCBT. A lack of tools for visualizing
and presenting patient data in their current systems was a highlighted point
from this meeting. Our initial plan was to work with these therapists through-
out the design and development process. Unfortunately this was not possible
due to a lack of human resources at the eMeistring clinic.

1.3.3 Objectives for a solution

To solve the problems identified in section 1.3.2 we formed objectives for an ar-
tifact. During this process, we performed a literature survey to identify possible
similar systems. Through searching the scientific literature databases Google



Scholar and Medline, no clinical dashboard applications for use in iCBT, nor
Internet-based therapy in general, were discovered. To identify potential meth-
ods for solving the problems identified at the eMeistring clinic, we performed
literature surveys on the use of dashboards and visualizations in other medi-
cal domains. We also considered the use of visual analytics and dashboards in
general. Some relevant projects are presented in section 2.5.

As the identified problems in iCBT can be condensed to a need for better
utilizing the electronically available data, some objectives for implementing the
artifact can be created based on this. Through better utilization of the data, the
therapists can make more informed decisions. This can in turn provide higher
quality of care or increase the availability of care, through potentially more
efficient therapists. As the actual patient data used in health IT applications
are sensitive, it can be both complicated and unpractical to test a prototype on
real patient data. However, given descriptions of the data used, some objectives
can be described and tested based on generated data. As the data is generated,
fitting the data to a standard for interoperability ensures the application can
accept real data as input. The process of developing a solution should:

1. be based on standardized formats for representing patient data to enable
further development of the application, and testing on real patient data.

2. identify ways to present the data to enhance the users workflow and give
actionable insights.

3. provide solutions for identifying how patients undergoing iCBT are pro-
gressing.

4. scale the iCBT treatment to enable more patients per therapist, with
respect to analysis of mental health data.

To solve these objectives, we chose an application with dashboard function-
alities for the implementation of the artifact. As a full implementation of a
clinical dashboard is a massive undertaking, the scope of the implementation
was constrained to some of the functionalities for such a system. The scope of
the artifact development was constrained in the following ways:

e The application supports a subset of the potentially useful data types in
iCBT. Currently, therapists in iCBT make use of significant amounts of
unstructured data, as described in section 2.2.1. As one of the goals for
the artifact is to conform to a standard for medical data interoperability,
the application supports data conforming to certain HL7 FHIR resources.
Specifically, we focused on questionnaires and quantitative observations
as the data types for the artifact. These data types were determined
to provide the most value within the scope of the project. The FHIR
resources are described further in section 2.4.

e The artifact does not address any security issues. For an actual clinical
application, securing the patient data would be of uttermost importance.
As there were multiple other aspects of the artifact which are more im-
portant for answering the research questions, these were prioritized. The
artifact was developed with security in mind for future development, and
considerations with respect to this is described in section 4.7.



The artifact was primarily designed towards Internet-based treatment of
depression. As such, the data types used for the therapist guided iCBT
treatment of depression at eMeistring set the baseline for the development.
The use of standardized screening questionnaires are used heavily here, as
seen in table 2.1.

1.3.4 Ethical declaration

As no real patient data was used for building the artifact in this thesis, an
ethics approval was not necessary. For the semi-structured interviews, both
interviewees verbally consented to being interviewed on video.

1.4

Thesis Structure

An outline of the thesis is presented here. The most important topics of each
chapter are presented briefly.

Chapter one presented the problem identification and motivation for the
thesis, as well as the objectives for a solution.

Chapter two contains theoretical background information and related
work. Cognitive Behavioural Therapy (CBT) and Internet-based CBT
(iCBT) are described. Further, dashboards and visual analytics are pre-
sented. Next, the HL7 FHIR standard is described. Finally, related work
and systems with similar capabilities are discussed.

Chapter three presents the artifact design process and the final artifact
design. The design process and considerations relating to the design of
the GUI is presented. The final GUI is also explained.

Chapter four presents a detailed description of the implementation of the
artifact. Tools used to develop the artifact is presented, and the system
architecture is described. The generation of FHIR resources follows. The
implementation of status variables and decision support is then presented.
Lastly, scalability and security of the artifact is discussed.

Chapter five presents the demonstration and evaluation activities of the
design science research. The chapter first presents semi-structured inter-
views with experts in psychology and psychiatry to evaluate the artifact.
Following this, empirical measurement of run time is presented. Lastly,
we evaluate the artifact towards dashboard design guidelines from the
literature.

Chapter six presents the research findings, and provides a discussion
about the design science research process. Contributions to the knowl-
edge base and the problem domain is presented here. The validity of the
research is then discussed, followed by a reflection over the tools used in
the artifact, and the communication activity of design science.

Chapter seven concludes the thesis and presents further work.






2 Background

This chapter will give an introduction towards patient data, and the use of such
data in CBT and iCBT, along with techniques and practices relevant for solving
the design science objectives. The first two sections provide a description of CBT
and iCBT. A brief introduction to dashboards and visualization theory follows.
The HL7 FHIR standard for medical interoperability is then presented, as the
data types in this standard are central for the artifact in the thesis. Finally,
related work is presented, consisting of systems from other medical domains
used to analyze and visualize patient data.

2.1 Cognitive Behavioral Therapy (CBT)

Cognitive Behavioural Therapy is a form of psychotherapy applicable to a wide
range of mental health problems, including depression, anxiety and substance
abuse [17]. In CBT, a therapist works with her patients suffering from mental
diseases, to improve their thinking- and behavioural patterns [18]. In many
modern CBT programmes the patients will fill questionnaires in order to track
their progress over the course of the treatment. The questionnaires used in
practice are clinically validated and demonstrates psychometric properties [19].
In other words, the questionnaires can be used to accurately determine the
patients state, and progress over time. Some examples of questionnaires used
for CBT are MADRS [20], PHQ-9 [21] and BAI [22]. These questionnaires are
used in different sub-disciplines within mental health therapy. MADRS and
PHQ-9 are examples of questionnaires to screen for depression, whereas BAI
is used to screen for anxiety. Figure 2.1 shows questions three and four of the
MADRS questionnaire.

2.2 Internet-based Cognitive Behavioral Therapy (iCBT)

Internet-based CBT (iCBT) can take the form of guided or unguided self-help
programs [24]. In guided self-help programs, a therapist will guide the patient
through the treatment. This guidance consists of electronic asynchronous com-
munication such as email or messages through a patient portal. Some treatment
programs offer mixed CBT and iCBT, referred to as blended care [25]. These
programs consists of iCBT supported by face-to-face consultations, as opposed
to only electronic communication. Unguided self-help programs are fully auto-
mated and involves no contact between patient and therapist.

There is some disagreement about whether guided self-help programs provide
higher efficacy. Studies on depression [24], perfectionism [26], and binge eating
disorder [27] has indicated that guided self-help programs can provide a better
reduction in symptoms compared to unguided therapy programmes. For stud-
ies in pain management [28] and social phobia [29], no differences were found
between patient groups with guided- and unguided self-help. Guided self-help
provides additional opportunities with regards to adapting the treatment to the
patient. For this form of iCBT, there is a potential for using technology and
data analytics to improve the treatment. Because of this, guided self-help will
be the iCBT format addressed in this thesis.



3. Inner tension

Representing feelings of ill-defined discomfort, edginess, inner turmoil, mental tension mounting to
either panic, dread or anguish. Rate according to intensity, frequency, duration and the extent of
reassurance called for.

0 = Placid. Only fleeting inner tension. O

2 = Occasional feelings of edginess and ill-defined discomfort. N

4 = Continuous feelings of inner tension or intermittent panic which the patient can only master | []
with some difficulty.

6 = Unrelenting dread or anguish. Overwhelming panic. [l

4. Reduced sleep
Representing the experience of reduced duration or depth of sleep compared to the subject's own
normal pattern when well.

0 = Sleeps as normal. OJ
2 = Slight difficulty dropping off to sleep or slightly reduced, light or fitful sleep. O
4 = Moderate stiffness and resistance OJ
6 = Sleep reduced or broken by at least 2 hours. O

Figure 2.1: Excerpt of the MADRS questionnaire [23]

A main focus in iCBT is for patient to perform exercises and activities or-
ganized through modules, where each module has it’s focus on some particular
topic. These modules are represented one by one as homework assignments for
the patients [30]. We can consider the modules offered in the depression treat-
ment at eMeistring as examples of this. The treatment is intended to span over
14 weeks through eight treatment modules [31]. The various modules addresses
the following topics:

Module 1: Introduction and information about CBT.

Module 2: Planning activities. Here, patients are taught to think of activities
as ”plus-activities” and ”minus-activities”.

Module 3: Achieving balance in the day. This module focuses on increasing the
amount of plus-activities.

Module 4: Reducing the amount of minus-activities.
Module 5: Discovering negative thoughts.
Module 6: Finding strategies for dealing with the negative thoughts.



Module 7: Sleep, and handling sleep problems.

Module 8: Planning the future. This module recaps the previous modules.

Each of the first six modules last one week. Module seven spans five weeks,
and module eight concludes the treatment program. As seen in table 2.1, the
patients fill in the MADRS questionnaire every week. Additional questionnaires
are also filled, depending on which treatment program the patient is in. Table 2.1
contains the full description on which questionnaires the patients in eMeistring
are given. All the questionnaires except for ” Background” and ” Evaluation” are
mental health screening questionnaires. Questionnaires in Norwegian are used
for these treatment programmes.

Amongst the differences between iCBT and CBT is the asynchronous com-
munication introduced in iCBT. In CBT, the patient and therapist meet phys-
ically to talk about the patients problems, while in iCBT the therapist will
provide feedback on the patients exercises when available to do so. Typically
in eMeistring, a patient will receive feedback from his therapist once or twice a
week [32].

The nature of the asynchronous patient-therapist communication opens up
for new therapist workflow options. Data analytics and visualizations has the
potential to enable therapists to choose their workflow based on available in-
formation, as opposed to having a strictly synchronous workflow. Determining
workflow based on prioritization, rather than a predetermined sequence, has
successfully been applied in other medical domains [33]. Through aggregation
and prioritization of the information presented for clinical consideration, eligible
individuals can be identified within a population to better meet their needs [34].

The standardized questionnaires used in CBT are central for monitoring pa-
tient progress in iCBT. For the questionnaires MADRS and BDI, the psycho-
metric properties of the questionnaires are not affected by medium (internet/-
paper) [35]. This implies that the questionnaires are equally effective for CBT
and iCBT. Therapists will not have direct contact with their patients when pro-
viding guidance. This increases the importance of monitoring patient progress
through the data reported in these questionnaires.

2.2.1 Data in iCBT

In eMeistring, therapists will usually start their work session by looking through
data for each of their patients (see question 10 of the interview in Appendix
A). Therapists will consider one patient at a time. The current platform also
provides limited overview within the single patient. Questionnaires describing
the current state of the patients are available to the therapists through a pdf
file [31], or as a bar chart over the single questionnaire. For therapists to get an
overview of a patient’s progress, they will need to compare multiple files/views
for any patient. Therapists will also need to rely on memory in order to gain
an overview, resulting in significant cognitive load.



Time in pro- | Day Social Anxiety | Panic Disorder | Depression
gramme
PRE-module | PRE MADRS-S MADRS-S MADRS-S
SPS BSQ GAD
SIAS ASQ PHQ
SE-Scale MI IS
TIC-P SE-Scale SE-Scale
Background TIC-P Background
Background
Module 1 Started MADRS-S MADRS-S MADRS-S
treatment
(0)
C-Scale C-Scale C-Scale
Module 2 Day 7 MADRS-S MADRS-S MADRS-S
SPS BSQ
Day 14 MADRS-S MADRS-S MADRS-S
SPS BSQ
Module 3 Day 21 MADRS-S MADRS-S MADRS-S
SPS BSQ
SIAS ACQ
MI
Module 4 Day 28 MADRS-S MADRS-S MADRS-S
SPS BSQ
Module 5 Day 35 MADRS-S MADRS-S MADRS-S
SPS BSQ
Module 6 Day 42 MADRS-S MADRS-S MADRS-S
SPS BSQ
STAS ACQ
MI
Module 7 Day MADRS-S MADRS-S MADRS-S
49/56/63/
70/77/84
SPS BSQ
Module 8 POST MADRS-S
GAD
PHQ
IS
TIC-P
Evaluation
Module 9 MADRS-S MADRS-S
SPS BSQ
SIAS ACQ
TIC-P MI
Evaluation TIC-P

Evaluation

Table 2.1: All questionnaires given to patients in iCBT treatments at eMeistring
(from eMeistring internal documentation, October 2017)




For patients completing iCBT treatment programs, each patient will produce
over 20 filled questionnaires (see table 2.1). With multiple patients per ther-
apist, the amount of data will quickly become hard to process in pdf format.
Therapists working with iCBT one day a week at eMeistring will have 15-20
patients, and therapists working full time in iCBT will have 50-60 patients.
Without further processing of the data, most of this data will only be used for a
short period after it has been gathered. Getting an overview across all patients
will also be difficult when the questionnaires have to be processed manually.

While important, the standardized screening questionnaires are not the only
data types considered in iCBT. Patients in eMeistring will have an initial face-
to-face consultation before they commence the iCBT treatment program. This
initial consultation is used, among other things, for diagnosing the patient and
assigning an appropriate treatment program. During the consultation, thera-
pists will gain multiple qualitative observations. Examples of such observations
are patients talking slow, moving slow, or having cognitive impairments. These
data types are not easy to process and visualize, and often also hard to record
in a structured format.

One of the main sources of information generated by the patients is the ex-
ercises in the treatment modules. The answers/results of these exercises are
integral to the treatment process, and are communicated to the therapists. As
the exercises are not standardized and often based on free text, this data is cur-
rently difficult to process. Even though the exercises are important for iCBT,
because of the unstructured nature they are not considered for the artifact in
this thesis. Structuring and utilizing this data better could be an important
and interesting topic for further research.

Other quantitative measurements than the standardized screening question-
naires can also be used in iCBT. Examples of potentially useful data sources
are JIoT data streams and application monitoring. Most of the data from these
sources can be visualized as single dimension time series, for example by line
charts.

An IoT data stream consists of high velocity data from a physical sensor.
Smart watches or smart phones used for monitoring vital signs are common
sources for these data streams. The raw data from the sensors can often be
converted to new information. A continuous measurement of pulse could for
example be converted into estimates for how many hours a person slept during
the night. Converting the data this way also make the data easier to store in
health records, as the aggregated data will have significantly lower velocity.

Data from sensors can be used in addition to the self-reported values by the
patients. The values reported by patients might be inaccurate for a number of
reasons. Possible error sources includes the patient forgetting to report within
the expected timespan, making inaccurate estimates, or purposely not answering
correctly. Data from sensors are subject to measurement error, but will generally
produce reliable results. Sensor data can also give answers the patients would
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not be able to answer. Sensors can for example be used to track the duration
of REM (Rapid Eye Movement) sleep a patient received during a night.

Application monitoring will provide data on how a computer system is used
in practice. Logging the actions of patients can provide information such as
when a patient last logged in, frequency of logins, or amount of time spent on
certain activities. In the context of iCBT, this information can be used to track
adherence to the treatment program, as program adherence can be linked to
patient outcome [24]. Tracking adherence to the program can provide actionable
information, both on a patient- and population level for the treatment program.

To summarize: In the current iCBT treatment at eMeistring, therapists have
to manually consider all the data for a patient. Relevant data types includes
standardized screening questionnaires, qualitative observations, patient exer-
cises and application monitoring. IoT data streams can also be used if the
necessary hardware is available. The qualitative observations are not recorded
in a structured manner, and the patient exercises are free-text based. As these
data types are hard to process and visualize, the questionnaires and other quan-
titative temporal data are considered in this thesis.

2.3 Dashboards and Visual Analytics

Thomas and Cook defines visual analytics as the science of analytical reasoning
supported by interactive visual interfaces [36]. Keim et. al. [37] further defines
visual analytics to combine ”automated analysis techniques with interactive
visualizations for an effective understanding, reasoning and decision making on
the basis of very large and complex data sets”. While visual analytics includes
visualization, it also considers the disciplines of decision-making, human factors
and data analysis.

By leveraging multiple disciplines, visual analytics aims to reduce the effect
of information overload, and achieve higher utilization of large data sets. Pro-
cedures to automatically process data can be implemented, and when further
automatic analysis is intractable the result can be integrated with visualization
and interaction techniques [37]. The techniques of visual analytics be combined
with dashboard techniques to create tools for continuous data processing and
visualization.

A dashboard application can be defined as a decision support tool capable
of using multiple databases and providing visual representations of important
performance indicators in a single report, often visually similar in format to a
car’s dashboard [38]. Dashboard applications can be further categorized into sub
categories. Among these are: Clinical dashboards, performance dashboards [39],
and administrative dashboards [40]. For this thesis, the main focus will be on
clinical dashboards. Techniques for designing the user interface and visualizing
data, however, are applicable across the dashboard sub categories.

The use of dashboards originated in business domains [41]. Examples of these
domains are airlines [42], digital manufacturing [42], and automotive industries
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[43]. Dashboard techniques for data processing and visualization have also been
proven valuable within health domains. Common places to see dashboards in
healthcare are within the Intensive Care Unit (ICU) and for administrative
tasks. Clinical dashboards show increasing efficiency, quality, safety and clini-
cian satisfaction in some situations [44]. The visualizations used in ICUs focus
on providing fast and accurate information to medical staff, with the goal of
reducing cognitive load and provide better care. Administrative dashboards are
often used on a population of patients, for example to visualize patient flow
in a hospital [45]. In both of these cases, dashboard applications process and
presents data that might have too high velocity or volume for a single person
to interpret.

A wide range of visualization techniques are used to create clinical dashboards.
Simple charts are strong default choices, as most users are used to these visual-
izations from previous experience. The users will require less time to get used
to the visualization method, and can rapidly understand the information in the
data. Examples of these charts are line charts, pie carts, and bar charts, as
displayed in figure 2.2.

| j__lﬂﬂ_.:!j__zﬂ_.m_jl_ nll

Figure 2.2: From the left: Line chart, bar chart, pie chart

More complex visualizations can be used when basic visualizations are not
sufficient for the data at hand. These more complex visualizations can require
some training to fully utilize, but they have the potential to provide faster
information retrieval or contribute to the discovery of less apparent patterns.
Examples of such visualizations are metaphor graphics (composite icons) [46],
animations, or 3D objects. Metaphor graphics can be used for ICU dashboards
[46][47], as they can provide an overview of a patients status at a glance. Figure
2.3 shows a metaphor graphic designed to visualize data in an ICU.
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Figure 2.3: Metaphor graphic for displaying physiological measurements for a single
patient from [46]

Making visualizations interactive aids the search for information. A com-
monly used visualization principle, known as Shneiderman’s mantra, is ” overview
first, zoom and filter, then details-on-demand” [48]. Adding options for drill-
down, filtering, etc. can make a visualization more powerful, as a user has more
control to adapt the visualization to her current information needs.

2.4 Fast Healthcare Interoperability Resources (FHIR)

The HL7 FHIR standard [49] provides a common data format for health data.
This is achieved by dividing data into logical ”resources” where each resource
represents a concept. The resources can be expressed in formats such as JSON
or XML, and communicated over REST. The intention of the standard is to
provide interoperability between health IT systems. For dashboards gathering
data from various external sources, this is important. As the primary function
of dashboard applications is to present data, little to none of the data is created
by the application itself. Consequently, adapting a common standard for the
data used in the dashboard can simplify both development and maintenance
of this type of system. Using a standard to ensure interoperability is also a
common requirement in modern health I'T applications. The US Food and Drug
Administration (FDA) supports and promotes the use of standards for medical
interoperability [50]. The Norwegian Directorate of eHealth recommends using
the HL7 FHIR standard for implementing APIs in health IT applications [51].

A FHIR resource describes an object of data, generally on the resource server.
All standard resources are described at the HL7 FHIR web page. A resource will
have some required fields, and often some optional fields. Amongst the resources
relevant for mental health data are the Patient, Questionnaire, Questionnair-
eResponse resources. The generic Observation resource also provides an option
to include any kind of numerical/categorical data points in an application.

The HL7 FHIR standard does not restrict resources enough to remove all
ambiguity in implementation details, as there are often multiple ways to create
a FHIR resource with the same semantic meaning. This is partly due to the
extension system in FHIR, which is presented as a way for developers to include
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data which does not fit any of the existing resource categories on the FHIR
server. This feature is intended to let developers tailor the specification to a
given situation, as the base resources does not aim to cover all use cases. In
practice, this means that developers have to coordinate among themselves, in
order to determine the necessary restrictions for their use case.

Mental health data is, in the same way as any other type of medical data,
sensitive and subject to security regulations. These problems can be mitigated
during development by generating a data set of patients with values correspond-
ing to what could be expected. Using the FHIR standard as an interface towards
the data when generating the resources ensures the application supports inter-
operability towards future data sources. At any later stage, we can plug in a real
data set in the FHIR format, and expect the technical aspects of the application
to be compatible. This type of data set is available on open test servers [52],
but is currently lacking in the mental health domain. The test servers also reset
periodically, which makes them inconvenient to work towards. Due to these
issues, the HAPI JPA server [53] was chosen for development of the artifact in
this thesis. Sections 4.2.4 and 4.4 further describes how the resource server is
populated with generated mental health data.

When making search queries, the resource server will return the results as
a Bundle resource in the response. A Bundle is a composite FHIR resource,
containing the results matching the search. Unpacking the Bundle will yield
the resources in the appropriate formats. When a large number of resources
are matching a search, the resource server can choose to return a subset of the
matching resources in a series of pages [54]. Each response containing a page
will also contain the link to the next page, if it exists. Retrieving multiple pages
needs to be done sequentially as a result of this. Intuitively, this increases the
time required to retrieve a collection of resources by numpages — 1 Round Trip
Times (RTT). The performance impact of this is discussed further in section
5.2.

The FHIR standard does not define security related functionality [55]. In
practice, security has to be built on other protocols. The SMART on FHIR
stack [56], using OAuth and OpenID Connect, offers potential as the default
security mechanism. As SMART on FHIR is currently still in development, it
was not used for development of security in the artifact.

2.5 Related Work

As mentioned in section 1.3.3, we found no clinical dashboard applications for
use in iCBT, nor Internet-based therapy in general, through searching Google
Scholar and Medline. While there is limited research on visualization dash-
boards within mental health, this is a well used technique in other disciplines
of medicine. There are overlaps in information requirements between ICU and
iCBT with with respect to the single patient. Ideas from the Intensive Care
Unit (ICU) in hospitals can as such be adapted to the mental health setting, as
visualizing patient data is a common goal.
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When searching the scientific literature databases, multiple systems for vi-
sualization were identified. The studies that presented visualization methods
which could be adopted to visualize the data in this thesis is included as related
work. This section will present studies implementing medical data visualiza-
tions, and how these systems relate to the artifact developed in this thesis. The
first three examples show visualizations of multivariate medical data for a sin-
gle patient. All of the applications presented in these studies differ significantly
from the design science artifact presented in this thesis, but contains one or two
main similarities. The last study presents a dashboard for overview of a group
of patients with diabetes.

2.5.1 Practical Visualization of Multivariate Time Series Data in a
Neonatal ICU

Lehmann et. al. [57] presents a clinical dashboard that was developed with
the purpose of informing nurses in a neonatal ICU setting. The motivation
for designing this dashboard was to enable providers to identify changes in the
patient’s condition in order to perform faster diagnoses. The study focuses on
visualizing multivariate time series data. This is achieved by using star/spider
plots, where each axis represents one measured variable for a patient.

The clinical dashboard displayed physiological measurements for a patient’s
heart, kidneys and lungs. Star plots were used to easier see how the variables
change relative to other variables. Combined with animation representing pa-
tient state over time, this provided an overview of how the patients state changed
during the measurement period. This idea has been adapted for visualizations
in this thesis, with the main modification of applying user interaction instead
of animation. Figure 2.4 shows an example of a star plot from Lehmann et. al.
[57], paused during animation.
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Figure 2.4: Animated spider chart paused, from Lehmann et. al. [57]

2.5.2 Multidisciplinary Intervention in Patients with Musculoskele-
tal Pain: a Randomized Clinical Trial

Brendbekken et. al. [58] presents a visualization tool named Interdisciplinary
Structured Interview with a Visual Educational Tool (ISIVET). The goal of the
study is to compare a multidisciplinary intervention (MI) performed with the
tool, to a brief intervention (BI), for patients with musculoskeletal pain. Figure
2.5 shows one of the two figures used in ISTVET.
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Energy
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Figure 2.5: Spider chart in ISIVET

The spider chart in figure 2.5 displays a patients ”quality of life”. Each
variable displayed is determined through cooperation between the patient and
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the therapist. The three traces displayed in the chart represents ”quality of
life” filled in three times. This approach for visualizing patient reported data
resembles the approach used for the spider chart in the artifact of this thesis.

2.5.3 Supporting Clinical Cognition: A Human-Centered Approach
to a Novel ICU Information Visualization Dashboard

Faiola et. al. [59] presents a human-centered approach to creating a decision
support tool for the ICU environment. The tool Medical Information Visual-
ization Assistant (MIVA) was developed to visualize electronic medical record
(EMR/EHR) data. Figure 2.6 shows ”information visualization timelines” dis-
playing multivariate biometric data.
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Figure 2.6: Temporal displays for biometric variables for a single patient in an ICU
with MIVA 1.0

The approach for visualizing multivariate data in MIVA inspired the artifact
in this thesis. Specifically, the line charts displaying single dimensional temporal
values for each patient (see figure 3.4). The differences in the approach of MIVA
and this thesis is substantial, but the main takeaway is stacking multiple charts
of single dimensional time series.

2.5.4 A dashboard-based system for supporting diabetes care

Dagliati et. al. [60] presents a dashboard application to deliver Clinical Deci-
sion Support and outcome assessment for type two diabetes patients. Figure
2.7 shows some of the visualizations presented in an ”outcome assessment and
research support system (ORSS)” dashboard for diabetes patients. The appli-
cation supports selecting sub-populations for further visualizations. Figure 2.7
shows the charts displayed for a selected set of patients.
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Figure 2.7: Selected visualizations from dashboard for a patient population in
Dagliati et. al. [60]

The pie chart on the left divides the patient population into a few high level
categories. Similarly, the pie chart in the center displays a more detailed dis-
tribution of the selected patients. The right bar chart displays the distribution
of the selected patient group with respect to the duration the patient had the
matching level of disease evolution. All patients in this sub-population had the
same level of disease evolution, and the bar chart shows each patients duration
within this group. The ideas of using a pie chart to divide the patient group into
high level categories, as well as using a bar chart to divide the patient group by
temporal properties were adapted and used for the artifact in this thesis. Pri-
marily the presentations of overview in the design science artifact was influenced
by these ideas (see figure 3.1).

The CDS and visualizations presented by Dagliati et. al. considers a group
of chronic patients. The data for these patients share some similarities with
the patient data in iCBT, as the measurements span over a long period and
considers outpatients. While the dashboard presented by Dagliati et. al. has
multiple specialized features not discussed further here, the charts shown in
figure 2.7 are generic enough to be adapted to the iCBT setting.

2.6 Section summary

Guided Internet-based Cognitive Behavioural Therapy is a mental health treat-
ment form shown to have similar efficacy as standard Cognitive Behavioural
Therapy while providing significant increase in efficiency. The patient-therapist
contact in iCBT is mainly limited to asynchronous communication over the in-
ternet. As an effect of this, a therapist needs to rely on the available data to
gain an overview of the state of her patients. The amount of data in iCBT is
exceeding what a therapist can make use of in its raw format. One of the main
ways to track the progress of patients in iCBT is through standardized ques-
tionnaires. In current practice at eMeistring, therapists have to consider each
data point manually, through pdf files or charts displaying single questionnaires.
Gaining an overview of one or multiple patients requires significant time, and is
cumbersome for the therapist within the current workflow. Through the appli-
cation of visual analytics and dashboard techniques, therapist workflow can be
improved with respect to efficiency and reduction of cognitive load.

18



The patient’s response to the exercises given in a treatment module is also
important data for therapists to consider. In current practice, the exercises
are mainly free-text based. Structuring this data for further analysis is an
important and interesting topic for further research. Quantitative measurements
in the form of standardized screening questionnaires and temporal numerical
observations will be the focus for the artifact in this thesis.

The data from questionnaires can be visualized to show patient progress over
time. By applying data visualization and aggregation techniques, a dashboard
application can provide insight into both a therapist’s group of patients, and
each single patient. Adopting HL7 FHIR resources as the storage format of the
filled questionnaires will enable the dashboard to be general enough to support
iCBT treatment programmes for multiple mental health disorders. Using the
FHIR standard will also be beneficial for integrating data from multiple sys-
tems into a dashboard application, as having a single format for the data will
reduce the complexity of system interoperability. As there exists limited work
on clinical dashboards for Internet-based mental health therapy, techniques for
data visualization in other medical domains are adopted and implemented in
the artifact.
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3 Method and Design

This section will present the artifact. The process of designing and developing
the artifact will be described first. Following this, an overview of the user inter-
face along with examples of use cases is presented. The specifics of converting
screening questionnaires to time series is then described. Finally, the visualiza-
tion for multidimensional time series implemented in the artifact is presented.

3.1 Design process

Throughout the development of the artifact, meetings were held to evaluate the
artifact design and to discuss it’s features. These meetings were held at roughly
two to four week intervals. During these meetings, the artifact was presented,
and changes as well as new features were discussed. The supervisors of this
thesis, who have experience working on iCBT applications, were present at
these meeting. Other master students in health informatics were also present. It
would have been beneficial for the development of the artifact to have therapists
attend these or similar meetings, as after all, they are the intended user group.
Unfortunately, this was not possible. The iterative development process was
carried out until the artifact satisfied the design science objectives. Technical
details about the implementation throughout this process is presented in section
4.1.

The development of the artifact can roughly be divided into four iterations.
The iterations had slight overlaps, but followed the sequence described below.
During each iteration, we set goals for the development of the artifact, through
discussion in the meetings described above. The artifact was evaluated infor-
mally at these meetings, and new goals were determined for the subsequent
development period. The overarching goals of each iteration were the following:

1. Problem identification and initial ideas for solutions.
2. Identifying data types, adopting HL7 FHIR and generation of data.
3. Implementation of visualizations, and integrating them in a dashboard.

4. Scaling the application to support more data points.

Iteration one: The initial concerns of designing the artifact considered how
the mental health screening data could be presented in a better way than
through patient filled questionnaire forms. The patterns described in section
3.3 were identified here, and some methods for visualizing the data were pro-
posed. The initially suggested charts were heat maps, line charts, and spider
charts. We decided the heat maps were too verbose for practical use. The other
charts were integrated in the GUI of the initial prototype, described in section
4.1.2.

Tteration two: The FHIR standard was then adopted, and mental health
data generated as described in section 4.4. We discovered that supporting the
unstructured exercise data of eMeistring (e.g. plans, activities, and follow-up
on these) in its current form would be difficult. To keep the dashboard generic
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enough to support multiple forms of iCBT, we chose to focus on utilizing the
data we could express in the FHIR format.

Iteration three: The overview page, with the corresponding visualizations
were designed next. Simple visualizations were chosen for this view, as it is
intended to give fast overview rather than provide deep analysis. The inter-
active spider chart was also designed to visualize the QuestionnaireResponse
resources for each patient. This iteration also considered consolidating all the
visualizations into a functioning dashboard.

Iteration four: In this iteration, we scaled the dashboard solution to support
additional patients per therapist, through the generation of more data. This
process uncovered some performance problems, where the main bottleneck was
tracked down to be interaction with the HAPI JPA server (see section 4.6.1).
Most of the remaining development time was spent mitigating these issues, as
described in section 4.6.1

3.2 Artifact description

The artifact is a web-app consisting of two primary views. Throughout this
thesis, we will refer to these as the Master View and Detail View. The purpose
of the artifact is to display the status of both a group of patients as well as each
single patient. The Master View presents an overview of all the patients, and
the Detail View presents visualizations of the data for a specific patient. The
application uses FHIR to interface towards the data source, and does as such
have the potential to support a wide range of iCBT treatments.

3.2.1 Master View

The Master View is the landing page of the application. Here, a therapist is
presented with an overview of her group of patients. The view is designed to
comply with Shneiderman’s mantra [48], giving an overview first with possibil-
ities to filter, and then details on demand. Status variables are presented to
describe each patient. For particularly urgent patients, a warning string is pre-
sented. Each patient will have a progression string and numerical urgency score
(if the data is present), with optional flags and warning strings. The calcula-
tion of these variables are discussed further in section 4.5.1. Figure 3.1 shows
the entire Master View. The numbers are overlaid for identification of the GUI
elements in the following paragraph.
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The main GUI element in the Master View is the table over all the patients
(5). The status variables described in the previous paragraph are presented for
each patient. This table is sortable on any column, and can be filtered based on
a search string, or if they have already been checked by the therapist this week
(4). Patients with urgent needs are presented in the warning section (3). The pie
chart represents the state of the patient population in terms of the progression
variables (1). The bar chart groups patients based on how long they have been
in the treatment program (2). All together, this elements in this view presents
the therapist with a fast overview of the state of her group of patients. Figure
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Figure 3.1: Master View

3.2 and 3.3 show GUI element one through four presented here.
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Figure 3.2: Pie- and Bar chart in Master View (1 and 2)

The pie chart provides an overview of the group of patients based on the
progression variables. Progression variables can take the values ”improving”,
"steady”, ”declining”, as described in section 4.5.1. As the progression strings
are known, color coding is applied to the pie chart. Intuitive color choices
have been used here, with green representing improvement and red representing
decline. Clicking any of the slices of the pie chart will place the patients with
the matching slice on top of the table. The bar chart shows how long patients
have been in the treatment.

Warnings
Name Reason
Aaron697 Herzog843 Suicidal thoughts 4
Your patients
Adrianill Metz686 Suicidal thoughts 5
Search.,
Alfonzo975 Schummg95 Suicidal thoughts 4
DD
Aline709 Mayert710 Suicidal thoughts 4
Alphonso102 Wisoky380 Suicidal thoughts 4
Anishalf Hartrann283 Suicidal thoughts 4

Figure 3.3: Warnings (3), and tools for search and filtering of table (4)

Combining the table with the filters seen in figure 3.3, two main options for
workflow are presented. Therapists who want to check all their patients every
week (or another set interval) has the option to filter out patients they have
already seen. The other option is treating the patients based on the overview
information. The therapist can go through the table row by row, and check each
patient if they want to. Alternatively, methods to sort and filter the table is
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presented to make it easier for the therapist to find the information they require,
for how to organize their work session for the day. The warning function used
in this example checks all patients latest MADRS QuestionnaireResponse, and
displays the patients with a score > 4 on the suicidal category. When using the
MADRS questionnaire, patients answering > 4 on this category should be con-
sidered for admission [61]. When using other questionnaires for the treatment,
the calculation of warning variables can be adjusted.

3.2.2 Detail View

Clicking on a patient’s name will direct the browser to a detailed view of the
patient. The data presented in this view, as well as the rest of the application, is
generated as described in section 4.4. For the generation of the patient resources,
the Syntea patient generator [62] library was used. The background information
displayed in figure 3.4 and 3.5 is the data on the FHIR Patient resource.

The available visualizations in this view is dependent on the data available
from the resource server. All QuestionnaireResponse and Observation resources
for the patient is pulled from the FHIR server. Any QuestionnaireResponse
resources is visualized by default. The therapist can then select which of the
available Observation resources should be shown. The Observation resources
can be visualized as regular line charts. Figure 3.4 shows the entire Detail
View, with numbers overlaid similarly to the Master View in figure 3.1.
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Figure 3.4: Detail View

Visualization of the QuestionnaireResponse resources requires a multidimen-
sional approach. The method used in the artifact is an interactive combination
of Spider Chart and line chart, as shown in section 3.4. These charts are dis-
played by clicking the appropriate button in (2). As the sum of the answers in
psychometric screening questionnaires is informative, line charts displaying the
sum over all answers in each QuestionnaireResponse resource is displayed by
default. This chart presents an aggregate overview of the data, where further
details can be discovered in the spider chart. The interactive spider chart is
described further in section 3.4.
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The therapist can customize this view by adding or removing any line charts,
given the available data. For any QuestionnaireResponse resources with at least
two data points, a line chart for this questionnaire will be shown as default.
The line charts will be persisted between user sessions. This is intended to help
integrate the application with user workflow, and reduce the number of actions
the therapist needs to perform. As which data types are relevant varies between
patients, persisting the state of the view can also help the therapist gain a faster
overview of a patient. As described by Nielsen, recognition is preferable to recall
[63][64]. By being presented with the state of the view from the previous work
session, the user will recognize the patient, and remember the patient’s problems
faster.

The visualizations can display a wide range of data types. Because of this, the
interpretation of the charts will be dependent on which data is being presented.
For the questionnaires used in the examples presented in this thesis, lower scores
are better. A downwards trend in the charts can as such be considered a positive
development. Data types where higher values are better than lower values would
need to be interpreted differently. With regards to automatic interpretation and
decision support, this is further explored in section 4.5.1. Figure 3.5 shows the
patient’s background information, and how observations can be selected.

Observations and Forms

MONTGOMERY AND ASBERG

PATIENT HEALTH QUESTIONNAIRE

Name Adrian111 Metz686 HEER IRISion 1

Telecom phone: 555-218-3129
Gender male
Birth Date 1929-10-31

Marital Status M

Figure 3.5: Picture and background information (1) and selectors (2)

The background information in figure 3.5 displays the data from the Patient
resource. In this case, the fields in the Patient resource generated by Synthea
is shown. What kind of background information is appropriate will depend on
the situation in practice. The fields displayed here can be changed by extending
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the Patient resource. As the Patient resource is filtered before it is displayed in
the artifact, changing the displayed fields would require a small implementation
change.

In figure 3.5, the top two buttons will display interactive spider charts when
selected. The ”Select Observation” drop-down menu presents a list of all avail-
able Observation resources for the patient. The number of data points are shown
in parenthesis. Only Observations with at least two data points, and the ”val-
ueQuantity” field are displayed. In the example shown in figure 3.5, the ”Body
Weight”, "Body Height” and "Body Mass Index” Observations are generated
by the Synthea library, described in section 4.2.4. The ”Sleep Duration” Ob-
servations are generated by a Python script described in section 4.4. Figure 3.6
shows examples of line charts displaying data from QuestionnaireResponse and
Observation resources.
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Figure 3.6: Line charts (3)

The top two line charts in figure 3.6 show the progression of the patient,
represented by the questionnaires MADRS and PHQ-9. Each data point is the
sum of the answers in the QuestionnaireResponse at a given time. Why the sum
is useful to display is explained further in section 3.3. The axes are normalized
to the range between the maximum and minimum values of the data points.
For these specific examples, a downwards trend (symptom improvement) can
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be observed in the MADRS line chart, and stabilization could be observed in
the PHQ-9 line chart.

The chart labeled ”Sleep Duration” shows how many hours a night the patient
slept. This chart could show any of the measurements displayed in figure 3.5.
This generated example shows how higher frequency data can be displayed in
the artifact. If there are less than 80 data points, the blue circles on the traces
are hidden to improve the readability of the chart. A reduction in volatility over
the measured interval can be observed on this chart. For a real patient, this
could indicate improvement in sleeping habits

3.3 Psychometric screening data as time series

The questionnaires given to patients can take a form similar to the example
given for the MADRS questionnaire in figure 2.1. For some questionnaires,
both patient and therapist can fill in the answers. Other forms are specialized
towards either the patient or therapists. As an example: The first question
in the MADRS form should be answered by the therapist. This question is
removed in the MADRS-S version. Other variations in the MADRS question-
naire considers some versions only accepting even numbers, while other versions
accepts all numbers from zero to six. The sum over the answers in MADRS
can be compared to certain thresholds in order to determine the severity of the
depression [61].

As described above, multiple versions of the same mental health screening
questionnaire can be used. Due to this, there is a wide range of unique ques-
tionnaires suitable for iCBT. The questionnaires does, however, mainly conform
to the following patterns:

e Each question has a numerical answer, or an ordinal answer which can be
converted to a number.

e The numbers of the answers are in the same range for all questions in the
questionnaire.

e The set of answers can be aggregated to an overall evaluation, for example
by summarizing all the answers in the questionnaire. This aggregated
result can in certain cases be compared to threshold values in order to
determine a diagnosis.

All questionnaires mentioned in section 2.1 follows these patterns. As the
questionnaires are filled out multiple times over an interval, the set of answers
can be represented as unevenly spaced multidimensional time series. Some ap-
plications of time series analysis requires constant intervals between the mea-
surements. In this case the intervals can not be assumed to be constant, as
patients could be delayed or inconsistent in delivering the questionnaires. For
visualization purposes unevenly spaced data points are acceptable. We show
one method for visualizing this type of data in section 3.4.
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Considering the MADRS questionnaire, table 3.1 shows a more compact rep-
resentation of the answers. Further compression of the data is possible, by only
saving the vector of answers. Given the questionnaire, the indices in the vector
can map cach answer to the correct question.

Reported sadness

Inner tension

Reduced sleep

Reduced appetite
Concentration difficulties
Lassitude

Inability to feel
Pessimistic thoughts
Suicidal thoughts
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Table 3.1: Answers to the MADRS questionnaire in tabular format

Reported sadness

Inner tension

Reduced sleep

Reduced appetite
Concentration difficulties
Lassitude

Inability to feel
Pessimistic thoughts
Suicidal thoughts

Of | | i po| | Ot s || 5
po| of pof | | | po| | | =+
wof wo| x| cof po| ro| ol s || o
ol || oo k| o |

R It D Il Nl el B B R

Table 3.2: Multidimensional time series example

Formatting the answer vectors as multidimensional time series can produce
the frame shown in table 3.2. This format is useful for reasoning about further
processing of the data. In the artifact, the data is not represented in this exact
format, but as a similar dictionary representation. The following processing
techniques can create one dimensional vectors, suitable for visualization:

e Select row: The resulting vector will contain a time series for the cate-
gory/question of that row. Line chart is a suitable visualization for this
time series.

e Select column: The resulting vector represents a questionnaire at one
point in time. Bar charts or spider charts are suitable visualizations for
this vector of ordinal values.

e Sum over columns: The resulting vector will contain a time series with
the sum of categories at each time step. Line chart is a suitable visualiza-
tion for this time series. The sum of categories can be used to determine
treatment options in questionnaires like MADRS. For example: A sum >
36 is considered very severe depression [61].
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The resource server stores each set of answers as FHIR QuestionnaireRe-
sponse resources. Figure 3.7 shows an example of how the MADRS question-
naire can be represented as a FHIR QuestionnaireResponse resource (clipped
after two questions).

1 "resource": {

2 "resourceType": "QuestionnaireResponse",
3 "id": "75289",

1 "meta": {

5 "versionId": "1",

6 "lastUpdated": "2019-03-25T13:54:32.158+01:00"
7 1,

8 "questionnaire": {

9 "reference": "Questionnaire/42220"
10 1,

11 "status": "completed",

12 "subject": {

13 "reference": "Patient/2"

14 },

15 "authored": "2018-03-18",

16 "item": [

17 {

18 "linkId": "O",

19 "text": "Reported sadness",
20 "answer": [

21 {

22 "valueInteger": 4

23 }

24 ]

25 },

26 {

27 "linkId": "1",

28 "text": "Inner tension",

29 "answer": [

30 {

31 "valueInteger": 4

32 }

33

Figure 3.7: Example of a HL7 FHIR QuestionnaireResponse resource for the MADRS
questionnaire

This example could potentially contain more information, as some optional
fields have been left unfilled. The QuestionnaireResponse resource is in this case
a verbose representation of table 3.1. The linkId fields in the QuestionnaireRe-
sponse maps to the linkld fields in the corresponding Questionnaire resource.
These ids can be used in conjunction with the resources to recreate question-
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answer sets. As multiple QuestionnaireResponse resources can have the same
Questionnaire, this division of questions and answers can reduce the amount of
text contained in each QuestionnaireResponse. When requesting large amounts
of QuestionnaireResponse resources this can provide performance benefits.

To summarize, the storage format is not necessarily the best format for rea-
soning about how to process the data. Using the FHIR format as the primary
data representation, however, is beneficial for system interoperability. Con-
verting the resources into a more compact form after requesting them can be
necessary for visualization.

3.4 Visualizing multidimensional time series

With the goal of visualizing data from the format shown in table 3.2, we built
a custom visualization, shown in figure 3.8. As a high degree of customizability
was required, we chose the D3.js library for this task. A spider chart was chosen
to represent a set of answers at one point in time. As the dimensionality of the
intended data is mid-range, spider charts are a suitable option for visualizing
the questionnaire data. For mid-range, we consider roughly between four and 20
dimensions. Three dimensions or less could be visualized in a line- or bar chart,
and over 20 would require more complex techniques. The spider chart contains
two traces, one representing the most recent QuestionnaireResponse and the
other trace representing an earlier QuestionnaireResponse selected by the user.
Using the data representation in table 3.2, the blue trace represents column ¢,,_q
where n is the number of data points. Similarly, the orange trace represents any
column in tg to t,_5. Two traces were chosen to easier display changes in patient
state, where blue being lower than orange indicates improvement along an axis.

A mechanism to enable the user to select the date of the orange trace was
designed next. To implement this, we used a line chart summarizing the values
of all axes of the spider chart at each time step. When the therapist hovers this
line chart, the orange trace of the spider chart updates to the date closest to the
cursor. The orange vertical line in figure 3.8 represents the selected date. This
approach allows the therapist to quickly compare patient progress along each
axis in the spider chart. Furthermore, each axis can be clicked by the user to
display a line chart over the time series in the selected category. This enables
the therapist to customize which visualizations to see for each patient. Figure
3.8 shows the interactive spider chart visualizing mental health screening data.
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Figure 3.8: Interactive Spider Chart

The visualization in figure 3.8 is designed for any series of QuestionnaireRe-
sponse resources, given the format previously described and at least two data
points. For the visualization to be correct, the QuestionnaireResponse resources
presented should also reference the same questionnaire. This issue is handled
when retrieving the resources from the FHIR server. The artifact will group
the QuestionnaireResponse resources based on their referenced questionnaires.
Buttons will be rendered in the GUI to select interactive spider charts for any of
these groups with enough data points (at least two resources). As the artifact
treats the resources in a generic manner, no validation is performed towards the
semantic content of the resources. Because of this, the quality of the visualiza-
tions depends on the data available from the resource server. The spider chart
portion of the visualization is based on [65], but heavily modified.
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4 Implementation

While the previous chapter presented the artifacts design, this chapter provides
a more in-depth explanation of the implementation. More technical descrip-
tions are provided on how calculations are carried out. First, the tools used for
development of the artifact is presented. The system’s architecture and update
patterns are then described. Generation of mental health data follows. The sta-
tus variables, how they are calculated, and potential for further extension is then
presented. The scalability of the artifact and further potential for optimization
is then described. Finally, we discuss potential security considerations.

4.1 Tools and frameworks used during development

This section and section 4.2 presents the main tools used to create the artifact.
Only the main technologies used in the artifact are presented. Tools like IDEs
and version control were also used, but the specifics of these tools are not nec-
essary to include. The first two tools presented in this section were used for
iteration one, described in section 3.1. The SMART on FHIR JavaScript client
was used for iteration two and three. The SMART on FHIR Python client was
used for iteration two and onwards.

4.1.1 Matplotlib and Seaborn

We created the initial prototypes for the visualizations with the Python visual-
ization libraries Matplotlib [66] and Seaborn [67]. These tools allow for rapid ex-
perimentation, as they provide many pre-packaged visualization options. Both
libraries are designed to create locally running visualizations for a local data
set. The libraries present good solutions for fast overview of a data set, but
they do not present web-based visualizations.

4.1.2 Dash

After discovering the initial options for visualizations, we designed an inter-
actable prototype for further testing. We used the Dash framework [68] to create
this prototype. Dash provides a lightweight web server made for fast creation of
charts by only using Python. Due to the common language of Python, Dash is
partially compatible with Matplotlib and Seaborn. Adapting the Matplotlib vi-
sualizations towards Dash was as such unproblematic. This was useful in order
to get a fast GUI prototype which could be used for discussion with the ther-
apists. The prototype was presented in the meeting at the eMeistring clinic,
described in section 1.3.2. After a short period of using Dash, we found the
framework to not be flexible enough to support all our requirements. We then
considered the JavaScript visualization libraries D3 and Highcharts, described
in section 4.2.5. As Dash did not provide sufficient flexibility, we decided switch
to the heavier web server framework of ASP.NET MVC, described in section
4.2.1.

4.1.3 SMART on FHIR JavaScript client

After adopting the FHIR standard, as described in the previous section, we
made more changes to the tools used. For the handling of FHIR resources,
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we initially used the SMART on FHIR JavaScript client. SMART on FHIR
is designed to provide a full security tech stack with OAuth 2 and OpenlD
Connect. As the design science artifact does not implement security, only the
RESTful operations of the client were used. Due to the performance issues
discussed in section 4.6, we moved the calls to the FHIR resource server to the
backend. As such, the SMART on FHIR JavaScript client was replaced by the
C# FHIR client [69], which is included in the final artifact.

4.1.4 SMART on FHIR Python client

The SMART on FHIR Python client library [70] was used as part of the data
generation process to convert raw data into QuestionnaireResponse and Ob-
servation resources. The library also provided the necessary functionality for
CRUD interactions with the resource server, allowing for directly uploading the
resources after they were generated.

4.2 Tools and frameworks in the final artifact

Most of the tools presented in this section were integrated in the artifact in the
second iteration of the development, described in section 3.1. The exceptions
are the JavaScript visualization frameworks Highcharts and D3 which were used
from iteration three.

4.2.1 ASP MVC

The framework used for the web server in the artifact was ASP MVC 5 .Net. The
server was mainly used to serve the data to the views initially, with calculations
being performed on the client. We chose ASP MVC initially because it has
the potential to integrate seamlessly with other powerful .NET frameworks, for
example ASP.NET Identity [71] and Entity Framework [72]. We did, however,
decide not to use either of these frameworks for the final prototype as they
are designed towards relational databases. As described in section 4.2.2, we
decided to use the document-based database MongoDB. The official C# FHIR
client library [69] was used to make requests between the application server and
the resource server.

4.2.2 MongoDB

The web server uses MongoDB as the database, along with the official MongoDB
C# driver [73]. We chose MongoDB due to its compatibility with the JSON
format. MongoDB stores data in collections of BSON (Binary JSON [74]) doc-
uments. When requesting resources from the FHIR server, the response is sent
as JSON format (could optionally have been XML). This format is also used
for JavaScript on the client, as JSON can be directly casted to JavaScript ob-
jects. These interactions entails that reading objects from the database and
then passing them to the client does not require a lot of code.

4.2.3 HAPI JPA

The HAPI JPA [53] Java reference implementation of FHIR was used as the
resource server. The server was only modified to disable paging of resources,
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which is further discussed in sections 4.6 and 5.2. The artifact also supports
resource servers with paging, although we do not recommend this due to the
findings described in 5.2. To ensure compatibility with other FHIR, servers, no
other modifications were made. FHIR version DSTU3 was used for this server,
as version R4 was released during the development of the artifact.

4.2.4 Synthea

The Synthea Patient Generator [62] generates realistic synthetic patient data in
FHIR format. For the development of the artifact, we used Synthea to generate
147 synthetic patients in JSON format. We then uploaded these resources to
the HAPI server. The generated data did not contain all the required resources
for the artifact, particularly within mental health. For the mental health data,
we generated the remaining resources as described in section 4.4.

4.2.5 Highcharts and D3

Highcharts [75] and D3 [76] are both JavaScript libraries for data visualization.
Highcharts provides customizable pre-made solutions built on D3, and is a com-
mercial project which is free for non commercial use. We used the Highcharts
library to create the pie- and bar chart in the Master View. D3, or Data Driven
Documents, is a library with with a high level of customizability. We used D3
to create the interactive spider chart described in section 3.4.

4.3 System Architecture

The architecture of the artifact is mainly based on the Model View Controller
(MVC) pattern. As the models require data from an external resource server,
the complexity of the architecture increases. Figure 4.1 shows the flow of data
between the high level components in the artifact. This flow is further explained
in section 4.2.

Server

Scheduler

D Controllers Views

Models

Resources: Y Data Objects

MongoDB

Data processing

Figure 4.1: Architecture model

The ”Data processing” step in figure 4.1 only considers processing of patient
data. More specifically, this processing considers the logic of calculating the
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status variables, wrangling data, and deserialization/serialization of the FHIR
resources. Processing the therapist specific fields of the model requires no in-
teraction with the FHIR server. As this interaction is the main performance
bottleneck (see section 5.2), actions related to therapist specific data is fast
enough to be processed on each request. The FHIR server in figure 4.1 is an
implementation of the HAPI JPA server. This server is replaceable by any
resource server implementation conforming to FHIR version DSTU3.

The client component of figure 4.1 represents the web browser of the therapist.
All data visualizations are processed and displayed here. The data is already
mostly processed when it is delivered to the client through the model. As such,
the logic of the visualizations are completely decoupled from the backend /server.

The scheduler and resource server can run in the same virtual environment
as the application server, but this is not a necessity. For example if the artifact
is deployed to a cloud environment, a cloud scheduler can be used. Running all
component on the same virtual machine is most likely the simplest solution for
small scale projects.

The scheduled update process runs independently of user interaction. When
the client requests a view, the data is already available. As a result of this, the
data will not be available in real time. How recent the displayed data is will
depend on update frequency.

4.3.1 Update flow

Figure 4.2 presents a more detailed description of the data processing module
of figure 4.1. QuestionnaireResponse resources are abbreviated to ”QRs” in
the diagram. The sequence is initiated by the scheduler in figure 4.1. The
application server will first fetch the Patient resources and their corresponding
QuestionnaireResponse resources from the FHIR server. These resources are
processed to create the model for the Master View. The QuestionnaireResponse
resources are then stored in the database.

As the FHIR specification prescribes a reference in the questionnaire field
of QuestionnaireResponse resources, some additional calls needs to be made to
retrieve the necessary Questionnaire resources. In order to get the correct ques-
tionnaire name/title for a given QuestionnaireResponse, a dictionary between
the URIs and questionnaire names are made during the update process, for
each patient. This is used in the models for the Detail View, for displaying the
correct names of the questionnaires in the view.

The reason for storing the QuestionnaireResponse resources is to decouple the
processing of the models from the Detail Views to the Master View. Storing and
retrieving the models in the same process incurs a slight increase in processing
time, but reduces code complexity. For development and debugging, being able
to update one type of model at a time allows for rapid development.
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Figure 4.2: Sequence diagram for the update flow

After processing the Master View models, each patients Detail View model
is created. The QuestionnaireResponse resources are retrieved from MongoDB,
and the Observations from the resource server. All unique references to Ques-
tionnaires in the QuestionnaireResponse resources are also retrieved. These
resources are serialized and stored as fields in the models for the Detail View.
The models are then persisted in MongoDB.
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4.4 Mental health data generation

After generating the synthetic patients with Synthea, the next goal was to sim-
ulate realistic mental health data. QuestionnaireResponse, Questionnaire and
Observation resources were generated. The QuestionnaireResponse described
in section 3.3 is an example of one of these resources. To simulate patients
answering a questionnaire over a time period, the resources for the MADRS
questionnaire was generated first. To achieve this, we created a Python script
to populate the FHIR server with resources. In this script, the data is first
generated as multidimensional time series. Next, the data is converted to FHIR
resources using the SMART on FHIR Python client [70]. Finally the resources
are uploaded to the FHIR server. We used the following Python code to generate
realistic looking data, by simulating variance and trend:

default_max_timesteps = 30

for i in range(len(dates)):
decrement_fraction = 1 / max(default_max_timesteps, len(dates))
mu = max_val - (min_val + 2 * (i * decrement_fraction))
variance = 1 - (i * decrement_fraction)
sigma = math.sqrt(variance)
col = np.random.normal(mu, sigma, 9)

#clamp wvalues: min <= ¢ <= maxr
col = [min(max(x, min_val), max_val) for x in col]

Figure 4.3: Code snippet for simulating realistic answers to questionnaires

The ”col” variable is an array containing the generated answer vector at
a given time. The answers are drawn from a normal distribution given the
u and o at that time step. The decreasing mean and variance is intended to
indicate an improving trend for the patient. This trend can be recognized in the
visualizations of the artifact. The generated dates are evenly spaced dates in a
semi-random interval. The interval is chosen as the interval between a random
date in the last seven months of 2018, to a random date in the first five months
of 2019.

We repeated this process for all patient resources on the FHIR server, for
the MADRS-S and PHQ-9 questionnaires. To generate sleep data, we also
created a similar script to create Observation resources. The main modification
was to generate single values instead of an array, and having constant mean
over the time series. An example of a single sleep observation is displayed in
figure 4.4. The main fields used in these Observation resources by the artifact
is ”valueQuantity.value” and ”effectiveDateTime”. Almost all fields displayed
here are required by FHIR DSTU3.

Due to the nature of the data, we can not expect the generated data to show
similar properties to real data. It would, for example, be reasonable to expect
certain categories to be lower than other categories on average. In MADRS,
the suicidal category is more serious than the other categories, which could
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1 "resource": {

2 "resourceType": "Observation",

3 "id": "57473",

4 "meta": {

5 "versionId": "1",

6 "lastUpdated": "2019-03-04T17:05:53.662+01:00"
7 1,

8 "status": "registered",

0 "code": {

10 "coding": [

1 {

12 "system": "SNOMED CT",

13 "code": "248263006",

14 "display": "Sleep Duration"
15 }

16 ]

17 1,

18 "subject": {

19 "reference": "Patient/2"

20 1,

21 "effectiveDateTime": "2018-06-03",
22 "valueQuantity": {

23 "value": 6,

24 "unit": "h",

25 "system": "http://unitsofmeasure.org",
26 "code": "h"

27 }

28 }

Figure 4.4: FExample of a HL.7 FHIR Observation resource measuring a patients sleep
duration for one night

cause the average score for this category to be lower. We could also expect
different patients to have different problems, represented by differing answering
patterns. While none of these properties were accounted for in the generated
data, some trend and change in variance is beneficial for demonstrating how
these phenomena would impact the visualizations.

4.5 Status variables

The artifact presents both visual elements and status variables to provide the
therapists with decision support. Section 3 presented the visualizations. This
section will present how the status variables for decision support are calculated.

Status variables are calculated for each patient in the Master View. The
variables are represented as strings, and are calculated based on the content of
the patients QuestionnaireResponse resources. The variables are expressed as
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”"Time spent in program”, ”Progression”, ”Flags”, ”Warnings” and ” Urgency
score” in the GUI of the artifact. A column for ” Last checked” is also presented
for each patient, describing when the therapist last looked at the patient. As
this variable is dependent only on the therapist, it is not calculated based on
the QuestionnaireResponse resources.

Interpretation of the answers to a mental health screening questionnaire can
not be performed in a generic fashion towards all questionnaires. Even though
the questionnaires follow the patterns outlined in section 3.3, the methods used
for interpreting the results wary between questionnaires. As an example we
can consider the MADRS and PHQ-9 questionnaires. An answer sum of 20 in
MADRS entails "possible or mild depression” [61]. In the PHQ-9 questionnaire,
a sum of 20 is considered severe depression [21]. This is a simple example, and
there exist other methods for interpretation. Another example is interpreting
the answer differently depending on the which question was answered, which is
done in the MADRS questionnaire for the suicidality question.

As a solution to not having a single method for interpreting Questionnair-
eResponse resources, we provide a fast way to tailor the application towards
any iCBT programme. By using the interfaces shown below, functions can be
created to interpret the results of any standardized questionnaire. All neces-
sary information for these functions is available in the list of QuestionnaireRe-
sponse objects. Default implementations are included in the artifact, based on
the MADRS questionnaire. Replacing the functions will require programming
skills, but will not require understanding of the artifact beyond the interfaces.

4.5.1 Replaceable functions

The artifact supports any functions implementing the interfaces below, to cal-
culate the status variables. These functions should be tailored to the iCBT at
hand, with the cooperation of therapists in order to provide optimal results.
The following list provides a description of the status variables that needs to be
tuned to the treatment:

e The warning variable should only trigger for patients who require urgent
attention, and provide some short description on why. As these functions
actively suggests patients to prioritize, this is possibly the most important
status variable. The implementation of the function calculating these
variables should be understandable for the therapists. If the therapist
knows the limitations of the warnings, they are better suited to make
decisions on how to apply the presented information.

e The progression variable should provide some overall measure of how the
patient is progressing, based on the data in the QuestionnaireResponse
resources. In order to provide a chart of the overall state of the patient
population, the possible strings for the progression variable are limited to
”improving”, ”steady” and ”declining”.

e The flag variable acts as a more generic variable which can be tailored
to the iCBT situation. As the concept of flags is very versatile in this
setting, there are multiple options for how to tailor these to a specific
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treatment. Some examples of potentially useful functions for flag variables
are provided at the end of this section.

e The urgency score variable provides a way for therapists to automatically
rank patients based on their need for care, similarly to triage. This func-
tion is probably the hardest to implement correctly in practice. Correctly
estimating each patients urgency might also require more data than just
information from questionnaires. The default function implemented in
the artifact displays the latest MADRS sum. Assuming the urgency score
can be calculated with a satisfactory degree of accuracy, this variable can
enhance therapist workflow. The possibility of sorting the table in the
Master View on this variable provides the therapist with an option to as-
sist the most urgent patients first. The goal of this variable is presenting
the urgency information in advance, compared having it after processing
each patient.

The ”Time spent in program” variable is calculated as max time elapsed since
any QuestionnaireResponse resource was authored, for each patient. Replacing
the default functions will require changing one line of code, excluding the code
required for the new function. As the status variables are calculated on the
application server, the functions are currently limited to C#. The functions
for calculating the variables are represented as methods on C# objects. The
interfaces for these objects are displayed in figure 4.5.

public enum ProgressionRepresentation{ improving, steady,
declining, blank, error };

public interface IAggregationFunction{
ProgressionRepresentation aggregate(List<QuestionnaireResponse> QRs);

}

public interface IFlagFunction{
List<string> calculateFlag(List<QuestionnaireResponse> QRs);

public interface IWarningFunction{
List<string> calculateWarning(List<QuestionnaireResponse> QRs);

public interface IUrgencyScoreFunction{
int calculateUrgency(List<QuestionnaireResponse> QRs);

Figure 4.5: The interfaces provided for calculating status variables

The input of the functions is the full list of QuestionnaireResponse resources
for a patient. The ”blank” field of the ProgressionRepresentation enum is dis-
played in the GUI as the empty string. This is intended for patients with
insufficient data. The “error” field can be used for development purposes. The
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possible strings for the progression variables are restricted to the fields in the
enum to enable color coding of the pie chart in the Master View.

The flag function provides a way to incorporate any relevant information in
the patient table. Examples of potential use cases:

e Predictive analytics: As the list of QuestionnaireResponse resources in-
cludes all the previously recorded answers to questionnaires for the pa-
tient, a pattern-recognition algorithm could be plugged in here to flag
potentially interesting patients. Predictive analytics has previously not
been used much in clinical dashboards [38], and this could be interesting
to further investigate. This concept could also be applied to other fea-
tures of the dashboard. Combining predictive- and visual analytics could
for example enable therapists to see forecasts for patient progression.

e Sudden changes: Large delta values between the latest two data points
could warrant therapist attention. The current default flag function does
this for the MADRS questionnaire. Specifically, the category of the largest
delta subject to delta > 2 is is returned. This threshold is probably too
low for use in practice, but demonstrates how flags can be presented in
the artifact.

4.6 Scalability

As one of the objectives of the research was to assist therapists in treating more
patients, discussing scalability is relevant. We can consider scalability in terms
of number of therapists, number of patients per therapist, and data points per
patient. The design considerations has been described in previous sections. The
following sections will discuss the technical scalability of the artifact.

As the resources used in the artifact were generated, we were able to simu-
late scaling by generating more data. The final version is designed to support
hundreds of patients per therapist. The exact amount will depend on server
hardware. The artifact functions without any user experienced latency due to
data processing, at the scale of & 150 patients with ~ 200 average resources per
patient, running on a laptop. This is discussed further in section 5.2.

Throughout the development process, the resource server contained approx-
imately the same amount of resources. There were no noticeable performance
problems initially. As more features were added, latency problems were no-
ticed. The main performance bottleneck was identified to be interaction with
the FHIR server, where retrieving the resources for one patient could take mul-
tiple seconds. The introduction of the status variables (described in section 4.5)
lead to considerable user-experienced latency, as a large amount of resources
were required to calculate these variables. As the latency from loading the Mas-
ter View exceeded a reasonable threshold (2-3 seconds), some steps were taken
to pre-calculate, cache, and optimize the calculations. The goal was for the
processing time to not affect user experience.
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4.6.1 Scaling measures to improve user-experienced latency

Initially, the application server retrieved all relevant resources from the FHIR
server on every request. This approach proved infeasible when several seconds
were required to load the main page. Caching the resources in the database
of the web server was the first optimization measure. This provided a slight
performance increase averaged over multiple users, but user experience was still
impacted significantly. As common use cases for the artifact entail a low amount
of users, the cached entries would be out of date often enough for users to notice
performance problems.

During this optimization process, we identified HAPI JPA paging as one of
the performance problems. The default configurations for the resource server is
to return pages of max 10 resources on a search. The effects of this is described
in section 5.2. We disabled this feature for faster development. As other FHIR
servers might use paging, it is still supported in the artifact.

For the second optimization measure, the logic for processing the bulk of the
resources were separated from the logic called on requests. This process could
then be scheduled to run at fixed intervals, resulting in pre-calculated data being
available for the views. This approach led to the user not noticing any latency
when using the artifact.

The optimization measures for the artifact solved the problem of user expe-
rienced latency. Other measures are available for further optimization. These
were not explored further in the artifact, as the implemented measures achieved
satisfactory performance. Even though these options were not implemented,
they can be discussed based on the findings in the design process.

As the user experience is fluid with the optimization measures mentioned
above, further measures considers optimizing the update process. As described
in section 5.2 loading all the required FHIR resources for updating the data
takes a significant amount of time. An empirical test, described in section 4.6.1,
measured a run time of ~ 10 minutes for executing the update process once.
Given similar runtime on a server, a possible interval for updates could be every
hour.

4.6.2 Possible scaling measures to improve update time

The following optimization measures have not been implemented in the proto-
type, but present natural steps to take for further optimization of the dashboard
application. The measures taken in in section 4.6.1 enables the dashboard to
scale well enough for use at the current iCBT scale. Further optimization is
possible, but given limited development time, we did not implement them in
the artifact.

FHIR Subscription [77] offers significant potential for optimization. Storing
the data in an efficient format in the database would also help this approach.
FHIR Subscription would enable the artifact to receive new resources when
they are posted to the resource server. The resources could such be stored in
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the database of the application server, and processed at regular intervals. This
approach would eliminate the impact of network latency, due to the callback
nature of the Subscription. An argument could also be made for processing each
resource every time the FHIR Subscription returned a resource. This could be
possible, but would lead to increased computations if multiple QuestionnaireRe-
sponse resources were received for the patient over the update interval. Using
FHIR Subscription would also reduce the load on the resource server, which
could be beneficial if this server interacts with multiple applications.

An optional approach to using FHIR Subscription could be to request re-
sources based on date/time. This method implies querying the database of the
web server for the date of each resource type, every update. The query would
need to find the latest date for each resource type, for every patient, at every up-
date. This method would provide a similar performance improvement compared
to FHIR Subscription, but is potentially harder to implement. Finding the latest
date for each resource type would either require a substantial amount of extra
database operations, or organization of the database structure to efficiently find
these dates. For the same comparable efficiency to FHIR Subscription, the dates
would need to be retrievable in constant time.

Requesting new resources based on date was initially implemented for the
artifact, but without optimizing storage format and database structure only
minor improvements were observed. With a naive database structure, getting
the latest date for each resource type for each patient requires checking all
resources in the database. FHIR Subscription provides the performance benefits
regardless of database structure, which indicates it might be a better solution.

The previously mentioned measures to scale the application with respect to
update time were focused on reducing the amount of resources sent over the
network. Another possible measure for achieving this could be to make the
requests from the application server asynchronous. This could also be combined
with the date filter method. Using asynchronous methods to make the requests
would mitigate the effects of network latency, but would also add complexity to
the code. Asynchronous requests would not solve the issues related to paging,
as the links to the next page is returned with responses.

Other alternatives for optimizing performance could be to modify the resource
server. As the artifact was made to be compatible with existing FHIR servers
this was not explored beyond disabling paging on the HAPI JPA server. For
applications requiring especially large volumes of data, however, this might be
necessary.

Extra considerations could be required if the resource server is shared be-
tween many heterogeneous client applications. In this situation, there is likely
an abundance of resources which are irrelevant to the artifact. Making more
specific queries could be a possible remedy for this problem. The filtering of
resources could then be done on the resource server, rather than the web server.
Another possible solution for dealing with too much response data could be to
use GraphQL [78]. GraphQL provides methods for dealing with large objects
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containing little useful information. Implementing this would, however, require
substantial changes of the source code, and was not done in the artifact.

4.7 Security considerations

As the objectives and research questions of the design science research does
not consider security, this has not been implemented in the artifact. For the
artifact to be used in a real setting, security would need to be implemented
first, as medical data is sensitive. Some thoughts about how this can be done
are presented here.

In a practical setting, a security protocol should be implemented on the re-
source server. This could further be layered with security on the web server
of the dashboard. As therapists in practice might not have access to the same
patients, the therapists security principals have to be mapped to their patients.
This could in theory be performed either on the resource server or the web
server, or both. As the artifact processes all the patients in one batch, mapping
the therapists to their patients is probably easiest achieved on the web server.

In order not to interrupt the workflow of the therapists, it would be beneficial
for the application to have external authentication, for example OAuth. If
therapists can log in with the same credentials as on their other systems, this
would make the system easier to access. Depending on the environment for
deployment, this authentication could possibly be automatic when the therapist
logs on to the computer.
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5 Demonstration and Evaluation

Evaluation of the artifact is an essential part of design science research. Peffers
et. al. prescribes demonstration and evaluation of the artifact as the fourth and
fifth activities of design science research [14]. These activities are related, as
the evaluation of the artifact depends on the results observed from the demon-
stration. During evaluation, the observations from the demonstration should be
compared to the objectives for a solution.

The demonstration activity was done by presenting a running version of the
artifact for two experts in psychology and psychiatry. The artifact was then eval-
uated through a semi-structured interview with these experts. Following this,
the technical scalability of the artifact is evaluated through empirical measure-
ments of run time. Lastly, we evaluate how the artifact compares to dashboard
design guidelines from a meta study on clinical dashboards.

5.1 User evaluation through tests and semi-structured in-
terviews

As the objectives of the artifact take a qualitative nature, semi-structured inter-
views were used to gather qualitative data about the design. While qualitative
research methods originate in sociology and anthropology, they have also been
applied in the software engineering domain to gather qualitative data [79]. Us-
ing interviews is beneficial for collecting data which cannot be obtained using
quantitative methods [79].

We performed the interviews with two experts in psychology and psychiatry.
Semi-structured interviews were chosen because we only expected to have the
opportunity to interview each expert once, and because we only had two inter-
viewees. This interview format enables the interviewees to provide any relevant
information, and not just answers to the questions. One of the experts has
practical experience from working in iCBT. Ideally we would have conducted
the interviews with more experts, but given the time frame and scope of the
project, we were able to recruit two qualified experts. Figure 5.1 shows the
interview setup. The interviews were structured as following:

1. A short presentation of the artifact. This consisted of a brief explanation
of the artifacts features.

2. Next, the interviewee would test the artifact while presenting his/her opin-
ions underway.

3. After testing the application, the interviewees were asked the questions
presented in Appendix A. These questions take an open ended form, and
they are meant to provide more information than general usability. As
the interviewees were experts, the questions were formed to gather the
necessary information to evaluate the artifact and gain qualitative data
towards answering the research questions.

The first two parts of the interviews entail the demonstration activity of
design science.
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Figure 5.1: Interview setup

The qualitative data obtained in the interviews were used both to evaluate the
design science artifact, and to gain insight into further work for data analytics
in iCBT. The interviews helped determine which features of the artifact were
useful for guided iCBT, as well as which additional features could be useful.
This provided us with qualitative data which can be used to answer the research
questions. Most of the additional features identified in the interviews fall outside
of the scope of the artifact presented in this thesis, and is mentioned under
further work in section 7.2.

5.1.1 Interview results

The interviews were recorded on video, and then transcribed. Interviewee 1
is a psychiatrist with experience providing guided iCBT. Interviewee 2 is a
researcher and full professor with a background in psychology. As interviewee
2 has limited experience with iCBT, questions 12 and 16 were skipped during
the second interview.

During the first two phases of the interview, we observed some confusion
towards certain parts of the user interface. Interviewee 1 was initially con-
fused by what happened when various things were clicked. In the Detail View
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specifically, how to open/select charts was a point of confusion. Interviewee
2 expressed confusion about which patients were considered by the pie chart.
Both of the interviewees understood how the application worked after testing
it further. A summary of the answers to all questions in the interviews are
presented in appendix A.

Overall, the experts expressed positive opinions about the presented function-
ality. Multiple new features were identified as requirements for use in practice.
As these features fall outside of the scope of the project, they are further dis-
cussed in section 7.2. Many features of the application was pointed out as useful.
Furthermore, potential benefits of the displayed functionality was highlighted.
These are discussed further in section 6.

5.2 Scalability measurements for evaluating system per-
formance

This section will present measurements of system performance. Through the
interpretation of these measurements, the main performance bottlenecks will be
identified, and the consequences of these discussed. All measurements presented
in this section consider update time as described in section 4.6. The therapists
using the dashboard will not experience any latency, due to the measures de-
scribed in section 4.6.1.

In order to gain a detailed view of how the application scales with respect to
the amount of data points, C# methods in the artifact were timed during the
update. The empirical measurements show that interaction with the resource
server is responsible for the majority of latency. The functions were logged
through the use of the C# Stopwatch class [80]. The measurement accuracy can
be affected slightly by other processes running on the computer. The experiment
was run twice with the same resources, to observe the effect of resource server

paging.

For the experiment, the HAPI JPA reference implementation cloned in Novem-
ber 2018 was used. The Apache Tomcat [81] application server, version 7.0.90
was used for running the FHIR server. The specifications of the laptop used to
run the experiment were the following:

e Operating System: Microsoft Windows 10 Home

e Processor: Intel Core i7-6700HQ CPU @ 2.60GHz, 2601 Mhz, 4 Core, 8
Logical Processor

e RAM: 16 GB

When performing the measurements for the single patients, the code for re-
trieving the FHIR resources (Observation, QuestionnaireResponse, Question-
naire) only includes the time for making requests to the resource server, and
for assembling the list of resources. For the measurements of higher abstraction
level methods, displayed in tables 5.3 and 5.5, other server code has an effect on
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the run time. Examples of such code would be running the status variable calcu-
lations, format wrangling, and database operations. The measurement for one
patient’s QuestionnaireResponse resources were performed with the following
code:

stopwatch.Start () ;

List<QuestionnaireResponse> QRs = new List<QuestionnaireResponse>();

Bundle results = client.Search<QuestionnaireResponse>(new string[] {
"subject=Patient/" + id });

while (results '= null){
foreach (var entry in results.Entry){
QuestionnaireResponse QR =
(QuestionnaireResponse)entry.Resource;
QRs.Add(QR);
}
results = client.Continue(results);
}
stopwatch.Stop();

Figure 5.2: Code snippet for requesting all QuestionnaireResponse resources for one
patient

Similar code is used to measure the run time for retrieving the other resource
types for each patient. The code snippet in figure 5.2 retrieves and unpacks the
QuestionnaireResponse resources for one patient and loops through all pages if
paging is enabled. The elapsed time between ”stopwatch.Start()” and ”stop-
watch.Stop()” corresponds to the QuestionnaireResponse rows in tables 5.2 and
5.4. As such, the latency induced by REST and the deserialization with the
C# FHIR client [69] is included in the measurement. Using the while loop to
handle paging is the prescribed method in the official documentation for the
.Net FHIR library [82].

For the experiment, we used 147 generated patients with their corresponding
data, as described in 4.4. Table 5.1 shows the amount of resources retrieved
for one update. All resources were retrieved once, except the Questionnaire
resources. The implementation of the prototype requires the QuestionnaireRe-
sponse resources before requesting the Questionnaire resources. Consequently,
additional logic is required in order to not request each Questionnaire more than
once. This would provide a minor improvement to update time, but is not im-
plemented in the final artifact. The other resources in table 5.1 were requested
once per resource.

Total | QuestionnaireResponse | Observations | Questionnaire | Patient
22023 | 7705 14024 294 147

Table 5.1: Total resources retrieved in one update
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All functions measured here runs on a scheduled server process, as described
in sections 4.1 and 4.6. For the user, all interactions with the server will happen
close to instantly. When performing the measurements, the application server
and the resource server were running on the same computer. This might not
be the case in a real situation, which could lead to a longer run time due
to network latency. The following tables show the measured run time of the
functions considering FHIR resources:

1 time | o time | p resource count | o resource count
Observations 0.90s 2.48s 95.40 163.29
QuestionnaireResponses | 0.34s 0.10s 52.41 23.92
Questionnaires 0.41s 0.04s 2.00 0.00
Total patient 3.05s 3.21s 149.81 166.71

Table 5.2: Single patient measurements

process runtime

Get all patients

4.79s

Update all QRs 86.64s
Calculate functions | 0.05s
Complete update 541.10s

Table 5.3: Measurements across all patients

The effect of paging can be observed through all operations interacting with
the resource server except for Questionnaires. This resource type is unaffected
as only two questionnaire resources are requested per patient, and this is be-
low the page cap. These questionnaires are also requested in sequence, which
explains why Questionnaires takes more time than QuestionnaireResponses in
table 5.2. By enabling paging on the resource server, the run time of the update
process increased by & 347 seconds, equivalent to 56%. From the runtime mea-
surements, we can also observe that the time required to calculate the models
for the Master View takes ~ 50 milliseconds.

j time | o time | p resource count | o resource count
Observations 2.42s 4.01s 95.40 163.29
QuestionnaireResponses | 1.22s 0.52s 52.41 23.92
Questionnaires 0.41s 0.04s 2.00 0.00
Total patient 4.52s 4.69s 149.81 166.71

Table 5.4: Single patient measurements, with paging
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process runtime
Get all patients 6.34s

Update all QRs 216.05s
Calculate functions | 0.04s

Complete update 888.39s

Table 5.5: Measurements across all patients, with paging

As the Master View of the dashboard requires all QuestionnaireResponse
resources from all the patients, calculating all the status variables will take
multiple seconds even with a small amount of patients. As displayed in tables
5.3 and 5.5, the calculations does not take a significant amount of time, but the
overall process takes multiple minutes in this experiment. Requesting all the
data from the resource server on each request to the application server would
require a long waiting time for the user, and would also not scale well with the
amount of therapists. This flow could for example be the case when performing
all calculations on the client with JavaScript. While this approach could be
acceptable for other types of applications, we have shown that this is inefficient
for dashboard applications which requires a large amount of data.

5.3 Heuristic evaluation with dashboard design guidelines

At the initial stages of designing the artifact, we reviewed the literature to iden-
tify appropriate methods for presenting the data. Section 2.5 presented the spe-
cific systems identified during this review. Meta studies on clinical dashboards
were also identified, among them Khairat et. al. [44]. This study presents
10 guidelines to aid development, testing and implementation of clinical dash-
boards. While the ICU setting is mentioned specifically in the background
section of this article, the literature review considers any healthcare setting.
The guidelines presented by Khairat et. al. were used to guide the design of the
artifact. In this section we will discuss how the design science artifact conforms
to these guidelines.

G1: Apply realistic techniques to enhance mapping of data elements
to visual objects.

The interactive spider chart is the only novel visualization in the artifact.
As the other charts can be considered common visualizations, we regard these
techniques as realistic. During the user tests described in section 5.1, none of the
interviewees indicated confusion towards the charts in the Detail View. There
were some initial confusion about which patients were shown in the charts of
the Master View. Both interviewees indicated that the interactive spider chart
was useful, and that a spider chart is appropriate for visualizing the screening
questionnaires.

G2: Minimize user actions to accomplish a goal.
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This guideline was central for the artifacts design. As the artifact is designed
to conform to Shneiderman’s mantra [48], the process of reaching any view state
will consist of tunnelling down, or going back up. The decision to persist the
selection of charts for each patient further contributes to this guideline. As a
therapist will not need to re-select all the relevant charts each time a patient is
clicked, this reduces the amount of required user actions.

G3: Provide flexibility in the ways to achieve the same goal.

As the artifact is designed to facilitate analytics, the users can choose between
multiple options for what to do at any time. We can provide two examples to
illustrate this:

e Goal: Find out if a patient has improved or declined on the ”reduced sleep”
category of MADRS. This can be achieved in two ways. After opening
the interactive spider chart for the patient in question, the therapist can
slide the mouse over the line chart to observe change in the spider chart.
Alternatively, the axis for reduced sleep can be clicked to see the data
points in this category as a line chart.

e Goal: Find the group of patients with declining total MADRS score. The
table in the Master View can be sorted to display this group of patients
on the top. This can be achieved either through clicking the red slice of
the pie chart, or through clicking the ”Progression” column in the table.

G4: Provide functionality to represent additional information.

The therapist has a high degree of control over which information is shown on
the dashboard. A therapist can choose which observations are displayed in the
Detail View. Similarly, she has the option to select relevant axes of the spider
chart as described in guideline three.

G5: Spatially organize the visual layout.

The bootstrap grid system [83] is applied to the GUI in the Detail View in
order to ensure vertical alignment of the visual elements. This view is first split
vertically in in halves. The right side of the view is reserved for line charts. The
left side is further split vertically, below the name of the patient. Overall, this
divides the view into three columns of visual elements, where the elements in
one column represents one functionality.

The Master View is organized with the most important information on the top
of the view. The number of patients could potentially grow to extend the view
multiple times. Displaying the visualizations on top, and providing methods for
placing relevant patients on top of the table enables the therapist to maintain
an overview of a larger patient population.

G6: Consistently apply design choices.
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Color coding for the visual elements is applied carefully throughout the ar-
tifact. The color red is only used to indicate problematic patients in the pie
chart. Similarly, green is only used to indicate something going well. The de-
fault neutral color is blue (steel blue) for both views. The buttons used in the
artifact also have the same theme and similar coloring.

GT7: Place minimal cognitive load on the user.

The cognitive load will depend on the goal of the therapist. If a therapist
wants to compare patients at a detailed level, the application currently does
not support this well. When comparing data for a single patient, however, all
necessary information is available through one view. The artifact also presents
a high level overview of the group of patients in the Master View. Compared
to the current systems in eMeistring, as described in question 4 of Appendix A,
this is a significant improvement.

G8: Provide users with information on alternatives when several
actions are available.

The artifact does not fulfill this guideline. Ideally, with more development
time, implementing info buttons could have helped users understand the options
better.

G9: Remove extraneous or distracting information.

Everything displayed in the GUI of the artifact fulfills a function. The users
have a high degree of control over which data is displayed. In the Detail View,
therapists can control which data types they are interested in, with the exception
of the background information. For the Master View, enabling the users to
select the data in a similar manner could be beneficial, as presented in the
second interview.

G10: Consider means to reduce the data set.

The artifact does not display any means. This could potentially have been
beneficial for the numerical variables displayed in the master view (Urgency
score, Time spent in program). Other techniques are applied to reduce the
data set for other variables. The pie chart reduces the categorical progression
variables for all patients to three percentage values. Similarly, sums are used to
reduce the questionnaire data in the Detail View, with the details on demand
in the interactive spider charts.
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6 Findings and Discussion

Hevner et. al [15] describes guidelines for design science research. The presented
framework specifies how design science should both solve problems in the artifact
domain, as well as provide research contributions in the form of additions to the
knowledge base. In this section we will recap the contributions produced by the
design science research process, both towards the knowledge base and the iCBT
domain.

6.1 Contributions to the knowledge base and answers to
the research questions

The contributions to the knowledge base considers the new information discov-
ered throughout the design process. To a large degree, this information overlaps
with the answers to the research questions. Presented below is the answers to
the research questions, as well as a discussion about which new knowledge was
discovered.

RQ1: What data representation of mental health data in iCBT can
facilitate analytics?

During the semi-structured interviews, both interviewees expressed that the
data in the artifact was useful, although they would require more parameters
for practical use. Some of the discussed data types were qualitative in nature,
but multiple quantitative measurements were also mentioned. Of the quanti-
tative measurements, both experts mentioned questionnaires and physiological
measurements. The artifact presents ways to store, process and visualize both
of these data types.

Other data types were also mentioned, such as life events and messages. As
these data types can not be represented as numerical or ordinal data they fall
outside of the scope for the artifact, but would be useful to consider for further
research. The modules/exercises were also discussed. Unpacking the currently
text-based modules into structured data types for presentation is a large but
useful task, which can be researched further.

Considering the psychometric evaluation screenings, we identified the patterns
described in section 3.3. Storing of these questionnaires in FHIR format is ben-
eficial for system interoperability, as well as for further processing. Examples of
how to generate and process these resources have been presented. Furthermore,
we represent the psychometric screening questionnaires over time as unevenly
spaced multidimensional time series. Through this representation, methods for
visualizing multidimensional data can be applied to present these series.

For visualization of physiological measurements, a similar approach as to the
questionnaires can be applied. Unless the data has high velocity, each data point
can be represented by the Observation resource. The Observations can further
be converted to single dimensional time series. If the physiological measurements
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are single dimensional (e.g. not blood pressure), they can be presented in the
same way as aggregates over questionnaires.

RQ2: Using the data representation from RQ1, how can the data
be visualized for therapists to gain actionable insights into the state
of a single patient, or a population of patients?

The answer to this research question can be divided into an answer for the pa-
tient group, and an answer for the single patient. The artifact presents examples
for visualizing data for both the single patient and a group of patients.

Considering the single patient, we have provided examples of how visual-
izations can be applied to the data from RQ1. For any series of numerical
observations available for a patient, regular line charts are appropriate visual-
izations. The option for the therapist to select which measurements should be
displayed for the single patient was determined to be useful by the experts we
interviewed. For the screening questionnaire data, both experts indicated that
the line charts with the sum over the answers were useful presentations. Both
experts also indicated that these charts could be used by a therapist to make
decisions.

Additionally for the single patient, we developed an interactive spider chart
to visualize the patient filled screening questionnaires in the form of multidi-
mensional time series. The interactive spider chart was determined to be a
useful representation of the questionnaire data by both interviewees. This vi-
sualization can provide the therapist with fast overview, and can give a full
presentation of the data within the series of screening data. To our knowl-
edge, this interactive visualization method has previously not been applied for
visualizing multidimensional time series.

For the patient population, we developed a pie chart dividing patients into
three categories depending on their symptom progression, measured by the
screening questionnaires. Both interviewees indicated that the pie chart was
useful. Interviewee 2 indicated this visualization could be useful for comparing
sub-populations.

RQ3: How can decision support functionality be implemented to
assist therapists in understanding each patients required urgency of
treatment in a population of patients, based on the data from RQ1?

In order to provide an overview of the patient population, we implemented
a set of status variables for each patient. The variables presented in the arti-
fact are: "Time spent in program”, ”Flags”, " Progression”, ” Warnings”, ” Last
Checked” and ”Urgency Score”. These were described in detail in section 4.5.
The variables can be displayed in a table to gain a fast overview of a small
to medium patient group. By implementing functionality for filtering, sorting
and searching the table, overview can be gained for a larger patient group. By
further applying interactive visualizations to these variables, functionality for
visual analytics can be provided.
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The status variables are calculated based on self-reported values from the
screening questionnaires for each patient. Both interviewees indicated that the
status variables were useful, and suggested additional variables to be displayed
for each patient. The status variables follow simple interfaces outlined in section
4.5.1, and are easily adaptable to different iCBT treatments.

RQ4: How will a dashboard implementing the techniques from RQ2
and RQ3 scale when using the HL7 FHIR format for medical inter-
operability?

The steps taken to scale the application to more patients per therapist with
respect to the GUI has been described above. The findings with respect to
performance are presented here. As dashboard applications considers a multi-
tude of data points per patient, considering scalability is relevant in order for
performance issues not to negatively impact user experience.

Scalability considers how the system’s performance scales with respect to the
amount of therapists, patients, and resources. We found the HAPI JPA reference
implementation of the HL.7 FHIR DSTU3 standard not to scale well with regard
to this, as described in section 5.2. While this particular implementation does
not scale well, this is not necessarily an indication of the HL7 FHIR standard
not scaling. We present several possible measures to consider for dealing with
the scalability problems in section 4.6. The HL7 FHIR standard provides many
positive properties, such as system interoperability and a common interface
towards the data. As the performance problems can be dealt with, the benefits
of using the FHIR standard outweighs the extra efforts required for optimizing
performance.

6.2 Contributions to the domain

The artifact provides solutions to relevant problems in iCBT. We designed the
design science artifact with the goals of solving current problems discovered in
practical iCBT. Through evaluation by experts in psychology and psychiatry,
the artifact was determined to provide solutions which would be beneficial for
guided iCBT in practice. Within the scope of this project, as outlined in section
1.3.3, the artifact displays satisfactory results.

Expert evaluation identified the functionality of the artifact as useful for both
current iCBT as well as potentially regular CBT. The development of the ar-
tifact was motivated by real clinical needs within guided iCBT. Through the
development and evaluation of the artifact, the following problems and solutions
were identified.

e Status variables for a group of patients were identified to be useful for
gaining an overview of a group of patients in iCBT.

e Visualizing quantitative measurements for patients can enable therapists
to faster gain an overview of their patients.

e Additional tools for comparing patient sub-groups can be beneficial.
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While not entirely unknown previously, it is also worth mentioning the im-
portance of further structuring the data in iCBT to enable analytics. Specifically
important is the content of the treatment modules and patient filled exercises.
There is a lot of useful information in these modules, but currently free text is
the main way to represent the answers to the exercises.

6.3 Validity

Internal and external validity of research is most clearly defined in studies ap-
plying statistics. Lukyanenko et. al. [84] addresses validity of IS design science
research through instantiation validity. Instantiation validity ”refer[s] to the
validity of IT aritfacts as instantiations of theoretical constructs”. The article
discusses the lack of guidelines in available in the literature for demonstrating
the validity of design science research. Several threats to the instantiation valid-
ity inherent to the design of software systems are presented. Examples of these
threats are:

e Instantiation space: The set of possible variations in the features of
software.

o Artifact complexity: Software often requires additional properties in
order to test one feature. The article presents the example of user interface
design often requiring realistic data for the user to interact with.

e Artifact cost: Designing a software artifact is an expensive process. A
consequence of this is that often researchers can only develop one artifact,
resulting in comparison between multiple potential solutions not being an
option.

Lukyanenko et. al presents additional threats, and concludes that further
research is required on developing guidelines for IS research to mitigate these
threats. Hevner et. al. [15] discusses validity in terms of research rigor. The
article presents the following view: ”[...] rigor is derived from the effective use
of the knowledge base-theoretical foundations and research methodologies. Suc-
cess is predicated on the researcher’s skilled selection of appropriate techniques
to develop or construct a theory or artifact”. Based on the articles [84][15] pre-
sented in this section, giving a precise answer about the validity of the design
science research is not feasible. Below, we will argue how the techniques applied
during the research process enhanced the validity of the design science research
project. Because of the nature of the design science research, we will apply the
terms internal and external validity in a more general sense.

6.3.1 Internal validity

The user evaluation through the tests and semi-structured interviews identified
that the research presents acceptable solutions to problems in one case of iCBT.
During these interviews, the artifact was mainly compared to the eMeistring
treatment programme. The techniques presented by the artifact was well re-
ceived by the experts, as presented in section 5.1 and Appendix A. Testing the
artifact in a practical setting would be beneficial in order to give a more definite
answer on the applicability of the artifact to eMeistring.
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6.3.2 External validity

In this section we will describe the artifacts ability to extend beyond the case
of eMeistring. The goal of the design science research was to solve relevant
problems in iCBT. As such, we will consider the artifacts applicability towards
other iCBT programmes.

The dashboard design guidelines presented in section 5.3 considers any med-
ical dashboard application. The artifact mainly conforms to these guidelines,
which indicates the artifact could be extended to situations beyond the eMeistring
case. The use of the HL7 FHIR standard ensures the data considered by the
artifact has a general nature. The design science research of this thesis considers
visualization of questionnaires, and numerical observations. As these data types
are relatively generic, the artifact is likely adaptable to other iCBT situations.
The constraints on eligible questionnaires, outlined in section 3.3, are fulfilled
for most standardized questionnaires used for iCBT. All the questionnaires men-
tioned in table 2.1 with psychometric properties follow these constraints. We
have not been able to identify any standardized mental health screening ques-
tionnaires not conforming to the first two constraints in section 3.3, and the
third constraint is optional for use in the artifact, although it is recommended.

Multiple additional required features were identified during the evaluation of
the artifact. As different iCBT treatment programmes have differing nature,
one generic approach can not be expected to solve all problems in this domain.
Considering the features implemented in this research project, we argue that
these features has the potential to be extended beyond the case of eMeistring.

6.4 Reflection over tools and frameworks

The tools used in the artifact changed throughout the development of the design
artifact. A description of the tools and why we chose them is given in sections 4.1
and 4.2. Most of the tools worked reasonably well for their intended purpose in
the artifact. This section will present some of the issues identified with the tools,
as well as general thoughts about each tool. The tools are grouped somewhat
more compactly than in sections 4.1 and 4.2, as some of the findings are shared
across multiple tools.

e Matplotlib, Seaborn and Dash: These tools provided the expected
functionality. As described in section 4.1, the tools allowed us to get a
rapid first prototype. This was useful in order to further plan the design
and development of the artifact. We, however, do not recommend using
these tools for a fully developed production web-app.

e SMART on FHIR JavaScript and Python clients: Both of these
libraries are popular FHIR client implementations for their respective lan-
guages. As SMART on FHIR focuses on providing security, and we did
not use this functionality in the artifact, we can only present insight into
some aspects of the libraries. Our main impressions of the libraries con-
siders the lack of documentation. Some simple tutorials are available on
the SMART on FHIR website [56], but these only provide basic exam-
ples. Apart from this, we could only find auto generated documentation
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with limited usefulness. As such, we found it necessary to read the source
code of the libraries in order to perform certain operations. The lack of
documentation can be attributed to the tools being fairly new.

ASP .NET MVC: This heavyweight web framework provided a lot of
options. We were only able to utilize a small fraction of the potential func-
tionality available in the .NET frameworks. The general MVC structure,
and ease of extensibility was useful when designing the artifact. In hind-
sight, maybe a lighter framework would have been better suited for the
artifact, but ASP MVC provides a good foundation for a larger project.

MongoDB: Due to the heavy use of FHIR resources in the artifact, Mon-
goDB worked quite well. The document based database worked well both
for the initial caching of FHIR resources, and the eventual storing of the
models. Being able to store models in a format which can be serialized to
JavaScript objects was also useful. We noticed one problem with this ap-
proach, when using the MongoDB C# driver [73] in conjunction with the
C# FHIR client [69]. When retrieving resources from the FHIR server, the
C# FHIR client would deserialize these to C# objects. This is necessary
in order to manipulate these objects on the applications server. However,
when storing these objects in MongoDB, the BSON would include nulls
and empty lists for all the empty fields in the resource. The MongoDB
C# driver does not have any good methods for fixing this problem glob-
ally, as far as we could find. The issue is described in detail in the official
MongoDB Jira [85]. In practice, this problem had no effect on the logic
for storing and retrieving the resources in the artifact, and only impacted
the required size for storing the BSON.

HAPI JPA: The scalability problems of the HAPI JPA Java reference
implementation of FHIR is discussed thoroughly in sections 4.6 and 5.2.
For use cases requiring a small volume of transmitted resources, the HAPI
JPA implementation is an acceptable solution. Setting up the resource
server was fast, and relatively unproblematic. For larger scale projects,
we recommend modifying the server or using another implementation.

Synthea: The Synthea Patient Generator provided a good starting point
for patient resources. The generated resources has a general nature, and
did not fulfill all our requirements for resources. This is mainly due to our
use case being very specific. For getting started with FHIR, the generated
resources provided a good baseline.

Highcharts and D3: Both of the JavaScript based visualization libraries
provided high quality solutions for the prototype. Highcharts provided
out of the box solutions, and D3 a high degree of customizability. Both li-
braries are well documented and commonly used. No significant problems
were encountered when using these libraries, and we recommend using
them for any data visualization project. If the non-commercial clause of
Highcharts is a problem, the Plotly.js library [86] provides similar solu-
tions.
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Some of the tools worked better than others, but the overall combination of
the tools presented an acceptable result. The complete tech stack is heteroge-
neous with respect to programming languages. As the FHIR protocol is based
on REST, we did not experience any major problems from this. Because of
the REST protocol, many of the logical modules presented in the architecture
section 4.1 are replaceable. Many of the libraries could have been replaced,
with the resulting artifact still providing the same functionality. Even though
we identified problems with some of the tools, it is unclear which other tools
would have provided better results.

6.5 Communication

The first five activities of design science research has been presented in the
previous chapters. The communication activity as presented by Peffer et. al.
should ”communicate the problem and its importance, the artifact, its utility
and novelty, the rigor of its design, and its effectiveness to researchers and other
relevant audiences, such as practicing professionals, when appropriate”. This
thesis presents all of these aspects, primarily towards researchers. During the
evaluation of the artifact, one relevant practicing professional within iCBT also
received a thorough presentation of the artifact. We also plan on publishing a
research paper on the results in this project, in a scientific journal.
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7 Conclusion and Further Work

This thesis presents a dashboard application designed to provide therapists in
guided iCBT with decision support and visual analytics. The dashboard- and
visualization functionalities presented in this thesis can help guide further re-
search on visual analytics in iCBT. This section will summarize the design
science process and results, and present suggestions for further research on pre-
senting patient data in iCBT.

7.1 Conclusion

Through the design science methodology, we designed, implemented, and eval-
uated an artifact created to solve relevant problems regarding a therapist’s
overview of patient data in iCBT. Specifically, the artifact considers standard-
ized mental health screening questionnaires and numerical time series. We have
presented methods for providing therapists with overviews towards single pa-
tients, as well as for a group of patients.

As described by Peffers et. al. [14], the development of an artifact should
be a search process using existing theory to develop a solution to a defined
problem. During the process of designing the dashboard application, multiple
findings were uncovered. Both simple (line-, bar- and pie charts) and com-
plex visualizations (interactive spider chart) were used to display quantitative
data for patients in iCBT. A novel way to visualize mental health screening
questionnaires over time was developed, in the form of an interactive spider
chart. Furthermore, scalability problems were identified with the HAPT JPA
server reference implementation of the HL7 FHIR standard. Measures to im-
prove user-experienced latency have been implemented, and further scalability
measures have been discussed.

7.2 Further Work

In order for the application to be used in a practical setting, multiple features
would need to be implemented. The scope for the design science artifact, de-
scribed in section 1.3.3, does not include security or unstructured data from the
treatment modules. Both of these aspects should be implemented before testing
the application in a practical setting. Furthermore, the extra features suggested
by the experts during the evaluation would be beneficial to implement. These
include:

Patient reported events.

Messages from the patients.

Tools for comparing patients.

[

Tools for analyzing sub-groups of the patients.

Options for the therapists to manipulate the line charts in the following
manners:

— Starting y-axis at 0.

— Align charts to a common time axis.
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— Zoom in to a subset of the data points.

— Combine two charts to display ratio over time.

The interviewees also asked for additional data sources, such as activity
measurement for example through a sensor. This is supported in the artifact, as
long as the data can be converted to FHIR observations. The goal of the artifact
is to process and visualize the available data. As such, the implementation
details of the data producers are not relevant, as long as the data is provided
in the correct format.

The application should be tested and evaluated further in a practical setting
to catch possible flaws that were not anticipated when evaluating the artifact on
simulated data. The most important missing factors for practical use is authen-
tication and authorization. There are various options for this, as discussed in
section 4.7. The application is mostly ready to support multiple therapist, but
mapping the users/principals to the database would need to be implemented
along with authentication.

There is also potential to further improve the successful aspects of the ar-
tifact. Additional work to optimize scalability can be done. Some examples
are given in section 4.6.2. Applying advanced algorithms to the flag functions,
described in section 4.5.1, could also be beneficial. The application of pattern
recognition or predictive analytics for this type of dashboard could be an inter-
esting problem for further research. As discussed in section 2.2, there is a need
for further structuring of the data from patient exercises before they can be
used for analytics or visualization. Structuring and extracting data from these
modules is an important topic for future research.
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Appendix A

Answers from semi-structured interviews

The answers to the questions in the semi-structured interview for evaluating the
artifact is included here. As the full transcriptions are both lengthy and hard to
read, the answers are summarized as points. Because the interviews were per-
formed in Norwegian, both questions and answers are translated. The answers
are further paraphrased for brevity, and grouped by theme for readability. The
method for conducting the interviews are described in section 5.1.

Q1: Could you say something about your experience with iCBT?

Interviewee 1

Interviewee 2

e Worked full time in psychiatry
since 2003, part time before.

e Further education within psy-
chodynamic psychotherapy, CBT
and iCBT.

e Worked 5 years in eMeistring,
combined with having regular pa-
tients in polyclinic.

e Education  within
sports-psychology.

cognitive

e Did some studies on CBT on
back-patients and patients with
exhaustion syndrome.

e No previous experience with
iCBT, currently in the process of
designing a self-help program.

Q2: Which types of patient data do you normally consider?

Interviewee 1

Interviewee 2

e Varies between patients.

e Initial overview through conversa-
tion with the patient.

e Quantitative measurements like
MADRS are useful for some sit-
uations, for example depression.

e Visual observations and physi-
ological measurements are also
used.

e Questionnaires.

e Physiological measurements like
sleep, heart-frequency, blood
tests.

e Register data such as absence due
to illness, diagnoses, and specific
findings.
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Q3: Which types of data would you like to see in the tool?

Interviewee 1

Interviewee 2

Patients life events.

What patients currently are do-
ing.

More details for serious events.
For example if a patient reports
trouble with appetite and sleep,
it would be useful to get further
descriptions on these problems.

Messages from the patients.

The content of the treatment
modules.

Metadata about the modules such
as which module is a patient in
and what they have delivered.

e Information about other treat-
ments the patient is receiving.

e More data of the same types dis-
played in the tool.

e Activity measurements. For ex-
ample if patients are going for
walks or training.

Q4: Which tools have you (or other therapists) used to process patient-data?
Interviewee 1 Interviewee 2
) ) o Refers to a PhD student using
e Simple bar charts to display spider charts as a communication
mood. tool towards the patient (see sec-
e The bars display the values within tion 2.5.2).

a single questionnaire.

Can only display a single ques-
tionnaire at a time.

Have to click multiple times to get
into a new questionnaire.

e Some therapists read the medi-
cal journals, some read the "raw”
patient-filled questionnaires like
BDI.

o A lot of therapists like to only
work on paper.
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Q5: Which features of the tool is applicable for your situation?

Interviewee 1

Interviewee 2

Time spent in program.
Flags can be useful.
Progression.

Filtering the table is useful.

Warnings are useful. The list
over warnings should prefferably
be short.

Flags are essential. Yellow and
red flags are suggested.

Progression: improving, declining
and steady.

Urgency score, possibly based
on other measurements than

MADRS.

Spider chart displaying changes.
This can be useful for patient
communication.

Q6: Which new features would you like to see in the tool?

Interviewee 1

Interviewee 2

Comparing patients towards each
other.

Compare patients within filtered
groups.

Zoom in on line charts, select a
subset of the time period to dis-

play.

Which module a patient is in.

Option to start the scale of line
chart y-axes at 0.

Option for showing the measure-
ments on the same time axis,
for comparison between measure-
ments.

Option to combine measurements
in a single line chart, for compar-
ison.

Line charts showing ratios be-
tween observations.

Red and yellow flags.

Option for showing multiple spi-
der charts on the same screen, for
multiple questionnaires.

Possibility to select a subset of pa-
tients, and for the pie chart to up-
date to the selected patients.

Export data out of the applica-
tion, for example export to a csv
file.
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Q7: How do you think this kind of tool would fit in therapists current workflow?

Interviewee 1

Interviewee 2

e [t would be more useful than what
the therapists currently use.

e If all the necessary information
was presented, it would fit better
than the existing solution.

e Therapists in CBT could have
looked at it before and/or after a
consultation.

e Would possibly be useful for a
lot of clinicians, although a lot of
clinicians still use paper primar-
ily.

e Would have been more useful
with line charts on the same time
axis.

Q8: What do you think about the visualizations provided in the tool?

Interviewee 1

Interviewee 2

e Good contrasts between the col-
ors in the pie chart.

e Displaying weeks instead of
months in treatment would be
better.

e Line chart with the sum of
MADRS is useful.

e The spider chart is useful to get a
quick overview of the patient.

e Line charts and spider charts are
appropriate for these data.

Q9: Which of the visualizations in the tool do you think can help

therapists make decisions?

Interviewee 1

Interviewee 2

e The pie chart is useful to get an
overview. This can be beneficial
for logistics, such as planning ca-
pacity for new patients.

e The line chart over MADRS good
for seeing patients symptoms. If a
patient spikes upwards, it signal-
izes that the patient needs to be
examined further.

e The flags are probably the most
important.

e Progression, depending on how it
is calculated.

e Line charts summing over the
questionnaires are useful to see if
there is improvement, also over a
longer time span.
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QI0: Which methods would you use to determine the urgency

of treatment for a patient?

Interviewee 1

Interviewee 2

e Will look at all the patients if
there is sufficient time.

e Alarms are used in current prac-
tice, for example if a patient is too
depressed.

e Consider the amount of messages.
A large amount of messages indi-
cates the patient wants to com-
municate something.

Q11: Which status variables would you like to see for each patient?

Interviewee 1

Interviewee 2

e Name.

e How far the patient is in the pro-
gram.

e Time of starting the program.
e Time of ending the program.
e Diagnose/which problems.

e Which treatment program.

e Time of last consultation.

e Time of last contact between
therapist and patient.

e Being able to choose which sta-
tus variables are displayed would
be beneficial. This could be done
similarly to how observations are
selected in the Detail View.

Q12: Which information would you like to see for the patient population?

Interviewee 1

Interviewee 2

e A table over the patients, with
useful variables.

e Possibility for filtering the table
based on the variables.

e Dividing the patients by progres-
sion is useful, for example pre-
sented in the pie chart.

e Why patients are improving/de-
clining.

e Mecans for various measurements
across all the patients, for exam-
ple the questionnaires.
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QI5: Are there other kinds of functionality for decision support you would like
to see in a tool like this?

Interviewee 1 Interviewee 2

e Combining functionality. For ex-
ample combine ”time spent in
program” with progression/mod-
ule to see who is taking too long.

e Suggests option for the user to

e Color marking in combination 5
supply their own data.

with filtering. For example:
Change the color of patient names
when the bar chart is clicked and
the matching patients are placed
on the top.

QI4: How much time would you estimate therapist in iCBT spend
processing patient data?

Interviewee 1 Interviewee 2

e If we don’t consider paperwork,
such as writing, at least half of the
time is spent getting an overview
of what has happened.

Q15: Which benefits can be achleved by having an overview of
the patient population?

Interviewee 1 Interviewee 2

e It is useful to know who/what to
prioritize.

e Logistics. When patients finish
the treatment, the therapist will
have capacity for new patients.

o It is useful to compare with other o If a lot of patients are declining,
therapists. For example look for this is a red flag.
differences, and how these can be
explained.

e Comparison with other therapists
can also help to determine how to
balance the workload across pa-
tients.
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Q16: Do you have any thoughts about how to reduce the amount of time

therapists spend processing data?

Interviewee 1

Interviewee 2

e Fast processes and good overview
would help.

e Not having to spend time on un-
productive activities.

e It is important that patients can
fill in the required data, without
the therapist needing to spend
time on it.

e Fast overview of a patient would
save a lot of time. Seeing data on
the same time axis would help for
this.

QI7: Do you have other thoughts about how to scale the
iCBT solution to enable more patients per therapist?

Interviewee 1

Interviewee 2

e cMeistring is an attempt at re-
ducing time spent on unproduc-
tive activities, such as travelling
or talking about things without
effect.

o If the goal is to further reduce
the time, the question is how lit-
tle time you need per patient to
get the effect of guided iCBT.

e Ideally everything could be auto-
mated without losing the effect of
guidance, but unguided self-help
has shown problems with patients
not wanting to put in the effort.

e To increase therapist effectivity,
they will need to spend less time
processing information.

e Considering data, overview is
what is important. Pre-made pro-
cedures could also help.

e Time can be saved on reading and
writing.

e Mentions a colleague organizing
group CBT over the internet,
with video.

o Self-help programs.
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Q18: Do you have any other comments towards the
functionality presented in the tool?

Interviewee 1

Interviewee 2

e The functionality is an improve-

ment to the current situation.

If it would be generalized to
all types of data they need in
eMeistring, it would be very use-
ful.

There are multiple other data
sources than questionnaires that
are relevant.

It is not only wuseful for
eMeistring. Tt could, for ex-
ample, potentially be applied to
restitution among athletes.

It could be useful to see patterns
that are not necessarily clinical in
nature.

Subjectively most interested in
the information for the individual
patients.

It would be interesting to see the
tool applied on with long treat-
ment periods.
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Appendix B

Source code

The source code for the design science artifact is open source and available at:
https://github.com/NikolaiGrieg/TherapyDashboard.

78



