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Abstract
Consumer health information systems have become very prevalent over the years and have
already shown massive benefits to electronic healthcare. This thesis aims to address the
adaptation of levels of detail for visualisation techniques used in visualising large amounts
of textual data, specifically medical information in a Consumer Health Information System
(CHIS). The focus lies on showing possible approaches on how to properly adapt the visuali-
sations used for such medical data while considering individual levels of visual literacy shown
by different users. This thesis aims to provide a new method for allowing users to manually
change the level of detail of the utilized visualisations and view components, as well as letting
the system adapt them automatically using a rule-based approach. The contents of this work
will specifically address and adhere to the project A+CHIS, which is an adaptive CHIS that
aims at making visualised medical information interactive while also applying the concept of
adaptation to realize the adjustment of the system to various user needs.

iii

https://apchis.cgv.tugraz.at/


Contents

1 Introduction 1
1.1 Need for adaptive LODs in a CHIS . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Research Questions and Contributions . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Thesis Structure and Organisation . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Related Work 3

3 Background and Terminology 4
3.1 Visual Literacy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.2 Level of Detail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

4 A+CHIS 6
4.1 Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
4.2 Visualisation techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4.2.1 Word Cloud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
4.2.2 Topic Cloud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
4.2.3 Tilebar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
4.2.4 Text Snippets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
4.2.5 Thumbnail Slider . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5 Adaptation 11
5.1 Manual Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
5.2 Automatic Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

5.2.1 Accuracy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.2.2 Extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.2.3 Heuristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

6 Walkthrough and Evaluation 19
6.1 Manual Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
6.2 Automatic Adaptation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

7 Conclusion and Future Work 22

Bibliography 24

List of Figures 26

iv



CHAPTER 1
Introduction

The A+CHIS [1] is an adaptive consumer health information system that aims to simplify and
ultimately enable the study of different medical documents by visualising them using various,
mostly text-based visualisation techniques. These visualisation techniques simultaneously help
summarise and highlight the most essential sections of the document while also allowing the user
to adapt, change and interact with them in order to receive amore individually tailored experience.
This should ultimately allow every user to infer the necessary and important information from a
given document without having to read through the entire content.

Understanding a visualisation means going through amulti-level process in which the user tries
to extract and extrapolate facts, understand how those facts apply and draw conclusions about
the data at hand [2]. In order to adhere to multiple user types as well as different levels of visual
literacy represented by these users, various levels of detail (LODs) for the applied visualisations
are necessary. These LODs are intended to either simplify a visualisation for a more lightweight
and easier approach to understanding the documents’ contents or increase the complexity of the
visualisation and in turn, also be able to offer more input. This ultimately increases the amount
of information a user can possibly gather from the currently visualised document.

As it is hard to define which level of detail (LOD) fits a specific user, a visual gallery, which
provides a small preview of the supported LODs, can be displayed. This preview is supposed
to help the user decide and quickly get a grasp of what a certain LOD changes for a given
visualisation. A gallery such as this one could be called a "level of detail gallery" or LOD-
Gallery and its analysis as well as its implementation are two of the primary goals of this
thesis.

Furthermore, an approach for automatically changing the LOD of a visualisation using a
specific set of rules is being addressed. These rules are based on given observation times
of the view components used for visualising the medical documents, as well as observed
mouse interactions, specifically mouse clicks, with these visualisations. The automatic change
in complexity aims to provide suggestions to further enhance the user’s efficiency with the
system.
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Chapter 1: Introduction

1.1 Need for adaptive LODs in a CHIS
E-Health has become extremely important and beneficial over the years leading up to today
[3]. Many people and patients in need of medical assistance or information are able to receive
this kind of help from multiple different applications. The A+CHIS tries to further improve
and increase the usefulness of services that provide electronic health care by expanding the
pool of methods for gathering and receiving medical information. The main motivation of this
thesis is to extend the A+CHIS, allowing users to work with the system in additional ways in
which they can adapt the complexity of the visualisations used to gather medical information
quickly and reliably. For that reason, this work directly impacts the quality and support of this
type of application and tries to advance the general usability and variety of opportunities that
E-Health can provide.

1.2 ResearchQuestions and Contributions
The work of this thesis focuses on further exploring possibilities in changing and adapting
LODs for different types of visualisations. The major contribution and research question is
whether a matrix approach for displaying these LODs enhances the visibility and usability of
the system and provides a better overview of possible adaptations in order to let users quickly
and most importantly correctly decide on which LOD fits them the best. With the help of
this approach, users can manually change a given visualisation to a different and individual
LOD. This allows for a tailored experience and maximizes the information gathered by all
visualisations in use.

Additionally, automatic adaptation of LODs for these visualisations is being researched and
worked on. A rule-based system is put into place in order to determine a change in the
LOD for a visualisation, contributing to general automatic design approaches for adapting
user interfaces. Most of the visualisations used in the context of this work are text-based
visualisations, as they represent the core of exploring medical documents regarding the
A+CHIS.

1.3 Thesis Structure and Organisation
The major part of the implementation of this work has been executed as part of a project
directly relating to this thesis, while the focus of this thesis itself lies in explaining and covering
the research questions tied to the implementations.

This thesis will touch on important keywords and scientific terms that are important to
understand in the context of this work in Chapter 3 before going over the basis of the
implementations for both the manual and automatic adaptation of LODs in Chapter 5.

A simple overview of the applied visualisation techniques in the A+CHIS will be provided in
Chapter 4 and put into perspective to showwhy additional levels of complexity are needed and
why a novel approach for adapting these complexities is necessary. In Chapter 7, a conclusion
of this thesis and a future outline with possible improvements to this work will be presented.
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CHAPTER 2
Related Work

The majority of this work is based on and related to previous research which has already been
conducted for the A+CHIS. The A+CHIS is a scientific project which entails many different
research areas and has thus accumulated lots of information based on interaction as well as
adaptive measurements to improve CHIS. Furthermore, this thesis mainly focuses on manually
and automatically adapting LODs for visualisations or view components which are present in the
A+CHIS. Related work can also be found in automatic adaptation features from various domains.

The work "Visual document exploration with adaptive level of detail – design, implementa-
tion and evaluation in the health information domain.” [1] by Shao et al. represents the primary
source of context and is used as a baseline for this thesis. In this publication, a precise and
detailed overview of the A+CHIS is presented and the overall structure of used visualisations
and their interactive features is conceptualized. Other work, such as "Hierarchical Topic
Maps for Visual Exploration and Comparison of Documents.” [4] by Tytarenko et al. or
"Recognizing User Behavior from Interactions for Adaptive Consumer Information Systems.”
[5] by Lengauer et al. provide additional insight into how the medical data obtained from
documents is modelled in order to generate proper interactive visualisations used for exploring
this modelled information and how the tracking and observation of user interactions in the
A+CHIS work.

Furthermore, the work "Adaptive visualisation of Health Information Based on Cognitive
Psychology: Scenarios, Concepts, and Research Opportunities" [6] by Schreck et al. provides
additional insight into why adaptive visualisations in a CHIS could improve health literacy
while also increasing the effectiveness of the general medical system [6].

Lastly, the work "A Context-Based Adaptive visualisation Environment" [7] by Golemati
et al. as well as "Model-based adaptive user interface based on context and user experience
evaluation" [8] by Hussain et al. also talk about the necessity of automatic adaption in modern
visualisation environments and further endorse the process of automatic adaptation based on
user interactions with the system such as mouse movements or pressed keys.
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CHAPTER 3
Background and Terminology

The immense benefits made possible by electronic healthcare can be cut short if the system or plat-
form the application operates on is not solid enough. This means that important information can
be lost or not conveyed properly if a certain user working with the consumer health information
system (CHIS) does not fully understand or comprehend the shown data. This goes against the
principle of a CHIS, where the main focus lies on providing medical information to people who
might not be versed or knowledgeable in a specific medical field but still show interest in selected
topics thereof [9]. Medical documents or data tend to be rather long and difficult to understand,
which is why a proper CHIS should be able to present medical information to users who might
not be able to work with the complexity and size of such medical datasets. Additionally, a CHIS
should be able to extract the most important information andmake it available to the user without
cutting off relevant details.

An essential factor that usually hinders a proper CHIS in providing beneficial health
information, is themethodology used to present medical data to the user. How the information
is depicted plays a major role in howwell a user or patient understands the contents presented
and how quickly and efficiently they can infer necessary information from it. In a CHIS,
which visualises medical information by making use of different data graphs or visualisation
techniques, a user might not be able to infer all the needed information since the visualisation
itself might be too complex and difficult for them to work with.

Not only does the amount of possibly retrievable information a user can infer from a
visualisation vary from one visualisation method to another, but also from one user to the
next. This simply means that different users might not be able to gather the same amount of
information in the same amount of time. It is therefore important to recognize this problem
and visualise the information in a way where all kinds of users and user groups are able to
infer the information they deem important reliably [10]. These typical and mostly inevitable
problems related to consumer health information systems directly motivate this thesis and
serve as the basis upon which this work and its implementations have been built.
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Chapter 3: Background and Terminology

3.1 Visual Literacy
Visual Literacy is the term used to define a person’s ability to properly process and infer
information from a given set of data graphics or visualisations [11]. Different people might
not be able to gather the same amount of information from a given graph in the same amount
of time. While some users are capable of inferring all the key information needed by looking
at some visualised output of a dataset, others might need more time or might not be able
to comprehend the visualisation at all. Visual Literacy can thus be defined as a group of
vision competencies a human being can develop by seeing and at the same time having and
integrating other sensory experiences [12] and needs to be taken into account when working
on a CHIS which tries to provide medical knowledge to different kinds of users with various
levels of visual literacy.

Consequently, it is imperative to acknowledge different levels of visual literacy and try
to consider them, especially when making use of text-based visualisations for a CHIS. This
ensures that many users are able to work with the system in a satisfactory manner and receive
the information they might be looking for without missing essential details or facts by not
being able to comprehend a certain type of visualisation.

3.2 Level of Detail
A widely used way of adapting visualisations and data graphics in a way that could consider
the individual level of visual literacy a user has is by giving these graphics multiple LODs. The
term LOD refers to the capability of providing different representations of an object, which
in this case refers to the visualisations of medical data, at different levels of accuracy and
complexity [13]. There are many ways of implementing LODs for certain types of visual-
isations or graphics, featuring different approaches and possibilities, ranging from adapting
simple nuances to changing the entire design or general look of a visualisation. Various known
methods for implementing and allowing a change in a LOD for a visualisation come with their
respective positive as well as negative effects.

Choosing an appropriate method for adapting a LOD is usually quite a big problem, as
different use cases call for various techniques for changing the detail of a given visualisation
[14]. Since the A+CHIS primarily makes use of text-based visualisations and infographics, the
typical methods that can be found for implementing LODsmight not work properly or achieve
the intended effect. This has to do with the nature of these types of visualisations which, most
of the time, lack the depth and dimension to allow for generic lens or zooming approaches
which are often made use of in 3-dimensional graphs, images or objects with a certain level of
depth.

This results in a LOD selection problem requiring a new way of thinking for allowing
changes in looks or even design for the visualisations that might be used in a CHIS. A novel
approach for changing such LODs will be proposed and discussed in this thesis.

5



CHAPTER 4
A+CHIS

The A+CHIS is an adaptive consumer health information system which ties in all the basic
elements of a regular CHIS while also making the system and the information which can be
made available to patients and users interactive and adaptive. The A+CHIS serves as a project
which tries to answer a major research question of whether evidence-based medical information
and novel interactive data visualisations can be combined to further enhance the positive benefits
to healthcare that usual consumer health information systems already provide [1].

This is achieved by making the visualisations, which are responsible for conveying and sum-
marizing the information present in large medical documents, interactive and adaptive. The
interaction with the visualisations itself opens up further exploration possibilities, which allows
patients and users to further research a selected topic and extract the exact information they
might be looking for. The adaptive aspect, on the other hand, ensures that the visualisations used
to display medical information are adjusted to fit the users’ needs and capabilities, maximizing
their information gain without making the visualisations too complex.

A lot of different services and features are put into place in order to be able to achieve the
aforementioned degree of interaction and adaptability. The arguably most important nature
of the A+CHIS which is also mainly responsible for allowing a change in the LOD for a
visualisation to happen automatically is the tracking and observation of most user interactions
[5]. The A+CHIS stores and tracks mouse movements as well as mouse clicks and dwelling
times on certain view components of the application in order to gain a better understanding
of how a user behaves and reacts to changes in the system. This allows for adapting the entire
CHIS to further suit a patient’s or user’s needs and thus enhance the medical benefit that the
A+CHIS provides.

The usage data which is locally obtained by observing user interactions with the system
is also used as a baseline for determining a fitting LOD when recommending automatic
adaptations. Some images and sections in the upcoming chapters will display and cover
information used for testing purposes during the implementation of this work. This test
content has been sourced from the AOK book "Den Diabetes im Griff" [15] and refers to
diabetes, a very complex disease and highly relevant to the public today [1].
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Chapter 4: A+CHIS

4.1 Framework
The A+CHIS makes use of an Angular frontend paired with a Django backend. Typescript is
the primary language that is used to develop and implement frontend features. Different basic
JavaScript libraries are used to control the flow of the interface, like RxJS which is used to
notify components in order to induce some type of change when events that might have been
triggered by the system or the user occur.

RxJS and various services which have already been introduced to the system have proven
to be invaluable and provide a strong framework for the LOD approach that this work covers.
Through user interaction tracking and a high-level subscription system provided by RxJS, it
is possible to adapt the LOD of visualisations and view components on demand and during
runtime.

4.2 Visualisation techniques
In the following section, all the visualisation techniques which are employed in the A+CHIS
in order to visualise the information extracted from medical documents will be introduced
briefly and accompanied by figures which show the initial state of a given visualisation prior
to this work. Additionally, a short explanation or overview of why the initial version of such
a method might not be suitable for different users with varying levels of visual literacy will be
provided indicating the necessity for additional LODs.

4.2.1 Word Cloud
Aword cloud is a very common and widely used form of text-based visualisation. It appears as
a compact cloudlike structure consisting of terms which are often displayed in different font
sizes and at different positions used to indicate a certain ranking of importance between the
terms where a higher font size correlates to a higher importance of the term occurring inside
the main text [16]. In the A+CHIS, the word cloud also makes use of different colourations for
terms that belong to the same topic, which insinuates topic modelling [4].

Figure 4.1: A Word Cloud in the A+CHIS with a high LOD.
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Chapter 4: A+CHIS

Looking closely at this word cloud, it is apparent that an adaptation in the form of changing
the LOD for this visualisation can prove quite simple since there are not a lot of dimensions
presentwhich could affect the overall information load or design of the visualisation. However,
for some patients or users working with the system, the level of complexity shown in Figure
4.1 could already prove to be too difficult since a lot of terms are displayed, which end up
making the word cloud appear a bit too cluttered.

Due to the simple nature of this visualisation technique, an adaptation to the LOD is quite
straightforward. Simply increasing or decreasing the amount of terms shown, as well as
reducing the amount of groups present, directly increases and decreases the level of complexity
that this visualisation epitomizes.

4.2.2 Topic Cloud
Topic clouds function and appear quite similar to word clouds, with the key difference being
that topic clouds inherently group the terms based on topic and visually place the grouped
terms apart to better indicate these clusters. In the case of the A+CHIS, they also show it with
different colourations for terms belonging to the same topic. The font size of the terms yet
again indicates their frequency of occurrence and importance.

Figure 4.2: A Topic Cloud in the A+CHIS with a high LOD.

Similar to the word cloud, the simplicity of this visualisation technique also allows for a
rather simple adaptation in its LOD. Merely increasing or decreasing the amount of terms dis-
played per topic, or reducing the amount of topics entirely, can directly impact the readability
and the overall LOD of the visualised contents.

4.2.3 Tilebar
Word clouds and topic clouds are the primary text-based visualisations used to summarize
and convey the contents of a medical document. The tilebar is used to additionally enhance
the user’s ability to further study a few specific terms which have been visualised using the
primary visualisation techniques [4]. This is done by hovering over a term contained in either
a word cloud or a topic cloud.

8



Chapter 4: A+CHIS

This interaction with the visualisation opens up a tooltip showing more specific data about
the occurrence of the term inside all available chapters of the document which is being
explored at the moment.

Figure 4.3: A Tilebar in the A+CHIS with a high LOD.

Every single square shown in Figure 4.3 represents the number of occurrences of the term
in a specific section of different chapters inside the document [1]. The colouration is once
again used to convey this exact information. A darker colour implies a higher amount of
occurrences, whereas a lighter colour implies a lower amount of occurrences.

It might seem very difficult for most people to immediately understand and be able to
work with this type of visualisation. The various differently coloured squares possess almost
no implicit indication of what they intend to show, which can ultimately lead to confusion
about the information the user tries to infer. This means that designing different variations
of this visualisation is imperative to achieving the desired behaviour of a properly executed
adaptation in the LOD. In the case of this tilebar, a lower LOD was achieved by reducing the
squares down to actual bars, thus grouping the individual information which every single
square had and gathering this information in one collective rectangle. An even lower LOD
was achieved by removing the rectangular design of this visualisation altogether and simply
displaying one singular sentence which describes the information of occurrence directly.

4.2.4 Text Snippets
Text snippets will appear on the interface after having clicked on a term present in the two
primary text-based visualisations. These snippets emerge on the right side of the screen and
allow the user to further study selected paragraphs and sections of the document [1].

Figure 4.4: Text snippets in the A+CHIS with a high LOD.
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Chapter 4: A+CHIS

This provides the user with a tailored search experience where only the contents which the
user was initially interested in will be shown. Since the dimension of complexity to plain text
snippets is very comprehensible for most users, a change in a LOD for such snippets can be
achieved by simply reducing the number of sentences displayed per snippet. The lowest LOD
implicitly relates to only one sentence being shown per snippet.

4.2.5 Thumbnail Slider
The final visualisation technique users can interact with to discover the medical information
they deem significant, making up a key view component of the exploration view for displaying
information aboutmedical documents, are thumbnail sliders. The thumbnail sliders used in the
A+CHIS consist of the infographics and images which might be present in the document at the
specific section which is summarized in the corresponding primary text-based visualisation
and displayed in a small collection [1].

Figure 4.5: Thumbnail sliders in the A+CHIS with a high LOD.

As with many of the other previously shown visualisations, the type of thumbnail slider
used in the A+CHIS does not feature a lot of diverse dimensions, which couldmake designing a
variation of different complexity for an adaptation in its LOD difficult. By simply increasing or
decreasing the amount of infographics shown at any given time, the LOD of this visualisation
technique can be adapted quite easily. An increase in displayed infographics indicates an
increase in its LOD, while the opposite indicates a decrease in complexity and thus a decrease
in its LOD as simply more or less information is shown at a given time.
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CHAPTER 5
Adaptation

The major focus of this thesis lies in the concept of adapting the LODs for specific view components
and visualisations in the A+CHIS. The LOD of a certain visualisation should both bemanually and
automatically adaptable. Many concepts and ways of changing LODs already exist. Still, none of
them are specifically catered to consumer health information systems or text-based visualisations,
which makes them hard to integrate and adjust. This is why this work focuses on creating a novel
approach to manually adapting such a CHIS and its view components to fit the individual levels
of visual literacy of its users as well as making use of the tracking aspect of the A+CHIS to provide
fitting recommendations for adjusting LODs automatically.

The purpose of manually adapting the complexity of the view components is to allow the
users to decide for themselves whether a preset or recommended LOD is suitable for them
or should be adapted further [17]. This way, changing the appearance of all important and
necessary visualisations used for exploring documents allows users to find an adequate setting
of LODs to comfortably work with the system and be able to maximize the information which
could be retrieved by a specific user.

5.1 Manual Adaptation
This way of adapting the complexity of the view components should be feasible and easy to
understand and should provide a good overview of what a possible change to the LOD of a
visualisation could look like. It is supposed to be comprehensible to all types of users, no
matter their level of visual literacy, and therefore facilitate effective decision-making through
the mitigation of information overload [18].

The concept of manual adaptation features a matrix approach. This matrix holds all view
components and visualisations for which a change in their LOD is supported. This matrix is
designed to provide a quick outline of what changes are available to the user and how the
visualisation’s appearance would alter if a modification in its LOD occurred.
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Chapter 5: Adaptation

Figure 5.1: The matrix concept in the A+CHIS for manual LOD adaptations.
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Chapter 5: Adaptation

Figure 5.1 shows the design of the matrix and the way it has been implemented in the
A+CHIS. The three columns of this matrix show the available LODs, whereas each visualisa-
tion or view component is represented by a row. The blue border which can be seen around
an individual item present in each row is representative of the currently set LOD for its view
component. This way, it quickly becomes apparent what the active LOD for a specific type of
visualisation is and how the other two LODs differ from the one currently in place.

This approach allows for a quick adaptation of a LOD for any given visualisation and
provides a preview of what a potentially higher or lower LOD could look like. Additionally, a
column-wide selection which sets the LOD of all view components at the same time is possible.
This can be considered as a global change and adapts the entire exploration view to the chosen
LOD.

Figure 5.2: The column wide selection options for manual adaptations.

By pressing one of the three buttons, a global adaptation for all visualisations will trigger,
changing them to the selected LOD.

This matrix approach ensures that the user or patient workingwith the CHIS has full control
over the complexity of its view components. This ultimately enables the customization of
every single visualisation and decouples them from a LOD that another visualisation might
have. Given that a user could possess a higher level of visual literacy for a specific visualisation
technique than for another, the matrix allows all of the visualisations to be adapted to an
individual and suitable complexity and preference setting which is essential for users to
understand the contents and properly infer information [19]. This approach thus eliminates
the restriction which usual LOD selection methods like global LOD selection or zooming and
lens approaches have.

5.2 Automatic Adaptation
The automatic adaptation approach considers the users’ interactions with the system aswell as
the dwelling or observation times gathered for each view component when trying to evaluate
possible changes made to the LOD of some visualisations [5]. If the system decides that an
adaptation might benefit the user, a recommendation in the form of a modal dialogue will
appear. This window will present the adaptations in the LODs which were deemed to fit
the user better than the ones currently active, and allow the user to select the changes that
they agree with. This method prevents sudden workflow interruptions and does not confuse
the user, as the evaluated recommendations are not implemented as soon as the system is
finished with its assertion [8]. The user knows what is happening, can take control over the
recommendations, and is even able to shut off and turn back on the automatic adaptation
recommendations entirely.

13



Chapter 5: Adaptation

Figure 5.3: The recommendation concept in the A+CHIS for automatic LOD adaptations.

Figure 5.3 shows the implemented concept of automatic adaptation in the A+CHIS. Every
entry which is presented on this window consists of the type of view component for which
a recommendation is being made, the current state of its LOD and the actual recommended
adaptation to which LOD it should adjust based on the systems’ perception.

The system enables the selection and deselection of any recommendation it makes. Ad-
ditionally, at the bottom of the modal dialogue, an option for turning off future automatic
recommendations is provided and the proposed adaptations that are currently visible can
either be accepted or denied.

This approach allows users with different levels of visual literacy to gain a preview and
understanding of what the adaptations would do and how they would change the system’s
appearance after taking effect. This still allows full control over the adaptations made to the
exploration view, while providing valuable input to the user nonetheless.
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Chapter 5: Adaptation

5.2.1 Accuracy
The actual evaluation of the automatic adaptation makes use of a simple rule-based approach.
Since the A+CHIS tracks the user’s interactions with the system and observes the amount of
time a user works with or looks at a specific type of visualisation [5], a lot of data is available
to decide whether a currently active LOD is appropriate for the user.

However, one major problem with making accurate recommendations always remains: The
heuristics in a rule-based approach for specifying whether an observation points in a direction
that leads to believe that the user is comfortable with a LOD and knows how to work with it
are very subjective and could very well be regarded as the opposite for a different user. This
implies that there is no definitive way of defining a set of rules which meet all constraints [20]
and apply to all types of patients and users possessing various levels of visual literacy.

The defined outcome of the set heuristics might be suitable and related to the behaviour of
one user where, for example, a higher amount of mouse interactions, specifically mouse clicks,
correlates to more enthusiasm about the LOD of a visualisation and thus increased motivation
to use it more often than others, whereas the same behaviour could correlate to another
user being too indecisive with the present LOD of the visualisation and thus imply improper
interactions resulting in more mouse clicks than usual. This means that recommendations for
automatic adaptations could always be erroneous since a user might not directly adhere to the
heuristics used for the rule-based system. This is why the rule-based approach of this work
generalizes the meaning and indication of high and low dwelling times as well as mouse clicks,
recognizing that the applied heuristics might not fit all user scenarios.

5.2.2 Extraction
Before recommendations can be made to the user, the system retrieves all available observed
data about the user’s interactions and dwelling times [5], extracts only the necessary and
valuable information needed and forwards it to the actual evaluation where the heuristics are
applied. This automatic adaptation cycle repeats itself continuously in set intervals. Every
time a set interval passes and a possible recommendation can be made, all the observed user
behaviour from the current interval is retrieved and filtered. Previous observation sessions
will not be taken into consideration to keep the latest recommendations clean of any past
influence and only consider new information about the user’s behaviour toward the system.

Both view durations and mouse clicks are grouped into one final measure per visualisation
type. This means that every single instance of a recorded observation will be summed up
to a final value which indicates the overall observation duration or dwelling time the user
had for a specific type of visualisation. The same applies to the mouse interactions where
all recorded instances of mouse clicks on certain view components will be summed up and
grouped into a final indicator representing the total amount of mouse clicks per visualisation.
Ultimately, these two measures are the representatives used to determine possible changes to
LODs and show how long and intensively a user has worked with and looked at a distinct type
of visualisation.
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5.2.3 Heuristics
The heuristics for the rule-based automatic adaptation proposed in this thesis are rather simple
and are split into two parts. Once the total amount of mouse clicks and the overall viewing
times of the visualisations have been gathered, the visualisationwith the highest view duration
will be considered the baseline for the first application of rules. The highest dwelling time,
which is represented as an integer in the code, will be divided by three in order to simulate
sections, in which the other dwelling times or view durations can be put into. The first set of
rules is then applied as follows:

(1) The first section is represented by the higher third of the highest recorded dwelling
time. The visualisations with dwelling times that fall into this section are considered
easily comprehensible and perceived as simple to the user resulting in these high view
durations. Any visualisation which ends up in this section will receive a recommenda-
tion for INCREASING the current LOD which could result in the user inferring more
information without making the visualisation too difficult.

(2) The second section is represented by the middle third of the highest recorded dwelling
time. The visualisations with dwelling times that fall into this section are considered
appropriate and perceived as suitable for the user. Any visualisation which ends up in
this section will receive no recommendation for an adaptation in its LOD.

(3) The third section is represented by the lower third of the highest recorded dwelling time.
The visualisations with dwelling times that fall into this section are considered difficult
and perceived as incomprehensible to the user resulting in these low view durations.
Any visualisation which ends up in this section will receive a recommendation for
DECREASING the current LOD to make the visualisation easier to work with.

Once the first set of rules has been applied, the mouse interactions are then looked at
and evaluated in a very similar manner. This allows the system to consider both measures
independently and make adaptations to the visualisations based on their value alone. The
visualisation with the highest amount of mouse clicks will be taken as a baseline for the
application of these rules and once again divided by three to get three sections in which other
visualisations can be put into based on their amount of mouse interactions. The rules are then
applied as follows:

(1) The first section is represented by the higher third of the highest recorded amount of
mouse clicks. The visualisations with a count of mouse clicks that fall into this section
are considered easily comprehensible and perceived as simple to the user explaining
the high amount of interactions and willingness to work with this view component.
Any visualisation which ends up in this section will receive a recommendation for IN-
CREASING the current LOD which could result in the user inferring more information
without making the visualisation too difficult.
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(2) The second section is represented by the middle third of the highest recorded amount of
mouse clicks. The visualisations with a count of mouse clicks that fall into this section
are considered appropriate and perceived as suitable for the user. Any visualisation
which ends up in this section will receive no recommendation for an adaptation in its
LOD.

(3) The third section is represented by the lower third of the highest recorded amount of
mouse clicks. The visualisations with a count of mouse clicks that fall into this section
are considered difficult and perceived as incomprehensible to the user explaining the
low amount of interactions and a lower motivation to work with this visualisation.
Any visualisation which ends up in this section will receive a recommendation for
DECREASING the current LOD to make the visualisation easier to work with.

If a visualisation has already seen a recommendation for either increasing or decreasing
its LOD based on dwelling times in the first set of rules, an additional increase or decrease
will not be applied if the second set of rules has determined a similar outcome. However, if
a visualisation has seen an increase or decrease in its LOD based on the first set of rules, the
opposite recommendation can still apply based on the second set of rules. This would result
in the user not receiving a recommendation for adapting the LOD of this visualisation after
all.

Figure 5.4: An overview of the heuristics used for automatically adapting LODs.
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Figure 5.4 shows a table indicating the three rules which are applied to both themouse clicks
and the view durations. This table is representative of the heuristics for both measurements as
they are evaluated independently. The same three rules are applied directly after each other in
two consecutive runs with the first being for the viewing times and the second for the number
of mouse clicks. The table shows the three sections mentioned above and how the delimiters
defined by the visualisation with the highest recorded value across all observed visualisation
techniques are used for designating these sections where the other visualisations and their
corresponding recorded values can fit in.

A value representing either the number of mouse clicks or the total view duration captured
in the observation sessions since the last recommendation was made, triggers the rule for
recommending a decrease in the LOD of its corresponding visualisation, if it is less than
or equal to one-third of the highest value across all observed visualisations. Similarly, a
recommendation for increasing the LOD of its visualisation is triggered if the value is higher
than or equal to two-thirds of the highest recorded value. This also indicates that the
visualisations with the highest view duration and the highest number of mouse clicks will
automatically receive a recommendation for increasing their LOD. Finally, no recommendation
for changing the LOD of a value’s corresponding visualisation is made if it is both higher than
one-third and lower than two-thirds of the highest recorded value.

After having evaluated all possible adaptations to the LOD of the view components, the
information is collected and sent to the modal dialogue window which then pops up and
ultimately recommends the adaptations to the user. If the user has previously decided not
to receive further recommendations, the entire evaluation process will not begin in the first
place. This leaves the information gathered from observation sessions in these time frames
open for future recommendations and does not exclude them as if the evaluation process had
already begun.
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CHAPTER 6
Walkthrough and Evaluation

The manual as well as the automatic adaptation ultimately aim at improving the usability of the
system by allowing users to change the complexity of the components responsible for visualising
the data that can be retrieved from a medical document to fit their information needs [1]. These
changes enhance the user’s ability to retrieve and infer information by considering their visual
literacy. The manual adaptation, which is based on a LOD-Gallery displaying a matrix with all
available LODs per view component, allows users to check and decide for themselves which LOD
might fit their visual literacy needs the best. This gallery is part of the graphical user interface
and can be viewed and used to introduce change to the system at any point in time. The automatic
adaptation is designed to recommend adaptations to the complexity of the system by observing
user interactions and behaviour with the view components and evaluating them based on a set
of rules. These recommendations are featured in a way that does not interrupt the workflow of
the user and does not cause confusion by realizing the system’s adaptations immediately and
frequently [8].

The following walkthroughs provide a short overview of how the adaptations to the LODs
of view components can be realized and how they could benefit the user. They are intended to
evaluate the advantages of the adaptations and the implementation thereof in order to show
how the user is able to better their experience with inferring medical knowledge by properly
making use of the visualisations in place and adapting them to their specific needs.

6.1 Manual Adaptation
The LOD-gallery in the A+CHIS is displayed using a modal dialogue which can be opened by
simply pressing a button on the graphical user interface. Once the matrix, which provides
an overview of all possible adaptations to the LODs for the visualisations as well as the
currently active LOD, is visible, the user can utilize the matrix by selecting the design of a
visualisation they seem to understand. The selected LOD will automatically receive the blue
border mentioned in Section 5.1 to indicate that it is the currently active LOD for its type of
visualisation thus showing that the manual adaptation has been realized.

19



Chapter 6: Walkthrough and Evaluation

Figure 6.1: The graphical user interface of the A+CHIS with the opened LOD-Gallery.

The interface shown in Figure 6.1 represents the look of the A+CHIS after the modal
dialogue containing the matrix for manually adapting the LOD of view components has been
opened. The exploration view is still visible in the background. A change in the complexity
of its view components can be recognized immediately upon selecting a new LOD. The red
arrow in Figure 6.1 indicates the button the user has to press to open the LOD-Gallery. The
user can scroll through the matrix and discover all view components with an adaptive nature
as well as preview their LOD. This manual adaptation approach supports the user in proper
decision-making regarding their own level of visual literacy and attending to their abilities
[18], providing a simple but effective solution to introducing change to the system’s intricacy.

6.2 Automatic Adaptation
The process of automatically adapting the LOD of certain visualisations starts with the user.
By working with the system, utilizing the visualisations to gather information and searching
for additional topics after having interacted with the view components, the A+CHIS is able
to track and observe the user’s behaviour. This data is captured over multiple observation
sessions which are finished once the user taps out of the system or changes windows leaving
the A+CHIS in the background. After a set time interval of forty-five minutes, the automatic
adaptation process starts by extracting the aforementioned observation data and preparing it
for evaluation. During this process, the user is still able to work with the system as usual and
will not be able to tell that recommendations for automatically adapting the view components
are currently being instigated. Once the extraction and evaluation mentioned in Section 5.2
are finished, the modal dialogue shown in Figure 5.3 appears automatically.
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Here, the system’s recommendations which have been based on previous user interactions
are displayed. Every single change in a LOD of a visualisation is represented by a singular row
which indicates the proposed change visually and textually. Additionally, each recommended
adaptation can either be selected or deselected to ultimately leave the choice of implementing
the adaptations to the user.

Figure 6.2: A singular automatic adaptation recommendation and its selection.

The method of displaying recommended changes shown in Figure 6.2 allows the user to
once again preview what the realization of such an adaptation would do to the affected view
component thus supporting the user in ultimately deciding whether a change in complexity
should be implemented. This does not take away the control of the user by executing the
automatic adaptions without review and setting them in place immediately while leaving the
user uninterrupted and focused on the task they are currently pursuing [18].

Figure 6.3: Options for accepting automatic adaptation recommendations.

Finally, after the user has selected all the adaptations they deem plausible, they can still
decline all recommendations and leave the system as is or accept the changes for the chosen
view components. Furthermore, the user is given a choice of whether future automatic adap-
tation recommendations should be proposed. In the case of denying future recommendations,
the time interval which is set to regularly check on user interactions will be disabled thus
preventing the system from evaluating user behaviour based on the heuristics proposed in
Section 5.2.3. This also prevents the modal dialogue from appearing entirely.

Should the user decide to reenable the automatic recommendations, a similar entry to the
one in Figure 6.3, which is present on the modal dialogue of automatically recommended
changes, can be found in the settings menu of the A+CHIS which is represented by a cogwheel
on the bottom left corner of the application.

The A+CHIS’ methodology of automatically adapting the LOD of visualisations is intended
to support the user in maximizing their efficiency with the system. The automatic adaptations
aim to provide beneficial input to further enhance the LODs the user might already have cho-
sen manually while also respecting the user’s preferences and choices. The recommendations
made by the system are presented in a noninvasive manner and provide a useful preview to
help the user decide if an adaptation seems advantageous or not.

21



CHAPTER 7
Conclusion and Future Work

Concluding this work, the A+CHIS is a consumer health information system which introduces
an adaptive and interactive perspective to inferring information from medical documents. The
A+CHIS allows users and patients to gather data on specific topics of interest without having to
read through the entire document by visualising the most important parts while simultaneously
applying topic modelling in order to highlight chapters and topics and group essential information
together [1]. These visualisations can then be interacted with to enhance the search for additional
information on certain keywords [4]. All of these features enable users to infer the information
they deem important and interesting. Throughout this entire searching and interaction process,
multiple ways of adapting the visualisations to fit the user’s level of visual literacy can be made.
This is done to maximize the information gain per visualisation as some visualisation might be
too complex or incomprehensible for some users. Giving these visualisations multiple LODs allows
them to take on a form which can fit most types of users regardless of their level of visual literacy.
A change in the LOD of a specific visualisation can be inducedmanually by working with amatrix
which entails all available visualisations and their respective LODs or automatically by letting
the system decide and evaluate which LOD might be best fitting given the current behaviour and
interaction history of the user with the system.

Many improvements or adjustments could still be made to this work. The most straight-
forward change is the extension of the currently available LODs to feature a fourth or even
fifth tier which allows any type of visualisation to be even more complex or simple in
order to cover a broader spectrum of advanced or inexperienced system usage. Additionally,
more view components that are part of the A+CHIS could receive a rework to provide the
possibility of being changed to a different LOD and then considered in the manual as well
as automatic adaptation process. Furthermore, the rule-based approach for the automatic
adaptation recommendations could be refined or even changed to a completely different
approach which would have a better success at estimating and evaluating user behaviour to
find a fitting LOD for certain visualisations.
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Similarly, the heuristics for the automatic adaptations related to the number of mouse clicks
per visualisation could be enhanced to cater to different view components individually since
different types of visualisations might not see the same frequency of usage and require various
expected degrees of mouse interactions or clicks. For example, the tilebar might not see as
many mouse clicks as the topic cloud or word cloud since its main purpose as a tooltip is to
indicate the number of occurrences of a term inside the document by hovering over it. This
couldmean that the tilebar will ultimately seemoremousemovement thanmouse clicks due to
the nature of this type of visualisation. By specifying unique rules for every view component
regarding the observed number of mouse clicks, this potential problem could be circumvented.

Another major improvement to the automatic adaptations is to include changes in the LODs
of the exploration view’s visualisations in the observation sessions. Tracking the adapta-
tions made both manually and automatically could be used to further refine the automatic
adaptation process. This would also enable the manual adaptations to overrule automatic
recommendations even more by checking whether the user swaps back to previous LODs
after having received a recommendation for changing it or denies such changes entirely over
multiple instances of recommending them. The heuristics themselves could even be improved
and receive new rules by recognizing user behaviour made by manual adaptations.

Lastly, the A+CHIS already features a questionnaire for first-time users in order to receive
a first-hand impression of their level of visual literacy. This questionnaire presents the users
with different data graphs and visualisations and asks specific questions about the data shown
on these graphics in a set timeframe to get a better understanding of the user’s ability to
properly infer the correct information shown on these graphics. The user’s level of visual
literacy is finally represented by a so-called "visual literacy score". This visual literacy score
can be used to preemptively adjust different settings in the system such as the LODs for certain
view components to make the initial experience more suitable for the user.

The initial LODs for all view components could be adapted to fit this opening visual literacy
score by setting hard-coded thresholds, similar to the automatic adaptation process, in which
each visual literacy score can be linked to a specific LOD. At the application’s first usage, all
view components will then have their complexity set to the determined LOD representing the
visual literacy score of its user.
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