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Abstract

Background : Software architectures are often large documents containing detailed
information about different architectural components, how they interact, the envi-
ronment in which they operate and how the components are designed. With such
a large amount of data, the sizes of the documents often get larger and it becomes
challenging for humans to process in a reasonable time. Visualization is the concept
of presenting data in a certain way like a graphical or pictorial format, to make data
easier to understand for many people. The concept of visualization is introduced into
the software architecture domain to ensure that the lengthy architectural documents
are simple to understand.

Objectives : The objective of this thesis is to understand the data and relationships
in the data and find an accurate visualization technique suitable for the data and im-
plement the visualization as an interactive online tool and evaluate the visualization
tool through a comparative user study with an implemented tool against existing
practice.

Methods : The research method used in this thesis is Experiment, where the data
for the experiment is collected through a comparative user study and collected data
is evaluated using subjective and objective metrics. The objective metrics used to
evaluate are ‘time’ and ‘correctness’ and the subjective metric is the NASA-TLX
assessment form, which the participants are asked to fill out during the user study.
The statistic value used to test the hypothesis is calculated using Wilcoxon signed
rank test.

Results : The results of the experiment are such that the time spent by the users
answering the questions in the implemented tool is significantly less compared to the
existing method. There is not much difference in the correctness of understanding
the software architecture, and the subjective workload experienced by the partici-
pants during the user study is significantly less in the implemented tool in compared
to the existing method.

Conclusions : The purpose of this thesis is to create an interactive visualization
tool that can effectively display the data and relationships within the data. The tool
was evaluated through a comparative user study, using both subjective and objec-
tive metrics, which showed significant advantages of using it in terms of time and
workload reduction.

Keywords : Software architecture, Software architecture visualization, Visualiza-
tion techniques, Graph-based Visualization, NASA-TLX assessment
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Chapter 1

Introduction

When thinking of architecture, the immediate thought is the process of planning,
designing and constructing buildings or other structures. The correct definition of
architecture is the art or science of construction. In a similar manner, Software
engineering [7| uses a term called Software architecture which refers to the fun-
damental structures of a software system [8] as well as the discipline of developing
such structures and systems. Just creating a software architecture is not enough, A
software architecture must be documented and communicated well in order for its
stakeholders to use it effectively in their jobs [9].

Visualization is a method of presenting facts or concepts in a graphical or pictorial
format to make them easier to understand [10]. In general, when information is
gained through vision, a greater level of understanding is achieved compared to the
combination of all other senses [11]. When presented with a large volume of data, it
becomes challenging to quickly comprehend such a large volume of information. As
a result, when presented with material in a certain way, information becomes easier
to grasp. For example, bar graphs or pie charts are used to convey numerical data
instead of paragraphs of text. Often times when people do not know what questions
they want to ask ahead of time, they employ visualization to interpret data.

Software architectures are frequently large documents because typical enterprise
software consists of a large number of components and relationships among them and
understanding this may be time-consuming and at times challenging. Visualization of
software architecture addresses this problem by providing data in visual formats such
as images and diagrams, which improves communication and comprehension [12].
The area of software visualization focuses on using visual representations to make
the software more understandable. Often various visual attributes in visualization
can be styled to show interesting aspects of data [13].

This thesis will focus on visualizing the software architecture. The software ar-
chitecture data used in this thesis is provided by an external company Ericsson. The
discussions throughout this thesis will be based on which visualization technique to
use with the data provided by Ericsson and the motivation for using the visualization
technique in Ericsson and the evaluation of the implemented visualization tool.

This thesis is done together with another student from ‘Master of Science in
Software Engineering’. We have worked together in Ericsson on the implementation
of the visualization tool and the evaluation of the visualization tool is performed
separately using different evaluation techniques and on different participants.

3



4 Chapter 1. Introduction
1.1 Software Architecture

To express it in simple terms, software architecture is the organization of a system |[8].
This organization includes all components, how they interact with one another, the
environment in which they work, and the software design principles. In many cir-
cumstances, it might also involve the software’s future evolution.

The field of a software architecture includes a concept referred to as Architecture
patterns. Architectural patterns is defining the fundamental structure of an applica-
tion and can be thought of as a reusable approach to a commonly occurring problem
in software architecture in a specific scenario [14].

The architectural pattern used in the context of this thesis is ‘Microservice architec-
ture’ which is a subcategory of service-oriented architecture which is one of the many
architectural patterns.

A microservice architecture is created as a collection of finely-grained, loosely
coupled services that communicate with one another using simple protocols. A large
project uses microservice architecture through small, mono-functional modules (mi-
croservices). The building blocks are created independently and combined to form
the overall product [15].

In a microservice architecture, service is a software object that is self-contained,
portable, replaceable, and reusable with a well-defined set of functionality that en-
capsulates its implementation and exports it as a higher-level interface that can
interact with other components [15]|. A separation or boundary between two distinct
services that allow them to engage or communicate with one another is known as
an interface [15|. Eventually, all of these microservices interact with each other
through interfaces and create a large software system. The interaction between the
services is shown in Figure 1.1

Usages

SERVICE -« » INTERFACE Lsages

SERVICE

Figure 1.1: Microservice Architecture

Even the best architecture will be practically rendered useless if the people who
need to use it don’t know what it is about and can not comprehend it well enough
to utilize it, or, worst of all, misunderstand it and use it incorrectly. All of the
architecture team’s analysis, hard work, and insightful design will be a waste of
resources. For these reasons, all architecture should be thoroughly documented in a
language that anyone can understand.

Architecture documentation serves various purposes, in fact, it helps the archi-
tects themselves as the architecture is under process [9]. As the complexity of the
architecture increases, it can be time-consuming to read and understand the architec-
ture, for this reason, we are introducing the concept of visualization into the software
architecture domain.
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1.2 Background

Often software systems are complex, abstract and difficult to observe. Experts must
use visualization to understand the systems [13|. These issues worsen in large-scale
software systems, where the system’s size makes it more difficult for experts to
understand their behavior and attributes. One of the critical aspects of software
visualization is the ability to efficiently visualize and explore a system’s software
architecture [16,17].

This thesis is done in close collaboration with an external company Ericsson. This
work is done for the architecture team within Ericsson. The data in this thesis is the
software architecture documentation, which includes a description of the Ericsson
architectural framework.

The software architecture documentation consists of multiple services and how
each service is built. Each service has multiple diagrams explaining the structure
of the service and its connections. All the services are internally categorized into
subcategories. This architecture is meant to capture and communicate the system’s
major architectural decisions. Using a variety of architectural views, the architectural
data describes a comprehensive architectural overview of the system.

There are different users of software architecture documentation because different
people have different roles and responsibilities within an organization. Additionally,
different users may have different levels of expertise or experience with the archi-
tecture, which can also impact their use. The different users for this architecture
are:

1. Designers/Developers

2. System Managers

3. Product Managers

4. Integration and Verification Personnel

Another important concept in the thesis is Unified Modeling Language, which is
a graphical language used to represent large systems in a graphical diagram. Using
UML diagrams for visual representation is a recognized industry standard practice.
Various diagrams are used to represent various aspects of a software system. In this
thesis, a UML component diagram is used. A UML component diagram is used
to represent the structural relationships between different components in a large
software system.

1.3 Problem Definition

This section will briefly explore the current situation at Ericsson and the issues that
are the foundation of this thesis.

For a user of the architecture, who does not have much information about the
software architecture of the EDA team, it is difficult to navigate the documentation
between the different services and find the data they are looking for in a reasonable
time. There are 47 services and 77 interfaces in the whole architecture. This number
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can change as the team is continuously working on improving the architecture. In
the future, they can add additional services or interfaces according to the necessity.

The development of this visualization concept for the architecture was driven
by the need to address the absence of documentation or a comprehensive visual
representation of the interactions between the various services in the architecture at
a high level of abstraction.

Another main reason was that often there is a requirement to add a new service
or new interface in the existing system. Before adding a new component, the archi-
tect needs to clearly understand the dependencies of all the components have with
each other and which all components will be affected when a change is made in the
architecture. When there is no image or description that represents this data and it
becomes difficult to understand the whole structure.

To resolve the issues specified above, the concept of visualization is introduced
into this existing system. The dynamic visualization tool is developed such that
users can understand how all the services are interrelated and also enable searching
and filtering options for better navigation into the architecture.

1.4 Aim and Objectives

The main goal of this thesis is to design, implement and evaluate an interactive
visualization tool for Software Architecture Documentation (SAD).
The objectives are:

1. Conduct preliminary interviews with the stakeholders of SAD so that there is
a clear understanding of the requirements and expectations of the stakeholders
regarding how the visualization tool needs to be.

2. Analyze and understand the software architecture and relationship among the
components such that a reasonable visualization technique is selected to im-
plement.

3. Implement the chosen visualization technique as an interactive online visual-
ization tool.

4. The visualization tool should be implemented such that it should have function-
alities of supporting searches, filtering options and navigating between different
parts of the SAD.

5. Evaluate the implemented tool using Subjective and Objective Metrics.

1.5 Research Questions

The following research questions are formulated to address the concerns raised above,
and a more detailed description is provided in Chapter 3.

Research Question 1:

Does the use of the implemented visualization tool reduce the time taken to under-
stand the structure of a software architecture compared to using documentation and
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a UML component diagram?

Justification : Measuring the time a user spends on a tool is a crucial aspect in
evaluating its performance and effectiveness. This question is designed to provide a
quantitative measurement of a user’s behavior, allowing for an objective comparison
between the tool and the documentation with UML component diagram. The answer
to this question will provide valuable insights into the relative performance of the
implemented tool and help determine if it is performing better than the documenta-
tion and UML component diagram.

Research Question 2:

Does the use of the implemented visualization tool improve the correctness of under-
standing the structure of software architecture and answering architectural questions
as compared to using documentation and UML component diagram?

Justification : The formulation of this question is based on the importance of
determining if users have a clear understanding of the architecture and are able to
effectively find the information they need using the implemented visualization tool.
Knowing this information is crucial in determining if users will prefer using the tool
over other methods, such as the documentation and UML component diagram.

Research Question 3:

Does using the implemented visualization tool reduce the user’s subjective workload
when working with the software architecture compared to using the documentation
and UML component diagram?

Justification : As one of the primary objectives of using visualization is to decrease
workload, it is essential to determine if the implemented visualization tool is indeed
reducing the subjective workload experienced by the user. Measuring subjective
workload can provide valuable insight into the effectiveness of the tool in meeting
this goal.

1.6 Ethical, Societal and Sustainability Aspects

In this thesis work, the following Ethical aspects have been considered:

1. The privacy and confidentiality of the company’s architecture will be main-
tained. Data anonymity is maintained throughout the research because of the
presence of the external company.

2. Since in this thesis, for evaluation we conduct a user study. he anonymity of
participants and the anonymity of the information provided by the participants
is maintained.

3. The participants are made aware that the user study is completely voluntary
and the participants are free to discontinue at any time in between the user
study without giving an explanation.
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1.7 Outline

Chapter 1 of this thesis paper begins with the introduction of the concepts and
provides a background on various topics, problem formulation, aims, objectives and
research questions are discussed. Chapter 2 summarizes most relevant previous re-
search in this area that will serve as a solid foundation for this thesis. The research
methodology, research design and evaluation process are covered in Chapter 3. The
results and analysis of the thesis are presented in Chapter 4. Chapter 5 contains dis-
cussions regarding the research questions and thesis as a whole and discusses threats
to validity and chapter 6 contains conclusion and future work.



Chapter 2

Related Work

Software architecture visualization has emerged as an essential aspect of software
engineering over the past two decades. The software community has developed many
methods and tools to help understand high-level architecture design. However, there
are some differences that distinguish this work from others.

This section will include a description of previous studies on software architecture
visualization, visualization tools, and evaluation methods for software architecture
visualization and visualization tools, including how and in what domains these tools
are implemented, among other things.

In [12], the systematic literature review is performed on software architecture
visualization techniques, and 53 papers were selected based on pre-defined inclusion
and exclusion criteria. This study aimed to investigate and identify the various types
of visualization techniques used, what is the relationship between different visual-
ization techniques and architecture activities and what are the different purposes of
using visualization techniques. This paper shows that the most popular visualization
technique is Graph-based visualization among Notation-based visualization, Matrix-
based visualization, and Metaphor-based visualization. These different categories are
further explained in section 2.1. This paper presents evidence that graph-based vi-
sualization is a widely used technique in architectural activities. This paper also has
ten categories in a section explaining the purpose of using visualization techniques
such as Improve the understanding of architecture evolution, Improve the under-
standing of static characteristics of architecture, Improve search, navigation, and
exploration of architecture design. This paper also states that the main method for
evaluating architecture visualization is the industrial study, commonly done as a case
study. The data in this thesis supports the use of a graph-based technique, As a re-
sult, the implementation of the visualization tool in this study adopts a graph-based
technique. Another concept relevant to this thesis from this paper is the purpose of
using visualization techniques; the category relevant to us in this study is improving
search, navigation, and exploration of architectural design. This thesis is entirely
based on the idea of improving search in our complex software architecture.

Software systems are often large, complex systems consisting of thousands of hi-
erarchically organized elements like directories, sub-directories, files, and functions.
Often these hierarchy elements can carry additional information worth investigating
for a software developer. Burch et al. in [18]|, have implemented hierarchy visu-
alization based on the visual metaphor of indentation to generate an overview of
the software system hierarchy and have a functionality to easily attach additional
attributes. They have also provided interactive functionality like filtering, hierarchy

9
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transformations, and details on demand. This paper serves as a reference for the
current thesis, as it presents a user study that compares the effectiveness of indented
hierarchy visualization against the traditional node-link diagram using datasets of
three sizes. This paper emphasized how important it is to have an overview of a
system, which is one of our motivations for this thesis.

In [19] authors developed an interactive visualization using a conversational user
interface rather than a graphical user interface. The visualization technique used
in this paper is graph visualization. This visualization gets events from the chat-
bot, filters them, modifies the graphic accordingly and finally, it is integrated with
previously developed visualization of OSGi-based projects [20]. Similarly, [18] also
highlights the challenge to preserve an overview of the software architectures with
the modern software systems and their complexities.

To gain more understanding of the software maintenance activities, EXTRAVIS
tool was used. EXTRAVIS is a tool for the visualization of large traces. The first
controlled experiment was carried out by Cornelissen et al. in [21,22] which provides
a quantitative evaluation of trace visualization for program comprehension. It also
identifies the tasks for which EXTRAVIS is most helpful and provides empirical
evidence that the additional availability of this trace visualization tool can provide
benefits with regard to time and correctness.

As an extension to this, Fittkau et al. [23]|performed two controlled experiments
with different-sized object systems to compare the trace visualization tools ExtraVis
and ExplorViz in typical program comprehension tasks. ExplorViz provides multi-
level visualization from the software landscape layer toward the level of individual
software applications [24]. The participants used both tools for a small-sized system
equally to perform program comprehension tasks, employing ExplorViz resulted in a
significant efficiency edge of 28 percent less time spent by using ExplorViz. ExplorViz
significantly increased correctness for both object system sizes with 39 and 61 percent
in terms of effectiveness.

In [25] Lam et al. have formulated evaluation scenarios of information visualiza-
tion, which they categorized into two main subcategories which are the scenarios for
understanding the data analysis process and the scenarios for understanding visual-
izations. These are later divided into seven scenarios understanding environments
and work practices (UWP), evaluating visual data analysis and reasoning (VDAR),
evaluating communication through visualization(CTV) evaluating user performance
(UP), evaluating user experience (UE), and evaluating visualization algorithms (VA).
This paper provides an overview of the seven scenarios and makes it clear for the
researchers and practitioners to understand and choose the right evaluation goals.
Each evaluation scenario describes the evaluation goal and outputs evaluation ques-
tions and common approaches in that scenario. After understanding the different
evaluation scenarios, the evaluation method User Performance is selected for this
thesis.

The research [26] is an Empirical evaluation of Linked Data visualization tools,
in which they conducted a function-based evaluation and comparison of different
tools. Generally Linked Data visualization aims to provide graphical representations
of datasets. This paper provides an overview of previous graph visualization research
as well as some inspiration for how a graph visualization tool should be implemented.
Some of the graph-based visualization techniques discussed in this paper include
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Aemoo [27], Graphless [28]|, H-BOLD [29], graphvizDB [30].

2.1 Visualization Techniques

The various visualization techniques that are currently used in software architecture
over time are Graph-based visualization, Notation-based visualization, Matrix-based
visualization, and Metaphor-based visualization [12].

A form of data representation approach known as graph-based visualization makes
use of nodes and edges to visually illustrate the relationships between various com-
ponents. In this paper, we adopt the use of graph-based visualization to depict the
relationships between elements in the architecture. The use of graphs is motivated by
the need to effectively communicate connections between elements that are consid-
ered relevant and useful. This approach is considered suitable when a comprehensive
understanding of the overall structure is desired.

An example of how a graph-based visualization can be implemented is demon-
strated in Figure 2.1.

=| SA3 Software Architecture Documer

*| Topic Properties /ouse/ssbse/ione

Figure 2.1: Graph-based Visualization (from [1,2])

Notation-based visualization: A way of expressing information or data using sym-
bols, forms, and icons, as well as other graphic components, that adhere to a set of
rules or norms, is known as notation-based visualization. Three modeling method-
ologies are combined in this category: SysML (systems modeling language), UML
(unified modeling language), and specific notation-based visualization. A general-
purpose modeling language called SysML is used to specify, analyze, create, verity,
and validate complex systems, including software, hardware, and information sys-
tems. UML is a general-purpose, industry-standard visual modeling language used
to specify, design, construct, and document software-intensive systems. Mostly in
notation-based visualization, custom notations are used while developing a tool. Ex-
amples of notation-based are shown in Figure 2.2.

Matrix-based visualization: Matrix-based approaches show dynamic graphs as
adjacency matrices, where intra-cell timelines show the dynamics of edge and node
weights, an example of a matrix based is shown in Figure 2.3.
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Figure 2.3: Matrix-based Visualization (from [5])
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Figure 2.4: Metaphor-based Visualization (from [6])

Metaphor-based visualization: In the general context, a visualization metaphor
is described as a map showing the relationships between ideas and things in the
application domain being modeled and a set of analogies and comparisons. In this
context, Metaphor-based visualization builds familiar physical world contexts (e.g.,
cities) to visualize software architecture entities and their relationships. Figure 2.4
depicts how a metaphor-based visualization can be.



Chapter 3

Method

This section will describe the research method used to answer the research questions.
This section also includes information on the research method setup and procedure
for answering the research question.

3.1 Research Method Selection

A research can be conducted in many ways for example, Experiment [31], Case
study [32], Survey [33] and so on. The research method selected for this thesis is
Experiment and the data for the experiment is collected through a User Study.

Experiment: A experiment is an investigation of a testable hypothesis where one
or more independent variables are manipulated to measure their effect on one or more
dependent variables [34]. Generally, experiments involve more than one treatment
to compare the outcomes. In this thesis, the comparison is between the implemented
visualization and with the documentation and UML component diagram [31].

The data gathered during the user study will be subjected to quantitative analy-
sis. The purpose of using quantitative analysis in this thesis is driven by its focus on
numerical, quantifiable data, which is most often seen as more accurate or valuable
than qualitative research. Quantitative data can be generalized to larger populations
if a sufficient number of participants are included in the study. On the contrary,
qualitative data is often more in-depth and reliable when the focus is on individual
participants [35].

User Study: By definition, user studies are about people, behavior, and con-
texts [36].In order to evaluate the effectiveness of the visualizations created, an at-
tempt was made to conduct a user study with a group of employees from Ericsson.

3.2 Research Design

The research for this thesis starts with collecting requirements and data from Erics-
son. This is an important step as the understanding of the requirements and data is
critical to the process. The subsequent step involves identifying a challenge within
Ericsson’s current setup and explaining its potential impact on the field of research,
as well as proposing a solution for Ericsson. Upon a clear understanding of the
problem, research questions are then formulated.

The objective of this thesis is to develop a visualization tool for software archi-
tecture documentation, with the aim of improving user experience and convenience.

13



14 Chapter 3. Method

To achieve this goal, it is necessary to have a comprehensive understanding of the
stakeholders needs and expectations from the visualization. This understanding is
obtained through conducting preliminary interviews with the stakeholders.

The next step in the research design is to carry out the implementation of the vi-
sualization tool as per the identified requirements. Subsequently, the tool is evaluated
through a comparative user study, which allows for a comparison of the visualization
tool with existing software architecture documentation. The results of this study
are documented and presented in a comprehensive manner for further analysis and
future reference.

Figure 3.1 describes the research design flow.

Understanding the Data Formulating Research Preliminary Interviews
and Visualization concept Questions with Stakeholders

Implementing
Visualization tool

. Conducting Comparative Evaluation of Visualization
User-Study Results < User-Study < ool through User-Study

Figure 3.1: Research Design

3.3 Data Collected from Ericsson

The data used in this thesis is provided by Ericsson in the form of a JSON file,
which serves as the basis for the visualization of the software architecture. The
use of JSON as a data format is a common choice for web applications as it is easily
exchangeable, compact, text-based, human-readable, and can be edited with a simple
text editor [37]. The JSON file provided by Ericsson is divided into two sections as
‘services’ and ‘interfaces’. Each service has two relationships, ‘exposed interfaces’
and ‘consumed interfaces’ that connect to the interface section.

3.4 Preliminary Interview

The whole vision of developing a visualization is for the users to spend less time and
get the most out of it. Initially, after getting the requirements from the company,
the next step was to conduct a preliminary interview to collect the user goals and
user personas from the different stakeholders. Understanding the target audience is
fundamental to creating good visualization. Understanding the user persons helps the
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understanding of the expectations and concerns of users and what they are looking
for in architecture. This will help to design a visualization that will satisfy the user’s
needs. Exploratory pilot interviews are conducted to collect information.

Interviews are generally categorized as structured, unstructured and semi-structured [31].
In this thesis, semi-structured interviews are conducted, which means that the ques-
tions in the user study can be asked in a different order, and participants can give
additional information during the user study according to the context if desired.

The interviews conducted were recorded by taking proper consent from the stake-
holders. The interviews are recorded to serve as a reference for future reference if
needed.

The questions asked in this preliminary interview are :

1. What is your role in the organization?

2. How frequently do you refer to the software architecture?
3. How familiar are you with the architecture?

4. What are your use cases with the architecture?

5. What are your goals when exploring architecture?

6. What information do you need to achieve this goal?

7. How much time do you spend looking or browsing the architecture before you
are able to act on their goals? What do you look for in this exploration?

8. How do you explore the architecture now?
9. How would you expect to be able to explore the architecture?

10. What are the pain points? What information can’t you get from the archi-
tecture? What information could you not trust? Where else do you need to
look/whom else do you need to talk to?

11. What applications/services is your work mostly focused on?

3.5 Implementation of Visualization tool for Soft-
ware Architecture Documentation

After conducting a thorough investigation of the requirements provided by stake-
holders and analyzing the data provided by Ericsson, it was determined that the
data consisted of multiple interconnected components. Upon further examination, it
was concluded that the relationships present in the data would best be represented
through the use of graph-based visualization techniques.

The main programming language used to implement the tool is javascript and
the libraries used are D3.js with Nodejs, HTML, and CSS. To start with, the in-
stallation of a Node.js application with the Express library was carried out, followed
by the integration of D3.js with it. Node.js is a JavaScript runtime environment for
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the back end. Express is the leading Node.js web server library, it nicely abstracts
Node.js’s ability to open ports and serve content into an easy-to-use API that is very
light and fast. D3.js is a popular JavaScript library for manipulating documents
based on data. D3 helps you bring data to life using HTML, SVG, and CSS [38].

D3.js provides a large range of graph-based visualization [39] depending on the
type of relationship in the data, some of the examples are Radial Tree Diagrams,
Enclosures, Force Directed, Circle Packing, Node & Edge Visual Encodings.

In this thesis, Force Directed Graph visualization was employed as the founda-
tional concept, and the visualization was created using the data. Force-directed
graph visualization is a well-known technique for displaying complex networks and
relationships. It uses physics concepts to establish an attractive or repulsive force
between nodes, resulting in a clean and visually appealing layout. This type of
graph allows for interactivity, with the ability to make real-time modifications such
as moving nodes, zooming and highlighting connections for improved exploration.
Force-directed visualization is scalable and widely used across various fields to study
complex systems.

The implemented visualization tool is shown in Figure 3.2.
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Figure 3.2: Implemented Visualization Tool Overview

Upon opening the online user interface, an interactive representation of the archi-
tecture becomes visible. The square shapes in the visualization depict services while
the circular shapes represent interfaces. These services have two interface relation-
ships as exposed interfaces and consumed interfaces. When a service has an exposed
interface relationship, the arrow points toward the service. Conversely, when a ser-
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vice has a consumed interface relationship, the arrow points away from the service
and toward the interface.
The relationship between service and interface is shown in Figure 3.3.

O Interface

Consumed Interfaces

ko Exposed Interface

Figure 3.3: Relationship between Service and Interface

Additionally, the visualization tool includes a search feature that allows users to
easily locate specific services or interfaces. When a service or interface is searched,
all related connections are displayed. The search feature also includes a suggestion
function that presents possible matches as the user begins typing in the search box,
making it easier to find what they’re looking for. Figure 3.4 illustrates the search
box feature that provides suggestions.

The visualization tool also includes a zoom function, which enables the user to
adjust the scale of the graph. This function is particularly useful as it provides the
ability to view either a high-level overview or a more detailed look at the graph,
depending on the user’s needs. The zoom capability allows the user to easily con-
centrate on specific areas of the graph, thereby enhancing the understanding of the
details present in the graph.

Figure 3.6 demonstrates that when the ‘patel’ interface is searched, all the con-
nected services are highlighted in the graph, providing a clear illustration of its
connections.

In Figure 3.5, when searching for a specific service, such as ‘gates’, the visualiza-
tion tool highlights all the connected interfaces.

In the user interface, there is a convenient sidebar located on the left-hand side
that lists all the names of the services and interfaces. This serves as a quick reference
for users who may not have the exact name in mind to search for. By browsing
through the names in the sidebar, users can easily select the desired services or
interfaces. Upon clicking on a name in the sidebar, the corresponding element and
all its connections will be highlighted in the graph, providing a similar experience to
using the search box feature.

The selection of colors for the squares and circles in the visualization was made
with care and consideration for individuals with color blindness. The two colors,
blue and yellow, were chosen as they are easily distinguishable for those with color
vision deficiencies [40]. This ensures that the visualization can be effectively used by
a wider range of users.
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3.6 User Study

In this study, we aim to assess the effectiveness of graph visualization tool in com-
parison to documentation with regard to three crucial aspects: the amount of time
required to answer architectural questions, the correctness of answering the architec-
tural questions and minimizing the cognitive load experienced by users. In line with
this objective, this study aims to compare the subjective workload experienced by
users when using the visualization tool and when using documentation with a UML
component diagram.

As part of this study, an experiment was conducted and data for the experiment is
collected through conducting a comparative user study to evaluate the three aspects
as mentioned above.

Three research questions have been formulated:

RQ1: Does the use of the implemented visualization tool reduces the time taken to
understand the structure of a system architecture compared to using documentation
and a UML component diagram?

RQ2: Does using implemented visualization tool improved the correctness of under-
standing the structure of system architecture and answering architectural questions
as compared to using documentation and a UML component diagram?

RQ3: Does using the implemented visualization tool reduce the user’s subjective
workload when working with the software architecture compared to using the docu-
mentation and UML component diagram?

Based on the Research Questions, Null Hypothesis is formulated as

H1y : The use of a visualization tool does not impact the time taken to answer the
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architectural questions.

H?2, : The use of a visualization tool does not impact the correctness of understand-
ing the overall structure of the system architecture.

H3g : The subjective workload on the users is the same while using the visualization
tool and the documentation with the UML component diagram.

Alternate Hypotheses to the above Null Hypothesis for this thesis are:

H1: The use of the visualization tool reduces the time taken to answer architectural
questions.

H2: The use of the visualization tool increases the correctness of the answers to
architectural questions.

H3: The use of the visualization tool decreases the experienced subjective workload
on the users while answering the questions during the user study.

In order to test the hypotheses H1y, H2y and H3, a set of questions related
to software architecture were developed and presented to participants during the
user study. The procedure for conducting the user study is outlined in detail in
Section 3.6.2. The statistical method chosen to test the hypotheses was the Wilcoxon
Signed Rank Test, and a description of this method is provided in Section 3.6.5.

The NASA Task Load Index (NASA-TLX) assessment was utilized to assess the
subjective workload of participants in this study. After answering the questions,
each participant was asked to fill out the NASA-TLX form to provide a comprehen-
sive evaluation of their subjective workload. The following section 3.6.6 provides a
description of the NASA-TLX assessment.

3.6.1 Variables

According to standard practices in empirical software engineering, as outlined in [41],
The dependent variables recognized are ‘time’, ‘correctness’ and ‘subjective work-
load’. The availability of the implemented visualization tool and access to the archi-
tecture documentation serves as the independent variable.

3.6.2 User Study Procedure

This section will provide an in-depth explanation of the design of the user study and
a step-by-step overview of the study procedure.

Throughout this thesis, Scenario 1 is defined as the architecture documentation
and UML component diagram. On the other hand, Scenario 2 is described as the
implemented visualization tool.

The steps of the user study, as depicted in Figure 3.7, are outlined below.

' Introduction Scenario 1 NASA-TLX for Scenario 2 NASA-TLX for
START » i L z — : L = END
on user study questionnaire Scenario 1 guestionnaire Scenario 2 :

Figure 3.7: User Study Design Flow

The user study begins with briefing the participants with an introduction to what
the user study will be about, the different parts of the user study, a brief introduction
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to the architecture and what the participants can expect from the architecture, and
what the participant’s task is in the user study. The user study follows all basic
guidelines and obtains proper consent from participants, both verbally and through
the questionnaire. The participants are informed in the introduction that they have
the freedom to discontinue the study at any time without explanation. The partic-
ipants are also informed that it would approximately take 25 minutes to complete
the whole user study.

The next phase of the user study involves presenting two scenarios to participants
and gathering their responses. In scenario 1, participants are presented with an
introduction and asked to answer four architectural questions and the time taken to
answer each question was recorded. After answering the questions, they are asked
to fill out a NASA TLX assessment form. Similarly, in scenario 2, participants
are introduced to the scenario and asked to answer four architectural questions and
the time taken to answer each question was recorded. Once the participants have
completed the questions, they are again asked to fill out a NASA TLX assessment
form to measure their experience.

This study employs the use of two NASA TLX assessment forms in order to de-
termine the subjective workload of two scenarios separately. Upon the completion
of filling out the second assessment form, the user study is concluded and the par-
ticipants are sincerely thanked for their invaluable cooperation and time invested in
the study.

In this comparative user study, the focus is on comparing the implemented vi-
sualization with the existing documentation and a UML component diagram. To
conduct a valid comparison, it is crucial to have two similar tools to compare. Un-
fortunately, Ericsson does not have any visual representation of the overall structure
of its components and their relationships. To establish a proper baseline for the com-
parative study, a UML diagram was manually created using the StarUML tool [42],
utilizing the data provided by Ericsson.

This user study was conducted remotely through a virtual meeting setup on
Microsoft Teams, where participants were asked to share their screens during the
session. The entire study was supervised remotely, allowing for the clarification of
any questions regarding the setup or architectural questions during the course of the
user study. An online questionnaire was created using a tool, where each question
was equipped with a timer that automatically started when the question appeared
and stopped when the participant moved on to the next question. To avoid any
biases in the answers, the participants were kept unaware of the ultimate goal of the
user study.

This user study was designed as a within-subject study [43], meaning that each
participant answered questions in both scenarios. In this case, the same person re-
sponded to four questions related to the visualization tool and four questions related
to the documentation and UML component diagram. The advantage of using a
within-subject design is that it provides a strong basis for comparison, as the user’s
performance remains constant across both scenarios. Additionally, using this design
minimizes the number of participants required for the study, making it ideal for our
situation. While there are clear advantages to using a within-subject study design,
it is also important to recognize its limitations. In addition to the advantages of the
system, it is important to acknowledge its limitations. One of the limitations is that
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the user study can take a considerable amount of time to complete. Another issue
is the presence of a carryover effect, which can impact the results of the study. Fur-
thermore, when collaborating with an external company, it can become challenging
to secure participants for the user study.

The user study was conducted utilizing a counterbalanced design methodol-
ogy [44]. This design technique effectively manages the impact of variables in sit-
uations where participants are repeatedly exposed to different conditions. In this
user study, a sample of 15 participants was used. Seven participants are randomly
assigned to answer Scenario 1 followed by Scenario 2, while eight participants are
asked to answer Scenario 2 prior to Scenario 1.

3.6.3 User-Study Questions

In the user study, the participants are requested to answer four architectural ques-
tions for each scenario. The description of these questions is described in this section.

In this study, the UML component diagram consists of the data provided by
Ericsson, while for the purpose of this user study, the data in the implemented
visualization tool is randomly generated names with the same architectural structure
as the Ericsson data, but with different names. This was done to eliminate any
carryover effect and ensure accurate results.

In the formulation of the questions, two critical criteria were considered: first,
the questions should accurately represent actual architectural questions, and second,
they should not exhibit bias towards either the implemented visualization tool or the
UML component diagram-based architectural documentation.

Four questions are formulated for each scenario, but the sets of questions in the
two scenarios are identical except for the name of the component they refer to. For
example, in scenario 1 the component is named ‘commit’, while in scenario 2 it is
referred to as ‘randal’. These names have been mapped to the same component, but
in order to eliminate any carryover effects the names are changed for scenario two.

The questions asked during the user study are:

e Question 1:
There is a service called ‘service-x’. What are the consumed interfaces exposed
interfaces of this service? Please write the names of all these interfaces, that
are Exposed Interfaces and the Consumed Interfaces.

e Question 2:
What do you think are the two ‘hotspot’ services, i.e., the two services having
the highest number of interfaces?

e Question 3:
If the exposed interfaces of ‘service-x’ have to be modified, which services con-
suming these interfaces are affected?

e Question 4:
Do ‘service-y’ and ‘service-z’ have consumed interface(s) in common? If yes,
write the name(s) of the interface(s) and write also the name(s) of the service(s)
that expose the interface(s).
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To make this user study more realistic, the answers to these questions are asked to
be filled in a textbox rather than multiple choice questions, making it more difficult
for participants to guess and have genuine answers.

The formulation of these questions was the result of engaging in discussions with
Ericsson employees, gathering insights from preliminary stakeholder interviews, and
gaining knowledge about the software architecture.

3.6.4 Participants

The user study primarily involves developers from various teams within Ericsson
as participants. It is important to note that the selected individuals have no prior
knowledge or experience with the software architecture used in this thesis. This en-
sures that the results are not influenced by their prior knowledge. All participants
voluntarily participated in the study, indicating their motivation towards contribut-
ing to the research.

3.6.5 Wilcoxon Signed Rank Test

The Wilcoxon signed-rank test is a statistical method used to compare data from
one population that has two effects. It is a non-parametric test, meaning that the
data does not follow a specific pattern or distribution [45].

This test is a non-parametric alternative to the paired Student t-distribution. The
Wilcoxon signed-rank test works by comparing the median of the sample data to a
hypothetical median. This is done to determine whether the sample data deviates
significantly from the hypothetical median, providing insights into the characteristics
of the data.

The Wilcoxon signed-rank test is suitable for this user study as the sample size
is small and the test is designed to compare one population with two effects.

The calculation of the statistic value for the Wilcoxon test does not require man-
ual computation of formulas. Instead, a convenient solution is provided by the open-
source library scipy [46] in the Python programming language. The scipy.stats pack-
age within scipy offers a wide range of statistical functions and probability distribu-
tions, making the Wilcoxon test simpler to perform. Data can be entered manually
or loaded from a CSV or excel file in Python, as demonstrated in the Figure 3.8 using
an example data set.

# Create data

import scipy.stats as stats
groupl [456, 564, 54, 554, 54, 51, 1, 12, 45, 5]
[65, 87, 456, 564, 456, 564, 564, 6, 4, 564]

group2

# conduct the Wilcoxon-Signed Rank Test
stats.wilcoxon(groupl, group2)

WilcoxonResult(statistic=15.8, pvalue=0.232421875)

Figure 3.8: Example Wilcoxon Signed Rank Test using Python
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The Wilcoxon signed-rank method generates a test statistic value, known as a
z-score, which is converted into a ‘p-value’. The p-value represents the likelihood
that both populations are identical. A smaller p-value implies a more considerable
difference between populations.

3.6.6 NASA TLX Assessment Test

The NASA-TLX is a multidimensional tool used to assess the mental workload of
an individual while they are performing a task. The third research question is ad-
dressed by utilizing the tool. It is a popular evaluation tool created by The Human
Performance Group at NASA’s Ames Research Center [47] and has been used in
various domains including healthcare, aviation and other complex socio-technical
domains [48,49|. The tool requires the users to answer six subjective questions to
determine their mental workload.

The six subjective questions are :

e Mental Demand:
How mentally demanding was the task?

e Physical Demand:
How physically demanding was the task?

e Temporal Demand:
How hurried or rushed was the pace of the task?

e Performance:
How successful were you in accomplishing what you were asked to do?

e Effort:
How hard did you have to work to accomplish your level of performance?

e Frustration:
How insecure, discouraged, irritated, stressed, and annoyed were you?

The NASA-TLX assessment tool consists of six subjective subscales that are graded
using 7-point scales, ranging from very low to very high, except for the performance
subscale which ranges from perfect to failure. In general, when the scores for a
particular subjective question are low on the scale, it can be inferred that the users
experienced a lower level of workload.

The NASA-TLX tool, being open-source in nature, enables utilization by in-
dividuals and organizations across the world without seeking prior permission or
authorization from NASA. Additionally, the tool may be altered, such as through
language translation, without encountering any limitations.
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Results and Analysis

This chapter presents the results of the research questions, and user study and pro-
vides an analysis of the collected data.

4.1 Preliminary Interview with Stakeholders

This study involved conducting interviews with employees of Ericsson. In order to
maintain the confidentiality and privacy of the stakeholders as per ethical principles,
the names of the stakeholders have been omitted. The stakeholders will be referred
to by their positions within the organization. Five stakeholders with varying roles in
the organization, including architects, managers and developers, were interviewed.

The conclusions drawn from the preliminary interviews are as follows: The ar-
chitects in the team, work a lot with the architecture and are very familiar with the
architecture. They use many different kinds of information and are the ones who
know architecture the best. The developers in the team don’t use the architecture
much hence they have limited knowledge on the architecture. Meanwhile, the man-
agers, who possess a competent understanding of the architecture, do not utilize it
as frequently as the architects.

It was revealed through the interviews that the complexity of the architecture
makes it challenging for users to locate the desired information in a timely manner.
A common desire among all users for a more abstract and higher-level view of con-
nections was expressed. The architects who regularly interact with the architecture
expressed a preference for multiple abstract views of the same data, providing an
overall illustration of the connections between components. The implementation of
an API for the architecture was proposed as a solution by one of the developers.

During the interview, the stakeholders were asked about the tasks and questions
they typically have when working with the architecture. The architects reported that
they often begin by investigating the connections between two services, including all
the interfaces that connect them. They may also need to understand the overall
connections of the components, including its dependencies and the impact on other
components.

The developers indicated that when making changes to the code for a service or
interface, they must first understand the dependencies of the components. Similarly,
when adding a new component, it is important to understand the overall structure
of the architecture. Additionally, it is recognized that the specific needs of each
stakeholder are dependent on the requirements of the situation.

25
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It was determined that all stakeholders had a common expectation for the devel-
opment of a tool that would be to provide dynamic search options, filtering capabili-
ties, and visualization of the connections between all services within the architecture.

4.2 Experiment Results

The present study aims to evaluate the validity of a visualization tool for software
architecture that has been developed based on the requirements of stakeholders.
Three research questions are addressed in this evaluation: the time spent on the
tool, the correctness of the users understanding of the software architecture and the
subjective workload experienced by the users. The evaluation is conducted through
a user study, and the collected data is organized and stored in an excel spreadsheet
for analysis. The evaluation metric used in this study is ‘User Performance’.

To outline, the scenarios discussed here are Scenario 1 is documentation with a
UML component diagram, and Scenario 2 is the implementation of the visualization
tool.

4.2.1 Time Result

This section will focus on the hypothesis associated with Research Question 1, which
is the time spent by users in the different scenarios to answer the questions during the
user study. The hypothesis will be tested using the Wilcoxon signed rank statistical
method. The collected data is displayed in a grouped bar chart as shown in Figure
4.1. The grouped bar chart represents the data for both Scenario 1 and Scenario 2.
Initially, the response time for each question was collected, however, for evaluation
purposes, the total time that a user spent answering four questions in a given scenario
was calculated by adding the time for each individual question.

Time spent

W Documentation with UML component diagram Wisualization tool

Time spent in minutes
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.

=]
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Number of participants

Figure 4.1: Grouped Bar Chart of Time Data



4.2. Experiment Results 27

In the Grouped Bar Chart, the x-axis represents the number of participants,
while the y-axis denotes the duration in minutes that each participant spent on each
scenario. The box plot diagram in Figure 4.2 provides a visual representation of
the distribution of the time data, allowing for a comprehensive understanding of the
data’s distribution.
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Figure 4.2: Box Plot Chart of Time Data

To test the hypothesis, a predefined function provided by python was utilized to
calculate Wilcoxon singed ranked test, as illustrated in Figure 4.3.

import scipy.stats as stats

groupl = [13.31,12.6,15.45,11.8,10.8,14.9,10.73,13.1,14.2,12.3,14.05,12.43,11.03,12.73,13.4]

[10.18,9.9,12.5,9.86,8.4,11.8,8.2,10.3,9.86,9.3,10.57,10.43,8.27,9.2,9.54]

group2
# conduct the Wilcoxen-S5igned Rank Test

[St,p]l=stats.wilcoxon(groupl, group2)
print("statistic=",St ,"and pvalue=",p)
print("%.16f" % p)

statistic= 8.8 and pvalue= 6.183515625e-85
8.0000618352

Figure 4.3: Wilcoxon Signed Rank Test for Time Data

To test the hypothesis, the p-value was used as a means of comparison. A way
to test with the p-value is to say that the null hypothesis is rejected if the p-value is
less than or equal to the alpha value. The value obtained from the python function
is 6.10e ™% which is equivalent to 0.000061 which is less than 0.05(alpha value) hence
it is evident that the null hypothesis is rejected and there is a significant difference
in time spent by the users in the two scenarios.
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4.2.2 Correctness Result

In this section, the focus will be on evaluating the hypothesis related to research
question 2, which aims to determine whether the users have correctly answered ar-
chitectural questions and have understood the architecture properly.

The procedure used in evaluating the correctness of the answers in the question-
naire involves assigning specific points to each question. The user is assigned these
points if they provide a correct response. The first three questions have a similar
level of complexity and are each assigned one point. The fourth question, which is
comparatively more challenging with a longer answer, is assigned two points. If a
user provides a complete and accurate response, they will receive two points. If their
response is partially correct, they will receive one point. The scores of the users are
obtained by aggregating the points earned for each question. The scoring system
ranges from 0 to 5, with 5 being the highest score attainable.

The scores gained by all the users are shown in the group bar chart in Figure 4.4.
The x-axis represents the number of participants, while the y-axis reflects the score
obtained by each participant.
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Figure 4.4: Grouped Bar Chart of Correctness Data

The box plot chart in Figure 4.5 serves to describe the distribution of the data,
providing insight into its distribution pattern.
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Figure 4.5: Box Plot Chart of Correctness Data

In order to validate the hypothesis, the Wilcoxon signed rank test values were
obtained through the implementation of a pre-defined statistical library in Python,
as depicted in Figure 4.6. The p-value obtained through the function is 0.1967. In
this case, the obtained p-value is greater than the chosen level of significance (alpha)
of 0.05. Therefore, it can be concluded that the null hypothesis is accepted.

import scipy.stats as stats

groupl = [3,2,5,4,3.4.5,2.3.5,3. 4 4.3 3]
group? = [3,4,4.4 4 5.5,3.4.4.45,3.2 1]
# conduct the Wilcoxon-5igned Rank Test
stats.wilcoxon(groupl, group2)

WilcoxonResult(statistic=24.8, pvalue=0.19678568245894686)

Figure 4.6: Wilcoxon Signed Rank Test for Correctness Data

4.2.3 NASA-TLX Assessment Result

To test the hypothesis regarding research question 3, This NASA-TLX assessment
test is performed. For this research, a 7-point scale was utilized in the NASA-TLX
assessment form for the purpose of measuring the workload experienced by the users
during the user study. users were asked to fill out the assessment form twice after
completing a questionnaire for each scenario.

To analyze the results, each subjective question was evaluated individually based
on the scores given by each user and to effectively present the results of the evaluation
of the NASA TLX assessment tool, separate grouped bar charts and box-plot charts
were generated for each of the six subjective questions. These charts serve as a visual
representation of the data collected and to understand the data distribution through
box-plot diagrams as represented in Figure 4.7, 4.8, 4.9, 4.10, 4.11, 4.12.



30

7-point scale

7-point scale

7-point scale

e N N

0

IS

w

[N}

-

0

-

[

Chapter 4. Results and Analysis

MENTAL DEMAND MENTAL DEMAND

B Documentation&UML diagram m Visualization tool

5

4

° 3

RARRRR ARSI NE.
i 2 3 4 5 6 7 8 9 10 11 12 13 14 1

5 1

B Documentation&UML diagram [ Visualization tool

7-point scale

Number of participants

Figure 4.7: Grouped bar chart and Box Plot for Mental Demand
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Figure 4.9: Grouped bar chart and Box Plot for Temporal Demand
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The data obtained from the six subjective questions were independently analyzed
using the Wilcoxon signed-rank test. The results of this analysis for each of the six
subjective questions are displayed in Figures 4.13,4.14,4.15,4.16,4.17,4.18.

# Mental Demand
import scipy.stats as stats

groupl = [6,5,4,5,6,5,4,4,6,5,6,4,5,6,3]
group2 = [3,2,2,4,4,3,1,2,3,2,3,2,2,3,1]

# conduct the Wilcoxon-Signed Rank Test
stats.wilcoxon(groupl, group2)

WilcoxonResult(statistic=0.8, pvalue=6.103515625e-05)

Figure 4.13: Wilcoxon Signed Rank Test for Mental Demand

# Physical Demand
import scipy.stats as stats

groupl = [1,1,5,4,4,5,3,4,7,5,5,4,5,4,6]
group2 = [3,2,3,4,3,2,1,3,2,2,2,2,1,2,2]

# conduct the Wilcoxon-Signed Rank Test
stats.wilcoxon(groupl, group2)

WilcoxonResult(statistic=8.0, pvalue=0.004897128856892745)

Figure 4.14: Wilcoxon Signed Rank Test for Physical Demand

# Temporal Demand
import scipy.stats as stats

groupl = [6,5,2,2,4,4,5,4,4,4,4,2,3,2.4]
EROUp2R=N [ S A o oI ) L oo
# conduct the Wilcoxon-Signed Rank Test
stats.wilcoxon(groupl, group2)

WilcoxonResult(statistic=3.5, pvalue=0.0017978110947444845)

Figure 4.15: Wilcoxon Signed Rank Test for Temporal Demand

The results of the Wilcoxon signed-rank test for five subjective questions showed
that the p-value was below the chosen alpha level of 0.05 and for performance ques-
tions, the p-value is more than the alpha value. As the subjective question on
performance is not a crucial aspect of this research, It can be concluded that the null
hypothesis for research question 3 is rejected. In other words, it can be concluded
that there is a significant difference in the subjective ratings given by the user for
each of the six questions.

The bar charts in Figure 4.19 present the values chosen by various participants
in the two scenarios on a seven-point scale in the NASA-TLX assessment form, and
it clearly shows that the visualization tool had lower values in all the subjective
questions. This demonstrates that the subjective workload experienced by users
during the user study was lower with the implementation of the visualization tool
compared to the documentation using a UML component diagram.
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#Performace
import scipy.stats as stats

groupl
group2

[1,1,1,3,3,3,3,6,3,2,2,3,2,1,2]
[1,2,2,3,2,1,1,2,1,1,1,2,2,1,1]

# conduct the Wilcoxon-Signed Rank Test
stats.wilcoxon(groupl, group2)

WilcoxonResult(statistic=8.0, pvalue=0.021920290335159895)

Figure 4.16: Wilcoxon Signed Rank Test for Performance

#Frustation
import scipy.stats as stats

groupl = [3,2,3,1,5,4,4,6,3,4,3,3,3,3,3]
croup? = [2;1;2,3.3.3.1,1.2.2,9.1,;2.1.1]

# conduct the Wilcoxon-Signed Rank Test
stats.wilcoxon(groupl, group2)

WilcoxonResult(statistic=108.5, pvalue=0.003356933539375)

Figure 4.17: Wilcoxon Signed Rank Test for Frustration

#Effort
import scipy.stats as stats

groupl
group2

[5,5,5,3,5,4,5,6,3,5,4,3,3,4,2]
[3,2,2,4,2,2,1,3,2,2,2,1,2,2,2]

# conduct the Wilcoxon-Signed Rank Test
stats.wilcoxon(groupl, group2)

WilcoxonResult(statistic=2.0, pvalue=0.0013499768271496462)

Figure 4.18: Wilcoxon Signed Rank Test for Effort
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Figure 4.19: User Responses for NASA-TLX Assessment Test



Chapter 5

Discussion

This section includes discussions regarding the collected data, results, summarizing
the thesis as a whole, and addressing threats to validity.

During the user study, the participants, who were employees of Ericsson, were
given access to the software architecture documentation and the UML component
diagram. However, all of the participants used only the UML component diagram in
answering the questions due to their unfamiliarity with the architecture and difficulty
in navigating and searching through the voluminous documentation, which they had
not encountered previously.

At the start of the user study, some participants expressed some level of intim-
idation when answering questions using the documentation and UML component
diagram. This was due to the lack of prior knowledge about the architecture and
the complexity of the large number of components and complex UML component
diagram.

When answering the first question, which involved searching for a service and list-
ing its connected interfaces, the participants were able to quickly locate the services
in the UML diagram. However, navigating to the connected interfaces proved chal-
lenging due to numerous overlapping lines, which made it difficult for the human eye
to track and follow the line. This resulted in participants missing the connection and
having to restart from the beginning. Later during the user study, it was observed
that the last architectural in the questionnaire proved to be more challenging for the
participants compared to other questions due to its increased level of complexity.

While answering the questions in the UML diagram, they wished that there was
a search option because, after a while, they were a little exhausted trying to use the
UML diagram to answer the question as they did not know the end goal of the thesis
and one of the participant questioned the use of a UML diagram when the company
already had a visualization because the participants did not know the end-user goal.

While using the implemented visualization tool, the participants made no com-
plaints about how to use the tool, how to navigate, or anything else. The participants
were mostly satisfied with the tool while using it. As this was the first time that
all participants used the tool, it is anticipated that with regular usage, the tool will
become increasingly convenient for all users of the system.

Among the group of participants who used the implemented visualization tool
first, a decrease in stimulation was observed when they were later required to work
with the UML diagram which required to carry out tasks manually. Conversely, a
positive change in the experience was noted among those who initially worked with
the UML diagram and later used the visualization tool.
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Throughout this thesis, a consistent color scheme using blue and yellow has been
employed in all figures, to ensure accessibility for individuals with color blindness.
The blue color represents the documentation with the UML component diagram,
while the yellow color represents the implemented visualization tool. This consistent
use of colors makes it easier to understand the results and comparisons presented in
the figures.

During the user study, some participants moved to the next question before thor-
oughly answering the current one. This could be due to their confidence that they
have already answered all questions or because many of the participants are devel-
opers who may have limited understanding and infrequently use the architecture.

5.1 Research Question 1

For research question 1, results show a significant difference between the time spent
by participants on the two scenarios, this statement is supported by showing statisti-
cal evidence using the Wilcoxon signed rank test. The time spent on the visualization
tool by the users is reduced by 23 percent when compared to using the documentation
with the UML component diagram.

In the collected data, it was observed that during the study, the participants took
longer to answer the first question as they needed time to familiarize themselves with
the tool and the questions. However, for subsequent questions, their response time
was faster. In evaluating the results, the total time spent by the participants on
answering all the questions in each scenario was considered.

To ensure a smooth and efficient user study, clear instructions and an introduction
to the tool and the study as a whole were provided to the participants prior to the
start of the study. Any questions or concerns raised by the participants during
the study were addressed promptly to minimize potential delays in answering the
questions.

5.2 Research Question 2

The results of research question 2 are that there is no statistical difference in the cor-
rectness while answering the questions in documentation with the UML component
diagram and visualization tool. The participants were interested in doing the user
study, they spent enough time to find the answers in both situations.

Throughout the user study, the primary objective of the participants was to
answer the questions in the study accurately, regardless of the scenario, as they were
not aware of the ultimate goal of the study and wanted to familiarize themselves with
the tools provided. The results of the study showed that, in terms of the correctness
of answers, there was not a significant difference between the two scenarios. Some
participants performed well in both scenarios, scoring high points in both, while
others performed moderately and a few performed below average in both. The poor
performance of some participants may be due to a lack of understanding of the
questions.
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5.3 Research Question 3

To summarize the results of research question 3, the evaluation was carried out based
on the six subjective questions and the values assigned by the participants during
the user study. As discussed in section 4.2.3, the p-value obtained was less than the
alpha value for five subjective questions and the p-value was greater than the alpha
value in the performance question.

The highest difference in the subjective workload experience was in the mental
demand category, with participants experiencing higher mental demand while using
the UML component diagram and a comparably lower mental demand while using
the implemented visualization tool. There was also a significant difference in physical
demand, as participants felt they had to manually trace the lines in the diagram,
resulting in some physical effort.

In the performance scale, the question asked was "How successful were you in
accomplishing what you were asked to do?" and the majority of participants answered
‘perfect’ as they felt confident that they had answered the questions correctly.

Finally, for the remaining questions regarding temporal demand, effort, and frus-
tration, participants rated their workload as being lower when using the implemented
visualization tool.

5.4 Threats to Validity

In this thesis, there are some potential threats to validity to consider as this thesis
is related to talking to multiple people, collecting data for the user study, and eval-
uating the data collected. This section is further divided into Internal, External and
Construct Validity.

5.4.1 Internal Validity

It is understood that internal validity refers to the confidence that can be placed on
the results that it accurately represents the real relationship between the variables
in a study. The internal validity that might have an influence on this study are :

e Previous experience and educational background of the participants could have
an impact on the results obtained in the study.

e In this study, the sample size was limited due to the challenges of gathering a
larger number of participants within a confined timeframe within the organi-
zation.

e The user study was conducted as within the study, which means that the same
participant had to answer the question in both scenarios, resulting in a longer
user study. Because the participants are unaware of the thesis’s end goal, they
may become a little demotivated and exhausted at the end of the user study.

e While using the online questionnaire tool during the user study, the participants
can see the time spent on each question in the top corner, for this reason,
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participants may feel rushed even though it is clearly stated to them that they
do not have limited time for each question and they do not need to be rushed.

e In this study, the participants were required to switch between answering ques-
tions and using the UML diagram or visualization tool, which may have resulted
in increased time spent on each question.

5.4.2 [External Validity

External validity defines as how adequately can the results be generalized to a large
population, the potential external validity in this thesis is as follows:

e Because this is the first time the users have used the tool, and the documen-
tation and UML diagram, the results may differ slightly from what the users
will see when they use the system on a regular basis.

e Due to the limited sample size selected for this investigation, the possibility of
external validity issues arises.

5.4.3 Construct Validity

The potential threat to the construct validity of this thesis are :

e One potential threat is that the UML component diagram used in this thesis
is not provided by Ericsson but was created specifically for this thesis because
to conduct a comparative study, the tools comparing should be on same level
of comparability. The UML component diagram was developed in the most
optimal way possible by having all the services in a row and all the interfaces
in a row so that while searching for the services and interfaces, it does not
get messed up and can be tracked properly. Since the architecture has many
services and interfaces, it is challenging to place them in an optimal way.

e Another threat considered is that the architectural questions asked during the
user study, may differ in real-life events according to the requirements. To miti-
gate this threat, the questions are formulated by talking to the architects on the
team, understanding the use cases from the stakeholders from the preliminary
interviews and formulating questions that are similar to the real ones.
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Conclusions and Future Work

An interactive visualization tool was developed and evaluated in this thesis with
respective user performance metrics and also determined how much subjective work-
load is experienced by the users while using the documentation with UML diagram
and visualization tool.

The implementation of graph-based visualization in this thesis has demonstrated
its effectiveness and has proved to be a useful decision. This technique has enabled
the visualization of the architecture at a high level of abstraction, providing a com-
prehensive overview of the architectural structure.

The basic requirements from Ericsson to have a tool with search and filtering
options are achieved. In our implemented tool there is an efficient search box and
also a highlighting option where components and their connections are highlighted
when the user hovers over them. This enhances the usability of the tool and helps
users easily locate and understand the components they are searching for.

The primary aim of this thesis was to create a tool that reduces the workload on
the users of the system, which is accomplished in the implemented visualization tool,
and The amount of subjective workload a user experiences is calculated by asking
the user to fill out a NASA-TLX subjective assessment form during the user study.

The results of research question 1 clearly indicate that the time spent on the
visualization tool is significantly reduced. the second research question revealed that
users have a good understanding of the visualization tool and there is no significant
difference in terms of correctness. The third research question showed that the
subjective workload on users when using the visualization tool is significantly lower
compared to using documentation and UML diagrams.

Based on these findings, it is clear that the implemented visualization tool outper-
forms the existing method at Ericsson, and it is also clear that the participants prefer
the implemented visualization tool over the documentation and the UML component
diagram.

In conclusion, the issue at Ericsson has been resolved through the development
of a visualization tool and its subsequent evaluation to assure its validity.

6.1 Future Work

This thesis has the potential for further expansion. Currently, the data for the
visualization tool is read from a JSON file, but when new components are added,
this file must be manually updated. To automate this process, an API endpoint
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could be created so that the visualization tool can fetch updated data in real-time
and remain constant without manual intervention.

Based on discussions with Ericsson architecture team members, it was discovered
that the services are classified into subcategories internally. If the data was updated
to include this information, there would be numerous new possibilities for visualiza-
tion. For example, different levels of abstraction or hierarchies could be implemented,
allowing users to only view the services and access further information as needed.
This would help maintain clarity in the visualization as the architecture grows.

Given more time and an expanded scope of data, the visualization tool could be
developed to integrate other architectures and be scaled for use by multiple teams
across the company.
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