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Abstract

The video game industry can be ruthless. As a developer, you usually find yourself
working in the popular third-party development tools of the time. These tools however
might not provide the best usability and quality of life one desires. This can lead to a
lot of frustration for the developer, especially when the development enters a crunch pe-
riod of long and hard work. We believe some of the frustration can be avoided, and we
believe this can be done by creating effective, functional and user-friendly integrated de-
velopment tools specialized for the development environment. In this master’s thesis we
investigated just that, how integrated game development tools can be designed to be usable
in terms of effectiveness and learnability. The investigation was performed by designing
and implementing an integrated game development tool. The development of the tool was
performed iteratively with user testing between every iteration to find usability defects,
allowing the tool to be refined and improved throughout the development process. To fin-
ish off the development process, there was a final user test where professional video game
developers tried out the tool and then answered a System Usability Scale questionnaire.
The System Usability Scale score and task completion rate showed that the final state of
the tool can be considered highly usable in terms of effectiveness and averagely usable in
terms of learnability. This suggests that involving user testing in the development process
is vital for ensuring good usability in the end product.
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Glossary

Word

Meaning

Game world

A game world can be differently described depending on the context. In
this thesis, it relates to the space in which the user controlled agent (player)
can navigate and interact within to achieve provided objectives or the
player’s own desires. The game engine and game logic enforces rules onto
the game world in which the user controlled agent has to relate to.

Game engine

The game engine is the core of a digital game. The game engine integrates
all the components of the game together with the operating system, video
interfaces and user input. Often the game engine supplies general compo-
nents that are hard, tricky or time consuming to implement. Some com-
mon examples of these are graphics rendering, physics, sound, content
loading. J. Blow provides a good overview of many components and how
they are connected [1].




Introduction

This chapter describes underlying problems of video game development tools in the context
of usability. General third-party tools are brought up as examples of solving some of the
development problems, but not all of them and arguably not in a highly usable way in some
cases. Therefore, as a basis for this thesis, an integrated tool will be developed with the aim
of solving these problems. Since video game development is such a wide area, this chapter
will also describe which specific domain of video game development this thesis applies to.

1.1 Motivation

Developing a video game can be a demanding task. Seeking to polish most of the edges of the
game can become a tedious task. In an industry which is infamous for pushing the limits of its
workers and solo developers, [2] easing the frustration caused by the development tools may
contribute positively. An issue with external general-purpose third-party tools is that their
general nature can render them more complex than the target medium requires. For example,
a third-party game engine will probably be more powerful than the game a user of said engine
wants to develop. Otherwise the engine would cover a very narrow market. This can lead to
increased complexity for the program, which can lower the efficiency of the game developer
and learnability within said software [3]. Another issue is that compilation processes may not
be improvable because the tool already has a defined work flow and file-types that it compiles
to. It is therefore interesting to investigate if video game development could be done better
with integrated tools that are specific for the medium. This will hopefully reduce complexity
and save build time (compilation of the game code and files).

Having development tools integrated into a game means that the tools can either be used
within the game or on top of the running game. One benefit is that all the functionality
within a tool is connected to actual game elements. This implies reduced complexity and can
save time while developing the tool. However, the primary benefit is that the game does not
have to be recompiled or restarted when making changes. This way, less time is needed to
make small changes. Furthermore, one can more or less instantly see what effects graphical
shaders and other in-game effects have on the developed content.



1.2. Aim

To gain the most value from creating video game development tools, they should focus on
providing functionality related to unique aspects of the targeted video game domain. Other-
wise there are likely third party tools that can provide satisfactory results at a low cost. For
example, drawing 2D art can be done well in programs like Photoshop [4] or Gimp [5]. The
explicit area of 2D art is arguably present in all game domains, and is therefore not unique
and not as valuable to integrate. Another example would be music, which can be done in
programs like FL Studio [6] or Logic [7]. Furthermore, all of these programs have been de-
veloped for quite some time with usability studies of their own. A graphics artist or a sound
engineer can then arguably already work efficiently with these tools. On the other hand,
some examples, of suitable areas to have integrated tools for, are game world editing and cre-
ating game objects. This is because these can differ a lot depending on the game, see Section

1.1.1 Game World Editing

The game world editing aspect of a game mainly concerns how to edit the geometry of a game
world and texturing (or tile mapping if it is a tile-based game). Object and entity placement is
also done from within the game world editor. The motivation for integrating these aspects is
that when manipulating the world, it can be preferable to be able to see how the game world
looks with different in-game rendering effects enabled or just how the game world will look
when the game is played.

1.1.2 Creating Game Objects

Game objects are a major part of the interactivity of a game. Therefore, they need to be able to
be created and managed in an easily understandable and usable way. The behaviour of game
objects is largely dependent on the type of game they are used in, so having specialized tools
for the specific game can greatly speed up the design and implementation of their behaviours.

1.2 Aim

The video game medium that this thesis applies to is video games that consists of a 3D game
world with 2D art, that is viewed from a static orthogonal perspective. The overall purpose
of the thesis project was to find out how integrated tools can be developed for high usability.
To answer this, an integrated tool was developed which can be used to create the game world
and its corresponding game objects. The tool was applied to our own game with the aim of
speeding up the process of implementing, editing and testing new content.

1.3 Research Questions

It is desirable for a video game developer to be able to quickly transfer an idea from their
imagination into the video game. Therefore it is important to ensure that the development
tool is easy to learn and also fast and easy to use. Usability is something that is usually brought
up in this context. The term ’usability’ is widely used in software development in different
but quite similar interpretations, so the definition for this thesis has been concretized under
Section3.2]

In the context of usability, two main aspects were of high interest for us. Firstly, effectiveness,
but it should not be confused with the term ’efficiency’. So to relate them to the developed
tool: effectiveness indicates how good the developed tool is at achieving what the user really
wants to create and efficiency indicates how much effective output is achieved from the users
efforts. For us, making sure the user may only "do the right thing" is important. From our own
experiences, there have been far too many bugs and confusions stemming from systems that

2



1.4. Delimitations

allow one to reach a desired solution in an unintended or complicated way. Hence why we
focus on effectiveness over efficiency. The second aspect, learnability, is especially important
since during the development of a video game it can be of interest to hire more team members,
who would then need to learn how to use the integrated tool. Thus, the following research
questions were established:

1. How can integrated game development tools for game world creation be designed to
be usable in terms of effectiveness and learnability?

2. How can integrated game development tools for creating game objects be designed to
be usable in terms of effectiveness and learnability?

1.4 Delimitations

As noted in the aim (Section[I.2), this thesis only applies to video games that consists of a 3D
game world with 2D art, that is viewed from a static orthogonal perspective. Therefore the
results might not be applicable to every kind of game. The user-testing involved in the study
is limited to testing with individuals available in the local area of Ostergétland, Sweden. The
availability of test users was also drastically affected by the Covid-19 crisis [8].



Background

The integrated tool which was developed during this thesis was designed for our own video
game, which consists of a 3D game world with 2D art that is viewed from a static orthogonal
perspective. Up until the start of this project, the Tiled Map Editor [9] has been used for
creating the game worlds. Our own opinion was that it has been quite tedious to have to
recompile the current game world file and then have to reload it into the game every time
changes to the terrain or game objects has been made. It has also been hard to predict how
the graphical 3D shading would look with the work that was being done. Therefore, there
were personal incentives to develop this tool and to reach completion so that it can be utilized
for content development.

The 3D world is used to enhance the immersion of the 2D image. A comparison between
having the game strictly 2D and having 3D shading can be seen in Figure To create the
3D shading, a 3D environment that matches the 2D image had to be created. From this, it is
then possible to obtain information about the 3D position and surface normals of each pixel in
the 2D image. A demonstration of how the 2D image can be mapped to the 3D environment
can be seen in Figure

2.1 Game Engine

The game engine is built with the MonoGame framework which is an open source recreation
and continuation of the XNA framework [10]. The XNA framework was developed by Mi-
crosoft to make it easier to create games written in C# targeting the Windows and Xbox 360
platforms. MonoGame has been developed to allow projects to target any major platform.
Because of this, there was a requirement for the developed tool to interface with MonoGame.

2.2 Initial Problem Description

The tool which was used before this project, Tiled [9]], has only support for 2D tile placement
[11]. To work with 3D, the old solution was to manually annotate a number to each world
tile that specified the height of that tile. The result in-game can be seen on Figure[2.1jand
The new tool had to be able to both visualize this geometry, but also make it easier to modify.

4



2.3. Game Objects, Doodads and Entities

There are 3D tools out there which could be used for 3D terrain modelling, an example would
be the open source tool Blender [12]. However, there were some fundamental differences
between such an environment and the tool we sought to develop:

* To keep the 2D look of the game, the world texturing is built into a 2D image in the
same way you would for a 2D game. To then add 3D lighting, the 3D environment is
projected onto the 2D plane, providing 3D information. This is quite different from a
normal 3D workflow where you would create objects and texture them using texture
mapping which locks the texture on the object. In our tool, when moving a 3D model,
the texture stays where it was on the screen since they are not connected. This requires
tooling that instead lets the user create 3D models that match the already finished 2D
texture. This asks for a special behaviour that is not straight-forward at all in a tool like
Blender. Furthermore, from a usability and effectiveness perspective, it is ideal that the
manipulations enforced by the tool snap to the pixels of the game world image.

* There is an incentive to keep the actions of the user limited so they may only achieve
the right thing (effectiveness). The tool is meant to sculpture terrain with ease, not
perform advanced transformations on implicit surfaces. Therefore, in order to reflect
that, a trimmed straight-forward terrain editor was deemed necessary.

Game object editing is an interesting area. Previously it was done in Tiled by placing points
on the map and then annotating them with information reflecting what game object they are
(decided from an internal game object database). There was no visualization of their sprites,
so it was hard to get a feeling of how "threatening" monsters are or how "cozy" some trees
are when they were being placed. This could potentially lead to a lower production quality.
Since Tiled only worked in 2D, it was also tricky to figure out where the game objects would
end up in the 3D world and they would often be misplaced along the z axis.

2.3 Game Objects, Doodads and Entities

Sometimes it can be hard to know if a game object has some type of behaviour attached to it
(like a monster) or if it is just a static object (like a tree). Therefore, we decided to refer to the
static objects as doodads and the dynamic and interactable ones as entities. Architecturally,
doodads and entities are the same thing. In greater detail, a doodad is an object in the game
world which has a sprite and a 3D-mesh (model). Entities have the exact same properties as
doodads, but they have some possible further functionality such as health, different types of
in-game stats and an artificial intelligence or a script which controls behaviour. Doodads are
things like trees, gravestones and buildings. Entities are things like characters, destructible
barrels and monsters.



2.3. Game Objects, Doodads and Entities

Figure 2.1: In-game screenshot showcasing 3D lighting applied to a traditional 2D graphical
style. This screenshot is taken with the orthogonal top-down view.

"3

Figure 2.2: In-game screenshot showcasing the 3D world representation powering the 3D
lighting in fig. This screenshot is taken with the first-person view.



2.3. Game Objects, Doodads and Entities

(a) The game without 3D shading. (b) The game with 3D shading.

Figure 2.3: The difference between just using the 2D texture and applying 3D shading based
on a matching 3D environment.

(a) First person view of the game world without (b) First person view of the game world with 3D
3D environment. environment.

Figure 2.4: A demonstration of how a 3D view of the game world can be seen as the 2D
texture being projected onto the 3D environment.



Theory

This chapter provides the theoretical framework used throughout the project and the thesis.
The first section describes some other work related to usability- and game development re-
search. There was limited related work mainly because game development tools” usability
related research is not too common.

3.1 Related Work

The article Architecting for usability: a survey from 2003 brings up the importance in reflecting
the usability prioritization in the architecture of the software [13]]. The authors also bring up
that a late detection of usability problems usually stem from not having a working system and
representative test users present at the same time. It is motivated that the usability should
drive all stages of the design. This is because of the structural aspects (architecture) connected
to this, and therefore thinking of usability too late will ask for heavy restructuring for heavy
cost. The authors state that there are no techniques yet to evaluate how well an architecture
supports usability, but ask that further research should investigate this. It could be argued
today that the issue has been somewhat solved. For example, the Windows Presentation
Foundation (see Section[3.5) solves this issue by separating the user interface and the business
logic, creating a foundation which applications can build upon while also allowing for easy
restructuring through the model-view-viewmodel pattern (see Section 3.6).

J. Blow provides an overview of the difficulties faced in game development in 2004 [1]. He
notes that the hardest area of game development is the engineering part and that in the past
the largest difficulty was the low level optimizations required to make the game run. How-
ever, currently the games are so much more complex and the technical difficulty is to imple-
ment and integrate the many components so that they can produce the desired results. He
then proceeds to describe many difficult software engineering areas that are important for
game development. One of these areas is development tools. He notes that there is a lack
of tools made for creating games and that the tools used by game developers are usually not
made with game development in mind and lack desirable features or focus on features that
are not useful for game development. Because of this, game development companies often
build their own tools, especially domain specific tools such as tools for building world ge-
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3.2. Usability

ometry. Since then game development has evolved and tools have been developed. A study
performed in 2015 found that most game developers thought that it was easier to make games
and they were using more third party software than before [14].

In the article What do Game Developers Expect from Development and Design Tools? some be-
haviours of game developers in different organizations (game studios) are lifted [15]. These
include both game studios using third party engines and internal custom engines. The stu-
dios using third party engines selected their tools based mainly on compatibility. On the other
hand, studios who used custom engines had no preferences apart from personal preferences
when selecting tools. Furthermore, from interviewing the game studios, a priority list of the
different kinds of tools and their respective areas could be conducted. Most important was
design, prototyping tools, then implementation, development tools and lastly project support tools.
According to the authors, the organizations were at the time pleased with the tools at their
disposal. However, the sample size was only seven organizations and they were all located
in southeastern Finland.

3.2 Usability

Usability is defined by ISO/IEC 9126 (2001) as “the capability of the software product to be un-
derstood, learned, used and attractive to the user, when used under specified conditions.”, but this is
just one definition of many. In Usability: A Critical Analysis and a Taxonomy, many definitions
are presented and are then analyzed and a taxonomy created from them [16]]. The reasoning
being that usability is a very abstract concept and can be broken down into more concrete
parts that are easier to reason about. These parts are then categorized into the properties
knowability, operability, efficiency, robustness, safety and subjective satisfaction.

3.2.1 Knowability (Learnability)

The knowability property is defined as how well the user can learn, understand and remem-
ber how to use the product [16]. The term knowability was not included in any of the ana-
lyzed usability definitions, but part of it was often included in the form of learnability. It is
split up into the sub-attributes; clarity, consistency, memorability and helpfulness.

3.2.2 Efficiency

The efficiency property consists of how much useful output the user gets from a system for
the effort put in [16]. There can be both physical and mental effort involved. Furthermore,
measurements can also be made in how long it takes for a user to execute a desired task and
how much economical cost the system posses in resources.

3.2.3 Operability (Effectiveness)

The completeness and precision attributes of the operability category in the taxonomy are
stated to be very similar to what is often referred to as effectiveness [16]. It consists of how
well the system provides the functionality the user requires to perform the tasks intended for
the user, and how well the system can perform the functionality.

3.2.4 Task Completion Time

Task completion time is a common usability metric used to measure efficiency. In Measuring
usability: are effectiveness, efficiency, and satisfaction really correlated? it is found that there is no
significant correlation between efficiency as indicated by task completion time, and effective-
ness indicated by quality of solution and error rate [17]. In the study, they highlight the need
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for measuring several factors of usability. This is especially necessary if one is to compare
different systems against one another.

3.2.5 System Usability Scale

In "SUS: a "quick and dirty” usability scale” ]. Brooke presents the System Usability Scale (SUS)
[18]. It is a quick and simple method that provides a score which represents the usability of
a system. The method consists of having the test users perform some simple tasks within
the system and then having them answer a simple questionnaire consisting of ten questions,
where every other question has a positive tone and every other question has a negative tone.
However, research has shown that having mixed tones causes more problems than it solves
when comparing to just having strictly positive questions [19]. The questionnaire is a Likert
scale where the user selects their level of agreement with the question on a 5 point scale from
disagree to agree. The test users are asked to answer according to their immediate reaction
and not consider the question for too long. The SUS score of each questionnaire is then calcu-
lated into a value ranging from 0 to 100 and the average of these scores then become the total
SUS score of the system. In The Factor Structure of the System Usability Scale it is found that
SUS evaluates both usability and learnability [20]. It is shown that questions 4 and 10 seem to
relate to a different factor than the other questions and thus the SUS score can be decomposed
into a usability score and a learnability score gaining additional information while requiring
very little extra work. The SUS questions can be seen in Table It also presents that slight
changes to the wording of the questions in SUS rarely have any detectable changes to re-
liability. They present that the word "cumbersome" presents confusion to some non-native
English speakers and recommend replacing the word with "awkward". They also note that
the word "system" can be replaced with the word "product” as long as it is consistently done
everywhere.

In Revisiting the Factor Structure of the System Usability Scale the authors of The Factor Struc-
ture of the System Usability Scale revisit their original findings, redoing their analysis with
more data [21]. They still find that SUS can be decomposed into two values, but that a posi-
tive/negative tone model has a somewhat better match than the usability /learnability model.
They suggest that this is a common problem with questionnaires that use a mix of questions
with positive or negative tone. They also find that questions 4 and 10 still have a stronger
factor magnitude than the rest of the negative tone questions and therefore suggest that they
could still relate to a learnability factor in some domains.

In Assessing User Satisfaction in the Era of User Experience: Comparison of the SUS, UMUX, and
UMUX-LITE as a Function of Product Experience the authors found that for inexperienced users
the SUS score did not show signs of having two independent factors, but when testing with
experienced users the usability /learnability model showed a strong fitness [22]. The authors
suggest that the learnability factor might only emerge when the users consider themselves to
be effective with using the system. The study also found that experienced users gave higher
SUS scores than inexperienced users.

3.2.6 Measuring Effectiveness

In Measuring the User Experience: Collecting, Analyzing, and Presenting Usability Metrics a col-
lection of metrics and methods for measuring usability are presented [23]. One of the metrics
for which is task completion rate. It is measured as the percentage of tasks successfully com-
pleted by test users. They suggest that task successes can be categorized into several levels
depending on the amount of mistakes the user made while completing the task in order to
also gain information about areas of the system that can be improved. In The Relationship
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Between System Effectiveness and Subjective Usability Scores Using the System Usability Scale it is
shown that SUS has a strong positive correlation with effectiveness [24].

3.2.7 Measuring Learnability (Knowability)

A Survey of Software Learnability: Metrics, Methodologies and Guidelines provides a survey of
existing research around learnability of software and presents a new methodology for evalu-
ating and improving learnability [25]. The paper presents several definitions for learnability
and shows that it is often defined in the form of the amount of time required for a target user
to be able to perform tasks in the system. Potentially extended to being able to perform tasks
in the system within a given amount of time. Another common definition is the ability of
users to improve in their usage of the system. These two types of definitions are classified
into initial learnability and extended learnability. From these they present a taxonomy over
learnability definitions. They then present seven categories of metrics to measure learnability
and then present methodologies to evaluate these metrics. There are two kinds of evaluations
described; formative evaluations which evaluate what usability problems exist and evalua-
tions which provide an overview of the total usability of the system. A summary of differ-
ent methodologies that have been used are then presented. Then the Question-Suggestion
methodology is presented. It consists of having the user perform a set of tasks while having
an expert next to them that the user can ask for help or advice. The expert can also provide
advice to the user in case they notice anything that can be improved. This will help the user
progress and can help find more learnability problems in later tasks, as well as helping to find
any areas that can be improved for better extended learnability.

3.2.8 Designing User Test Tasks

In A mathematical model of the finding of usability problems ]. Nielsen and TK. Landauer present
that the amount of usability problems found in a study can be modeled as a Poisson process
[26]. This means that the amount of problems found by testing with additional users rapidly
decreases and that most of the problems will be found after the first few users. In their study;,
they find that on average each additional user finds one third of the remaining undiscovered
usability problems. Then after five users, around 80% of the problems have been discovered.
Nielsen recommends to never perform a test with more than five users [27]. If the budget
allows then he suggests to have another round of tests after the problems found in the first
test have been corrected. This results in more usability problems being found and fixed with
the same amount of test users. In Beyond the Five-user Assumption: Benefits of Increased Sample
Sizes in Usability Testing a test is performed to investigate the five user assumption [28]. The
study finds that, in some cases, five users can be enough to find 99% of the usability defects
and in other cases only 55%, while increasing the sample size to ten users resulted in at least
80% of the defects being found. In the study, it is also highlighted that the most important
part of usability testing is ensuring that the test users are actually representative of the target
user and that the amount of test users required is increased the broader the target group is.

In Writing Tasks for Quantitative and Qualitative Usability Studies K. Moran presents guidelines
on writing tasks for usability studies [29]]. Moran explains that quantitative usability studies
are intended to gather data from metrics in well controlled environments. It is also explained
the goal of a qualitative usability study is to find problems with the system by attempting to
understand the thinking of the users, often performed with open ended activities. The article
recommends that test tasks should be realistic and based on what users actually do with the
product and to avoid giving hints in the tasks by too closely describing what needs to be
done. Another recommendation is to always do a test run of the test tasks in order to verify
that the task is good before performing the task with an actual test user. In a qualitative study
the tasks can be open ended in order find out more about how users think. They should also
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e

Figure 3.1: Overview of the process through the waterfall method.

well describe the motivations for a user to perform the task. Also, the task should be removed
if it is found to not provide much information. In a quantitative study the tasks need to be
unambiguous and have only one way to be performed.

3.3 Software Development Methodology

In Choice of Software Development Methodologies: Do Organizational, Project, and Team Charac-
teristics Matter? there are many different development methodologies presented [30]. The
authors then classify these into 4 different approaches: Agile, Traditional, Iterative and Hy-
brid. In the article the authors study the choices of methodologies used by companies of
various size. They found that the traditional approaches were most popular with companies
with more than ten thousand employees while hybrid approaches were the most popular
with companies with less than fifty employees. The study finds that the amount of projects
using agile approaches has increased dramatically since 2003 and that 3 of the top 4 most
commonly used methodologies were agile, the other one being the waterfall method. The
study also notices that most hybrid approaches utilize agile methods. The study found that
agile and hybrid approaches were the most common choices for small teams.

In Theoretical reflections on agile development methodologies the authors describe the shift away
from traditional plan driven software development towards more agile methodologies [31].
The movement is explained as a natural process as the software development area matures
and more knowledge is gained about the design process. It is shown that a similar movement
happened in the architecture business during the 1960s as the importance of communication,
feedback and iterative cycles was realized. In other words, it is natural to move away from
using rigid plans as you accept that the very nature of the problem is uncertain and that
you will learn a lot more about it during the design process. As such the agile development
methods have developed to find solutions to the problems of how to efficiently adapt as the
view of the problem changes.

3.3.1 Plan Driven Software Development

Traditional plan driven software development methodologies are based around analyzing
and creating a plan before any coding begins, having the development split up into phases
where each phase must be fully completed before moving on to the next. The most popular
of the traditional methodologies is the Waterfall method as described by W.W. Royce in Man-
aging the development of large software systems: concepts and techniques [32]. According to both
Vijayasarathy and Butler and Nerur and Balijepally the Waterfall method is still one
of the most popular development methods, especially in large teams.

The phases of the Waterfall methodology as described by W.W. Royce are as follows:
System requirements, Software requirements, analysis, program design, coding, testing and
operations. The first phases address the requirements and has to capture all the functional
needs of the customer and is then locked in before moving on the next phases. The design
phases involves analyzing the requirements and designing a software model and architecture
that will be able to fulfill all these requirements. Then the coding phase begins where the
designs are implemented into code. Following the coding phase comes the testing phase
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where all the software is integrated into a final product and tested to ensure that it fulfills
all the requirements that were initially set up. Finally comes the operations phase where the
software is put to use by the customer. In the same paper as he presents it he points out
that it is inherently flawed because of the risks of code defects only being discovered in the
testing phase and that could lead to time consuming and costly redesign of the software. He
discusses five potential methods to mitigate the problem and the methods mostly surround
properly documenting the designs and preparing the testing process. One of the method
consists of building the software twice, using the experience and knowledge learned from
the first time to create a better code base the second time. He also suggests involving the
customer much more and iterating over designs in the design phase.

In a survey performed by M. Jergensen [33]] it was found that all of the projects in the survey
with large or medium sized teams using traditional non-agile development methods were
considered failed. Meanwhile the projects performed by small teams were mostly successful,
but not quite as successful as projects using hybrid or agile methodologies. The author notes
that the development methodology is not the only reason a project fails but notes that the
data weakly indicates that traditional methods are more problematic than agile methods for
bigger projects.

3.3.2 Agile Software Development

Agile development methodologies were developed as a response to the rigidness of the tra-
ditional development methods and are based around the need for adaptation and learning
[34]. The main principles of the agile methods are early and continuous delivery, welcoming
changing requirements, reflection and simplicity. There are a lot of agile development meth-
ods that solve the problems in many different ways, the most commonly used being Scrum,
and a hybrid of Scrum and Extreme Programming [35]]. K. Schwaber suggests that the reason
that Scrum is so popular is because it is simple to understand and there are a lot of resources
about it [36]. Agile methods have been shown to be successful in small and big teams [33]
and have been adopted by many large companies [35].

3.3.3 Scrum

Scrum [37] is one of the earliest and most popular agile development methodologies [30].
According to the authors it is to be considered a process framework upon which to build a
successful development methodology with the guidance of the rules and structures that build
up Scrum [38]. Scrum is made up out of teams, in which people have specific roles, events,
rules and artifacts. The rules bind together the other parts to create processes that help move
the project forward [39]. Scrum builds upon an iterative development process, the core of
which is called the sprint, which represents a cycle of the development process.

3.3.3.1 Product backlog

The product backlog is one of the core artifacts of Scrum [39]. It is a prioritized list of require-
ments containing everything that is known to be needed in the final product. Everything that
will be developed must relate to something in the list and nothing else. Items in the backlog
contain everything from bug fixes to feature enhancements and should usually consist of a
description, time estimate, value and priority. There is also usually a form of test that can
verify that the task is done. At the start of the project the list should contain the best known
features and then as the project proceeds the backlog is updated as the team and customer
learns more. Every now and then the team should take some time to update and reevaluate
the backlog to ensure that is stays clear and relevant.
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Figure 3.2: Chart showing the phases of the Scrum development method.

3.3.3.2 Sprints

The Scrum development process consists of dividing the work into equally sized sprints [38].
A sprint is a one month or less development period with the goal of creating a usable and
potentially releasable improvement of the product. At the start of each sprint a sprint plan
is created by the entire team together discussing what can be delivered by the end of the
sprint. This is done by examining the product backlog and selecting requirements based on
the expected development capacity during the sprint. During this planning process the team
also selects a goal for the sprint that will be reached by implementing the items from the
product backlog. Then the team figures out how it will do the work that has been selected
by creating a plan, which together with the selected items from the product backlog creates
the sprint backlog. The plan is usually created by designing the system that will fulfill the
selected requirements and splitting it into smaller tasks that can be developed in one day or
less. At the start of each day there is a fifteen minutes long daily Scrum meeting. During the
meeting the team plans out the next twenty four hours of work. The meeting lets the team
inspect the progress that has been done and react to any unexpected problems. At the end of
the sprint there is a sprint review where the team gets to reflect over how the development
went. Then there is a sprint retrospective where the team inspects what problems arose, how
they were solved and what can be done better in the next sprint.

3.3.3.3 Sprint backlog

The sprint backlog consists of a set of items from the product backlog together with a plan
on how to complete them [37]. This gives the team a clear preview of what functionality
will be in the next version of the product and the work that is required to get there. As the
work progresses through the sprint and the team gains more knowledge, the sprint backlog is
updated to better reflect what work is required. The team will be adding or removing tasks as
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it becomes clearer what needs to be done and how much work it is to do and should always
be providing a clearly visible indicator of the progress of the development.

3.3.4 Extreme Programming

Extreme programming is another of the early agile development methodologies[34] devel-
oped by K. Beck to address the needs of embracing change during the development process
[40]. Unlike Scrum Extreme Programming doesn’t have rigid processes that should be fol-
lowed, instead it builds upon a set of core concepts that it values as being very important.
The actual details of implementing the concepts is left up to the team. Many of the core con-
cepts are shared with the basics of agile development methodologies and so it fits well to
combine with other agile methods like Scrum. A study by A. B. M. Moniruzzaman found
that the second most common agile development practice was Scrum combined with Ex-
treme Programming [35]. The main principles of Extreme Programming are communication,
simplicity, feedback, respect, and courage. The programmers constantly communicate with
each other and the customers, while keeping the designs clear and simple. The product is
constantly delivered, giving the programmers feedback right away and letting them focus on
what is currently the most important for the customer. This allows the team to easily and
immediately respond to the changing requirements. Extreme Programming is based on user
stories (see Section[3.4.3) that describe the interaction between a user and the system, and on
iterations where a set of user stories are selected to be worked on. At the start of each day a
short stand up meeting is held and the team members present what they have been working
on and can communicate ideas to the rest of the team. Another important part of Extreme
Programming is that the customer must always be available so that the programmers can ask
for clarification about unclear user stories and to verify that the functionality of the software
is what they desired.

3.4 Requirements Engineering

Requirements engineering is the process of identifying goals relating to the system being
developed [41]. It has usually been a process at the beginning of each project in order to
concretize priorities and tasks which can then be executed in an efficient manner. However,
the rate in which software and culture changes these days asks for the process to be present
all throughout the development life cycle [42]. To relate to this thesis, if a similar tool is
suddenly released during the development life cycle of our tool then it could be beneficial to
reconsider the requirements to distinguish them. Moreover, they could simply change overall
or be suddenly seen as redundant because of previous development. In this case, they might
be reconsidered and reevaluated. In an agile methodology this would take place during a
product backlog refinement process (see Section [3.3.3.1).

A requirement is defined by the IEEE Standard Glossary of Software Engineering Terminol-
ogy [43] as:

1. “A condition or capability needed by a user to solve a problem or achieve an objective.”

2. “A condition or capability that must be met or possessed by a system or system component to
satisfy a contract, standard, specification, or other formally imposed document.”

3. “A documented representation of a condition or capability as in 1 or 2.”

The process of getting the requirements starts at the stakeholder analysis. A stakeholder is
someone who has a "stake" in the system which is going to be developed or is already in
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Figure 3.3: Overview of how the process progresses from the stakeholders to the system
specifications.

development [44]. From the stakeholders established from the stakeholder analysis, use cases
can be derived. Use cases are lists of actions an arbitrary actor (e.g. a customer or even an ex-
ternal system) can invoke when interacting with the system [45]. In short, they describe how
someone would "use" the system. After the use cases have been derived, scenarios can be es-
tablished which describe the flow of actions an actor takes to achieve some goal. These can be
modelled with UML activity diagrams, and can include branching actions and decision points
[46]. From these established scenarios, different types of requirements and project constraints
can be drawn [47]]. A full overview of this process can be seen in figure

3.4.1 Stakeholder Analysis

What constitutes a stakeholder was vaguely described earlier. In software engineering, a
stakeholder is someone who has a "stake" in the outcome of the project. These can be for ex-
ample customers, developers, shareholders, investors, government and other organizations.
The important part is how you model these entities [48]. The output from a stakeholder
analysis should generate primary, secondary, tertiary and key stakeholders [49].
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Figure 3.4: Sharon De Mascia’s proposed stakeholder matrix

“Primary stakeholders are those who will be most affected by the project. Secondary stake-
holders are those who are affected to a lesser degree and tertiary stakeholders are those for
whom there will be minimum impact. The most important stakeholders, however, are the
key stakeholders as they can significantly influence the success of the project and/or are
very important to the project.” [49]

3.4.1.1 Power and Interest

According to Sharon De Mascia (2012) [49]], a model to categorize stakeholders are by power
and interest. One constructs a matrix with the axes power and interest, and insert stakeholders
accordingly. A certain strategy should then be applied to a certain stakeholder depending
on where it fits (see Figure [3.4). This method is rather intuitive and can prove useful in
the pre-production process of a smaller project when generating requirements utilizing agile
software development. However, should the project take much longer than planned; some
re-arrangements of stakeholders’ categorization might be necessary.

3.4.1.2 Power and Dynamism

A different method of modeling stakeholders is between power and dynamism [48]. The model
also consists of a matrix but with the axes power and dynamism instead. The first axis, stake-
holder power, is derived through possession of resources, the dictation of alternatives, authority
and influence. On the second axis, dynamism is derived based on how prone a stakeholder’s
organizational environment is to change and impact the power that stakeholder has in the
project. Certain scanning processes should be applied depending on where the stakehold-
ers are mapped (see Figure [3.5). These scanning processes are applied to the stakeholder’s
environment to see whether they are still relevant and if their categorization should change.

This method can be useful in big projects spanning a long time. This can be the case since
stakeholder’s are likely to be affected in their relationship to the project in such a time span.
However, in smaller software projects this methodology will most likely prove less feasible
since it might risk generating a lot of overhead for little gain.
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Figure 3.5: The proposed stakeholder matrix of Mendelow A.L.

3.4.2 The Volere Requirements Process

Suzanne and James Robertson bring up their Volere Requirements Process as a process for dis-
covering, verifying and documenting requirements [47]. It starts with a project blastoff
where the objectives, goals and scope of the object are clearly defined. From this, the re-
quirements analyst is able to perform trawling for requirements within the business area
identified; generating use cases and requirements by studying it in various ways. However,
if the product is groundbreaking or the analyst is not able to properly form any requirements;
then a prototype might be a better way to go. The analyst will then go on and create scenarios
together with the stakeholders to reach some mutual understanding of what the product is
and what it does. From the scenarios, requirements are derived which are written formally
with some agreed requirements specification model (e.g. the Volere Requirements Specifi-
cation).

3.4.3 Use Cases

“A use case is a list of steps that specifies how a user interacts with the business or sys-
tem while keeping in mind the value that this interaction provides to the user or other
stakeholders.” [50]

According to James Heumann (2008) [50]], a use case is a software requirement which specifies
functionality. Therefore, the use cases generate functional requirements. It is preferential to
have a few big and complete use cases rather than many small and detailed use cases. This is
the case since otherwise they might not be as easily communicated and they might put more
constraints on the development rather than help it. Another approach to use while designing
the use cases is to avoid listing CRUD activities. CRUD stands for create, read, update and
delete. These should be implied by the nature of an activity instead of explicitly stated as
individual activities. For example, instead of separately stating that the user should be able
to create, move and delete terrain; they should just be bundled together as "the user should
be able to edit terrain’.
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Table 3.1: Use case specification according to Visual Paradigm.

Use case # *name*

Actor(s): Actors who participate in the use case, e.g. a game
world developer and the tool

Summary Description: *description™
Priority: Arbitrary priority based on own perception
Status: Use case development status, e.g. IN PROGRESS,

NEED MORE DETAILS or COMPLETE

Pre-Condition: Condition needed to be fulfilled for the use case to be
possible/relevant, e.g. the development tool must be
set to terrain editing mode

Post-Conditions: What are the actors’ and the system’s state after the use
case has successfully finished? In this case, an exam-
ple could be that now the game world developer has a
finished terrain which can then be further utilized.

Basic Path: Step-wise list the actions which will be executed if ev-
erything goes according to the plan

Alternative Paths: A list of sub-actions which might occur if an action in
the Basic Path fails

Business Rules: A list of rules which affects the actions taken in the use
case, e.g. the minimum amount of vertices for a mesh
is three

Non-Functional Requirements: The Non-Functional requirements connected to the ac-
tions of the use case. For example, imagine we would
want the user to be able to create the first basic mesh
under ten seconds, and that the file format the world is
saved to is called .cmx.

Use cases are a part of the Unified Modeling Language (UML). The main aspect concerning
this is how the use cases are visualised using diagrams. In the diagram, you have actors who
are stakeholders that can invoke actions in the system. For example, you can have a game
world developer who is interacting with a world editing tool as an use case (see Figure [3.6).
You may also have multiple actors within one use case. The resulting diagram should give
a good overview over the system for stakeholders and developers to establish requirements
from.

When documenting a use case it can also be preferential to have it written in a regular
card form according to some specification. The use case specification brought up by Visual
Paradigm [51] contains the aspects shown in Table However, this specification handles
the what if’s through its alternative paths and business rules; which could on the other hand
be handled through scenarios instead if it is deemed as too much documentation just for use
cases (see Section [3.4.4).
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Figure 3.6: A use case diagram according to the UML 2 standard

3.4.4 Scenarios

The scenario process takes a story containing use cases and turns it into a diagram of activities,
usually a UML activity diagram (see figure[3.7). Different requirements and constraints can
quite easily be identified by following the flow of the activity diagram and asking "what if?"
on every step. Suzanne and James Robertson bring up several ways of how scenarios can
be used in different types of projects; that there are different types of use cases which can
be generated depending on the strategy used [47]. There are scenarios for business use cases
and scenarios for product use cases. For this thesis we will only talk about the latter since this
whole project is focused on the development of one already agreed product, the integrated
development tool. Furthermore on scenarios; another aspect is the size of the project. This
has an effect what the product owner should aim to achieve by using scenarios. Three general
sizes will be discussed; highly agile-, medium- and long lasting projects.

3.4.4.1 Scenarios in highly agile projects

The highly agile projects have short life span and very low documentation. They use scenar-
ios as a way to discover how the stakeholders can work in their most optimal way. Scenarios
can be used to find the normal cases as well as their exceptions and mishaps. Through this,
the team can find the required functionality more quickly than if they had coded prototypes
and done testing. However, these scenarios do not generate nonfunctional requirements [47].

3.4.4.2 Scenarios in medium projects

Medium projects are the most common corporate projects which use a decent amount of doc-
umentation. This is the case usually because there are several departments working on the
same project. They may use scenarios instead of functional requirements overall. If devel-
oped enough, these can serve as a good foundation when communicating the functionality
to new developers and external teams. However, if the product is complex or the product is
part of some contractual work it probably will not be sufficient to use scenarios alone [47].

3.4.4.3 Scenarios in long lasting projects

For the long lasting projects with a high amount of documentation, the scenarios are mainly
used to discover new use cases and functional requirements. This includes many meetings
with stakeholders to verify and discuss scenarios. A large comprehensive documentation is
established with these which both established- and new developers would want to reference
before developing [47].
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Figure 3.7: Scenario - “A game world developer opens the world editing tool and loads a world
file. The tool creates an input stream from the file and generates world data which can be
displayed to the developer. She then proceeds to create a 3D mesh for the world by adding
and extruding vertices on the base 2D plane, essentially performing vertex editing. The tool
handles the actions and performs the relevant mutations on the data of the mesh. The game
world developer then saves the world file in which the tool generates file data for and handles
an output stream to the file. She then exits the tool.”

3.4.5 The Volere Requirements Specification

Suzanne and James Robertson again bring up their volere requirements when talking about
writing the requirements [47]. They propose the volere requirements specification as a template
to formally write requirements (see Table B.2). The need of a specification is motivated by
bringing up the frequent problem of developers misunderstanding or misinterpreting the
requirements. Its contents consists of five main areas: project drivers, project constraints,
functional requirements, nonfunctional requirements and project issues. Moreover, it is
also important to bring up the rationale and fit criteria as a way to verify when a solution for
a requirement is suitable.

3.4.5.1 Project Drivers

As the name suggests, the project drivers are the reasons for why the project even exists
and why it should be undertaken. These include The Purpose of The Project, The Client, The
Customer and Other Stakeholders and Users of The Product. All of these are determined during
the blastoff-phase of the Volere Requirements Process [47].
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Table 3.2: A sample template and a requirement written with the Volere Requirements Speci-
fication

*unique ID*  “requirement type* *use case ID*

Description:  *description®
Rationale: *rationale*

Fit Criterion:  *fit criterion*

1 Functional Requirement Use Case 1

Description: A game world developer should be able to edit individual vertices of a
mesh.

Rationale: The vertex editing is needed to be able to perform sufficient detailed edit-
ing of the terrain.

Fit Criterion: The user shall be able to do perform the CRUD activities on vertices which
is saved in the internal world state of the tool.

The purpose of the project deals with the identified demand for the product. There should be
a problem to be solved, goals to be reached and a clear value created in the marketplace or
internal operations.

Secondly, the client, the customer and other stakeholders deal with accurately determining
and describing stakeholders of the product. The client in this case is the one who pays for
the product’s development. This person can also be known as a sponsor depending on the
origin. If the product is intended for sale then the client could be the product management or
marketing.

Lastly, the users of the product is the ones who will directly interact with the product. They
are also stakeholders but they have more leverage when it comes to discussing usability and
functionality. The users are the prime target for identifying functional requirements.

3.4.5.2 Project Constraints

The project constraints sets a boundary on the requirements and the outcome of the entire
project, although they still function in of themselves as requirements. According to Robert-
son, this area together with the project drivers should be seen as “setting the scene for the
requirements that are to follow” [47]]. This area includes Mandated Constraints, Naming Con-
ventions and Definitions and Relevant Facts and Assumptions.

As mentioned; constraints function as requirements, but in contrast to regular requirements
they are mandated. Within mandated constraints we have various subgroups of constraints.

e Solution Constraints relate to the design decisions for the final product, e.g. how it must
look and/or what technology it uses.
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* Implementation Environment of the Current System restricts the product to comply with
the established environment. Usually motivated when management does not want to
buy new hardware.

* Partner or Collaborative Applications determine which relationships with other products
the developed product must comply with. One example would be a constraint where
the product is required to interface with Facebook’s account and login system.

* Off-the-Shelf Software relates to software which is brought in to assist with the develop-
ment.

» Schedule Constraints are specifying the time frame of the product development. This
mainly points toward the deadline of the project.

* Budget Constraints determine how many resources are available for the development.
These resources can be money, people and effort.

The naming conventions and definitions are important for reducing misunderstanding, mis-
communication and essentially lost time within the development team. This includes having
some sort of continuously updated glossary with important terms which stakeholders/team-
members can use when communicating.

Relevant facts and assumptions have an effect on the product but do not get covered by the
other types of constraints. Relevant facts are external, an example would be "the maximum
bandwidth for the server’s Ethernet cable is 1000 Mbit/sec. In contrast, an assumption is made by
the team. An example here would be "a user’s client has a download speed of at least 1 Mbit/sec.
Both facts and assumptions need to be taken into consideration when developing the product.

3.4.5.3 Functional Requirements

A functional requirement relates to a specific functionality for the system. For example, “the
system should be able to save the world data to a file in the OS file system” is a functional
requirement. On the other hand, a nonfunctional requirement relates to a qualitative aspect
of the system. For example, “the system should be able to save the file within one second” is
a nonfunctional requirement [52].

It is important to first look at The Scope of the Work. This should scope the work reasonably,
describe the work and partition the work into smaller pieces called business events which es-
sentially are translated into use cases. After this, we establish The Scope of the Product. Suzanne
and James Robertson suggest this is best communicated through UML use case diagrams (as

seen in figure [47].

3.4.54 Nonfunctional Requirements

As mentioned earlier; a nonfunctional requirement relates to a qualitative aspect of the sys-
tem, e.g. timing, look and feel. When targeting a market with a product that might not
be groundbreaking, the nonfunctional requirements are more important than the functional
ones. Even when the product is groundbreaking, if the nonfunctional requirements have been
ignored, the experience of using it might be so bad that the intended users outright deny it
[47].

The nonfunctional requirements are classified into the following subgroups [47].
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* Look and Feel: These apply to characteristics like apparent simpleness to use, approach-
ability, attractiveness and sense of reliability. These need to be stated clearly with no
ambiguity.

* Usability and Humanity: The usability and humanity requirements are closely related to
the user’s abilities and expectations of the product. These are meant to give an overall
good impression on the user. Furthermore; it affects the productivity, efficiency and
error rates while using the product as well as its learnability.

* Performance: The performance is connected to the quality and availability of results from
the product. It can be timed aspects, for example “the results should be ready in 0.25
seconds”.

* Operational: These apply to the environment in which the product is used, both looking
at the physical- and the software aspect. A physical environment can be in a car during
a rainy night. A software environment can be the adjacent systems and modules such
as login systems, databases and other types of collaborating software.

* Maintainability: If future maintenance can be predicted for the product then require-
ments should be specified by this identifier. An example can be that the system should
be ready to be ported to Mac OS because it has been identified as a possible market in
the future.

¢ Security: The product might have a need for some type of security attached to it to
protect its users. A good model to follow when creating a security requirement is the
CIA triad; confidentiality, integrity and availability. [53]

* Cultural and Political: These handle the issues of international differences in culture and
religion. It is easy to miss these since one’s own culture is usually taken for granted.
One example is the difference in the management culture between the USA and Japan
where the Japanese companies apply much more strict and respected measurements
than the Americans. [54]

¢ Legal: There may be a set of laws in which a product is obliged to follow. A common
one today is the EU law that requires websites to disclose and get consent from the user
to store cookies on their device. [55]

3.4.5.5 Project Issues

The project issues are things to keep in mind when undertaking the development of the prod-
uct. Hence, these are not actually requirements. According to Suzanne and James Robertson;
if the organization already has a way of dealing with issues, then it is preferential to now
have this procedure present in the requirements specification [47]. The subareas this section
might be divided into are Open Issues, Off-the-Shelf Solutions, New Problems, Tasks, Migration
to the New Product, Risks, Costs, User Documentation and Training, Waiting Room and Ideas for
Solutions.

* Open Issues: These type of issues are unsure/unclear if they are an issue and it is unsure
exactly how they will impact the project. Hence why they are deemed open.

* Off-the-Shelf Solutions: It is important to look at what off-the-shelf software can be used
and/or bought for the project. Otherwise, these are good indicators for the client that
the costs might rise heavily because of tool development.

* New Problems: If things changes within the project a new set of problems might appear.
Hence, it is important to prepare for eventual changes.
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¢ Tasks: These are concerning the cost and effort to buy, build and install systems. They
can be used by management to determine the feasibility of a particular system within
the project.

* Migration to the New Product: When the product is installed, work is most certainly
needed to be done to ensure the transition over to the new product. These are used for
the project planning.

* Risks: Risks are usually handled through some risk management process. They do not
have to be precise, but it is important that the risks are understood and have their re-
spective action plan if they occur. These help management re-evaluate the cost and
effort of a project if a problem would actually occur.

* Costs: Further improvements to the prioritization of requirements and project planning
can be done if each requirement has a cost assessment attached to it. No overly opti-
mistic assessments should be present.

* User Documentation and Training: These describe what the produced documentation for
the product needs to contain.

* Waiting Room: All requirements which do not fit into the initial release of the product,
but you do not want to lose, are put into this section. This can also hold good ideas
which have been uttered, and this also ensures everyone that their ideas have not "been
lost".

* Ideas for Solutions: It is important to document eventual ideas for solutions to the prob-
lems the requirements lift. However, these should not be added as requirements them-
selves. Instead put them in this separate section.

3.4.5.6 Fit Criteria and Rationale

In contrast to the previous areas brought up; the fit criteria is not a requirement or issue for
the project. It is a verification for a requirement to determine when a developed solution is
approved. When we apply a fit criteria to a nonfunctional requirement, its goal is to give it a
form of measurement. For example; “the tool should be user-friendly” is quite vague. If we
apply a fit criteria to it, it might say “a new game world developer should be able to create
a 3D terrain within 10 minutes after first attempting to use the tool”. Now the nonfunctional
requirement is measurable. On the other side; when it comes to functional requirements it
is a bit easier to do the process. A solution for a functional requirement either does or does
not a specific action. For example; “a game world developer should be able to edit (CRUD)
individual vertices of a mesh” is quite straightforward. Either the developed solution does or
does not allow the game world developer to edit the vertices. If it does, the solution fits. If it
does not, then the requirement is not fulfilled. For example; “the user shall be able to perform
the CRUD activities on vertices which are saved in the internal world state of the tool” could
be a fit criterion for the functional requirement [47].

The rationale is attached to a requirement in order to give developers a better understanding
for it. Suzanne and James Robertson have noted that “attaching a rationale to the requirement
makes it far easier to understand the real need” [47]. The requirement; “a game world devel-
oper should be able to edit (CRUD) individual vertices of a mesh” could have the rationale
“The vertex editing is needed to be able to perform sufficient detailed editing of the terrain”.
This can be helpful also when coming up with a fit criteria for the requirement.
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3.4.6 Volatile Requirements

G. Kotonya and I. Sommerville say that requirements change is unavoidable [56]. Because
of this; they suggest looking at two kinds of requirements, stable and volatile. The stable
requirements are concerning the application domain, the essence of the system. On the other
hand; the volatile requirements concern a specific instantiation of the product; such as tar-
geting a particular customer. There are four types of volatile requirements proposed: mutable
requirements, emergent requirements, consequential requirements and compatibility requirements.

* Mutable requirements: These types of requirements change with the environment. If the
laws for cookies change and become stricter, then the requirement stating the website
should comply with the EU directive should be seen as mutable.

* Emergent requirements: These are seen as incomplete until a later stage of the project.
If a design for displaying some sort of information to user cannot be fully established
before some functionality has been implemented, it might be deemed as an emerging
requirement. It is necessary, but not able to be concretized right now.

 Consequential requirements: New features and functionality might get apparent once the
product is installed and tested. These are deemed as consequential requirements.

» Compatibility requirements: These are requirements which are dependent on some spe-
cific hardware or other systems. If these change, then modifications will most likely
need to be applied to the product. Hence, these features become compatibility require-
ments.

The theory is based from the software industry back in the 90’s and might be considered old.
K. Wiegers argues that the point of agile development is to have all requirements more or less
seen as volatile [57]. Then by this conclusion, the volatility is already taken into consideration
when using the volere requirements specification with an agile methodology.

3.4.7 Derived Requirements

The concept of derived requirements is that they stem from further analyzing of the users’
requirements. However, because of this they should automatically have less priority than
the original user requirement. An example of a derived requirement; if one has “the user
should be able to buy assets within the tool”, then it is quite reasonable to derive that “the
user should be able to add his/her payment information in a payment interface” [58] [59].

3.4.8 Alternative Classification of Requirements

In the book Engineering and Managing Software Requirements [41], a possible alternative classi-
fication to the Volere Requirements Specification Template is presented. It brings up different
areas of classification for the requirements. The first area of classification is the standard to
differentiate between functional- and non-functional requirements. The second area of classi-
fication is the goal level-, domain level-, product level- and design level requirements. Goal level
requirements are related to business goals. Domain level requirements are related to a prob-
lem area. Product level requirements are related to the product and design level requirements
are related to what we are actually building. A third area of classification looks whether it is
a primary- or derived requirement. Primary requirements are elicited from the project’s stake-
holders while the derived requirements are derived later from the primary requirements. The
last area of classification are business-, technical-, product-, process- and role based requirements.
Business- and technical aspects should be put against one another when classifying where a
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requirement fits, in the same case as product- and process aspects are put against each other.
The role based requirements relate to which role group it is raised from; which could for
example be customers, users, IT or system administrators.

3.4.9 Prototyping for Requirements

A. Hickey and D. Dean note in their article Prototyping for Requirements Elicitation and Vali-
dation: A Participative Prototype Evaluation Methodology that prototyping is widely seen as a
good way for acquiring requirements. If user testing is to be done, it is important for the
development team to be present when conducting it with the prototype. It is also useful to
have a defined evaluation methodology in place for each evaluation phase. They propose
four participative evaluation methodologies [60].

Firstly, the Demonstration-Based Prototype Evaluations is preferential if the developers introduce
a prototype to new users or if the prototype is quite limited in terms of functionality. The
demonstration is almost like a seminar where the users discuss and ask questions. These
events are recorded by a designated recorder person from the development team when a
possible new requirement is encountered [60].

Secondly, the Chauffeured Scenario Prototype Evaluations makes users follow an instructed sce-
nario given by a developer. There is preferably one developer per user. Possible new require-
ments are recorded when surfaced [60].

Thirdly, the Independent Scenario Prototype Evaluations can be performed when the users know
about the program or similar programs and can undertake a scenario themselves. This is
mainly used to validate requirements since the questions are only answered one-on-one and
the developer gives minimal information and input [60].

Lastly, the Comprehensive Prototype Evaluations is done after the independent scenario evalu-
ation. Here, the users will one by one try out the complete prototype while trying out and
experimenting with its various features. This is followed with some evaluation questionnaire
to catch the users’ thoughts and feelings [60].

3.5 Windows Presentation Foundation

Windows Presentation Foundation (WPF) is a framework developed by Microsoft for creating
professional desktop applications for the Windows operating system using the C# program-
ming language [61]. It utilises DirectX to render the application on the graphics processing
unit to allow for a more responsive experience. It is designed to unify common user interfaces
so they work well together and allow developers to easily create good user experiences. By
separating the view from the application logic using the model-view-viewmodel pattern the
software becomes easier to write and test. WPF comes with a designer tool that allows the
developers to build the user interfaces separately from the code, which are then connected
during run-time using data bindings.

3.6 Model-View-*

The model-view-controller pattern was detailed in 1988 as a pattern to solve the problem of
separating rendering logic and business logic, since then it has evolved into many similar
patterns [62]. The model-view-controller pattern consists of a controller which takes input
from the user and manipulates the model which updates the view, changing what the user
sees. One of the evolutions of model-view-controller is the model-view—viewmodel (MVVM)
pattern, which is a software architectural pattern designed by Microsoft to make it simpler
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Figure 3.8: Overview of the components of the model-view-controller pattern.
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Figure 3.9: Overview of the model-view-viewmodel pattern.
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to use event-driven programming for user interfaces [61]]. It was incorporated into WPE,
serving an integral role for the framework. The idea of MVVM is to let the view be completely
dedicated to the user, handling the input and the display of the information, while letting the
model be completely focused on the application logic. The viewmodel then acts a middle
layer converting information from the model to data for the view to show. The connection
between the view and the viewmodel is done using data-bindings, which means that the

viewmodel does not need to have a reference to the view, and many views can use the same
viewmodel.

Since then game development has evolved and tools have been developed. A study per-
formed in 2015 found that most game developers thought that it was easier to make games
and they were using more third party software than before [14].
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Method

The project was developed by a two person team of software developers following the meth-
ods described in this chapter.

4.1 Prestudy

The first phase of the project started with gathering research material in order to find a strong
theoretical foundation for the project. Once the foundation had been established there was a
project blastoff where stakeholders were identified as well as constructing use cases and sce-
narios. After this, there was a requirements elicitation process to find out the requirements so
that the initial development could be planned. The whole requirements engineering followed
most of the framework described in Section[3.4]

The theory gathering mainly focused on two parts. The first part being usability design,
testing and evaluation, as to find information about recent usability design processes and
guidelines in order to avoid common mistakes and to help form a good design base. The
second part of the theory gathering was focused on requirements engineering and product
development to ensure that the project would result in a product that meets the needs of the
end users.

Alongside this there was also a study of commonly used tools and editors to examine the
state-of-the-art and to find common usability patterns and important features.

4.1.1 Research Methodology

In Research Methodology: Methods & Techniques C.R. Kothari presents different types of re-
search [63]. The kinds of research he describes are analytical, applied, descriptive, empirical
and fundamental research. Analytical research is described as research that analyzes and
evaluates existing data. He describes applied research to be the kind of research that intends
to solve a problem for a group or organization. Descriptive research is classified as research
that aims to describe something that has happened or is happening. Empirical research is the
kind of research that looks at data that can be verified and produced by experiments. Finally
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fundamental research is research that aims to study the basics and create theories and gener-
alizations. The project that was being performed in this study aimed to solve a problem for a
company and is therefore considered applied research.

Further, Kothari provides two classifications for how the research is approached [63]. The
quantitative approached is based on generating data that can be then be evaluated and an-
alyzed through statistical models. Contrarily, the qualitative approach is based on creating
soft data, such as feelings, which are hard to measure and can not be quantitatively analyzed.
The research performed during this project was qualitative because the data is based primar-
ily on user tests and it was not possible to gather enough test users because of the Covid-19
crisis [8]] to generate quantitative data.

4.1.2 State-of-the-Art Study

To find out more about the state-of-the-art of game development tools we asked the mem-
bers of the East Sweden Game community what tools they were using in their video game
development processes. The tools were examined for shared features and common design
patterns. The findings were then used for the conceptual design and the requirements elici-
tation process to ensure that the requirements would lead to a product that fits the standards
and expectations of an experienced user.

4.1.3 Stakeholder Analysis

The stakeholder analysis was done according to the model proposed by Sharon De Mascia
[49]]. This resulted in the stakeholder analysis having two axes, power and interest. Then
a thorough look was taken at the different types of frameworks, environments, client and
consumers, co-workers and tools planned for use during the development. A matrix diagram
was then constructed of these.

41.4 Requirements Elicitation

The requirements elicitation process followed the skeleton laid out by Suzanne and James
Robertson in their proposed Volere Requirements Process [47]]. A project blastoff was held where
the objectives, goals and scope were clearly defined. The result from this can be seen in
this thesis” introduction [I| chapter. After this, the requirements trawling pursued which was
partly done with the help of developing a prototype (see [£.1.4.3). This was mainly the case
because the development of a tool specialized in one type of game medium is tough to predict
requirements for without some mock-up.

With the prototype complete, use cases were identified which were then documented to-
gether with early nonfunctional requirements. After this, scenarios were created with all
developers involved. These scenarios could then give us the final list of user requirements,
which could then be used to find any possible derived requirements. The requirements were
written down according to the volere requirements specification brought up in the theory

chapter

4.1.4.1 Use Cases

Use cases were used as a model to generate the first requirements. They were written some-
what according to the suggested use case specification by Visual Paradigm [51]. Alternative
paths, business rules, priority were trimmed away. Apart from the explicit user and the sys-
tem, actors were also trimmed away. The implication of each row can be found under Section
3.4.3
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Table 4.1: Use case specification used for the project

Use case # *name*

Summary Description *description*
Pre-Conditions *conditions*
Post-Conditions *fulfilled conditions™
Basic path *list of actions*
Non-Functional Requirements *requirements*

Table 4.2: Scenario specification used for the project

Scenario # *name*

Story: *story™

4.1.4.2 Scenarios

Some scenarios were constructed in order to catch less obvious alternative paths in the use
cases. These followed the template brought up by S. and J. Robertson, and it followed their
suggestion of application on highly agile projects [47]. The specification the project followed
was just a name and a story depicting the activities and alternative paths taking place. A
template can be seen on Table

4.1.4.3 Prototype

Prototyping has been widely accepted as a valuable way for requirements elicitation [60]. The
methodology brought up have different ways of approaching the prototype development,
but most of them consist of a thorough development. This was considered to have taken
too much time, and hence were skipped. For the developed tool, it was decided that the
prototype was mainly created to generate the nonfunctional requirements related to look and
feel and usability and humanity. Furthermore, it was also able to be used to brainstorm the
first use cases based off of it. Hence, a simple user interface mock-up was created within the
image software GIMP [5].

4.1.5 Areas in the Domain of User Actions

Areas were defined to easier categorize the functional requirements. These domains were
general, terrain, vertices, placing, doodads and volumes.

* General: Functional requirements were placed into this area if they were seen as very
basic software functionality or were globally available actions. Requirements could
also be put here if they did not fit into any of the other areas

e Terrain: Functional requirements in this area relates heavily to the terrain editing.
Mainly connected to editing the 3D mesh by manipulating faces.

¢ Vertices: Functional requirements here are about editing the 3D mesh by manipulating
vertices.
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Table 4.3: Requirement specification used for the project. Note that it says requirement type
and domain area instead of only requirement type. This was so it would be easy to see what area
in the domain of user actions they were addressing.

*unique ID*  *requirement type and domain area* *use case ID*

Description:  *description™

Rationale: *rationale (if not derived from a use case or scenario)*

* Placing: Functional requirements in this area handled the placement and editing of doo-
dads and entities in the game world.

* Doodads: These functional requirements handled the creation, saving, deletion and edit-
ing of doodads and entities in the local database.

* Volumes: Functional requirements here would be connected to creating and manipulat-
ing volumes in the game world (e.g. water volumes).

4.1.6 Requirements Specification

Requirements were documented in an adapted specification from the volere requirements
specification proposed by S. and J. Robertson [47]. The compiled template can be seen in Table
and is further documented under the theory Section In the adapted specification; it
says requirement type and domain area instead of only requirement type. This was so it would be
easy to see what area in the domain of user actions they were addressing.

Notice that fit criterion has been stripped away. This was because of the methodology used,
extreme programming (see Section [3.3.4). In this case, since the product owner (on-site cus-
tomer) was available at all times, it was possible to verify completion directly instead of
comparing to a defined fit criterion. Furthermore, the rationale in the specification was only
used whenever new requirements were added on top of the ones defined during the project
blastoff. This was the case mainly because use cases and scenarios were deemed to be provid-
ing enough motivation for the initial requirements. However, these new ones did not have
any use cases or scenarios backing them up, hence why a rationale was instead attached to
them.

Functional requirements, non-functional requirements and project constraints were used to
categorize requirements. Project issues were skipped, mainly because this was a very low-
risk and low-cost project. This would have provided the development with limited benefits
compared to the decision-making and documentation needed. With a small team of only
two people, the development was also highly flexible and could relatively easy circumvent
project issues when they appeared.

4.2 Implementation

The work was divided into three iterations, called sprints. Each sprint was roughly a month
long. Through the agile methodology used, the backlog’s listed requirements were also given
a priority value. However, this was done outside of the requirements specification and only
applied as a measure when executing the sprints. The non functional requirements and the
project constraints were to always be fulfilled throughout the development process.
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At the start of each sprint there was a requirement elicitation process to obtain any new re-
quirements that might have been found during the last sprint. After that, the existing require-
ments were renegotiated and reevaluated together with the new requirements. Then a set of
requirements that would be fulfilled during the sprint was decided upon and was combined
with any remaining unfulfilled requirements. This set of requirements was then examined
to find out what systems and functionality would need to be developed to fulfill the require-
ments. Based on the examination of the requirements a list of small and focused tasks was
created to guide the development process during the sprint, forming a backlog. The tasks
from the previous sprint backlog were reexamined and any finished task was removed while
any unfinished task was reexamined to determine if it was still relevant and if its priority
should be changed. The task priority was based on the importance of the tasks that required
it to be developed and the importance of the requirements it was needed to fulfill. The tasks
with the highest priority were developed first so that the most important requirements would
be finished first and so that the user testing would give the most useful results.

At the end of the first two sprints there was a qualitative usability test in order to find any
usability defects to be fixed during the next sprint. The tests were performed with five users
of various backgrounds who were each given a list of tasks to complete. The tasks were care-
fully designed in accordance to the theory reviewed in Section and focused on testing
the new features developed during the sprint. Tasks that had shown to be problematic in
previous tests were also repeated to ensure that they had been fixed. The tests were per-
formed according to the Question-Suggestion methodology [25]. During each session there
were notes taken on every problem the test users came across while performing the test tasks.
Then the problems were analyzed and split into design problems and bugs. There was a task
added to the product backlog for each of the found problems, with the usability design issues
set to the highest priority.

4.3 Evaluation

Table 4.4: The SUS questionnaire questions that were used for this thesis.

Number Question

1 I think that I would like to use this editor frequently.

2 I found the editor unnecessarily complex.

3 I thought the editor was easy to use.

4 I think that I would need the support of a technical person to be able to use this editor.
5 I found the various functions in this editor were well integrated.

6 I thought there was too much inconsistency in this editor.

7 I'would imagine that most people would learn to use this editor very quickly.

8 I found the editor very awkward to use.

9 I felt very confident using the editor.

10 Ineeded to learn a lot of things before I could get going with this editor.
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After the last sprint was completed there was a final qualitative usability test to measure the
results of the process. The test consisted of a realistic scenario based on an actual use case for
the editor where the various functionalities of the editor were utilized. To ensure that the test
users would resemble experienced users before starting the problem domain was explained
to the test users and an expert was available during the testing to answer questions about
basic functionality of the tool. After the test had been performed the testers were asked to
answer the System Usability Score questionnaire as shown in Table Of note is that the
word system was replaced with editor and the word cumbersome was replaced with the word
awkward with accordance to the theory described in Section[3.2.5] The SUS score for a test user
was then calculated by summing together their answers to the questions, where the answers
to the odd questions are reduced by 1 and the answers to the even questions are subtracted
from 5. Then the scores are averaged and multiplied with 2.5. The same procedure is used to
calculate the learnability score, except that only the answers to questions 4 and 10 are used
and they are multiplied by 12.5 instead.

4.4 Tools Used

Third party tools were used for the development of the game development tool. Firstly is
the integrated development environment used, Visual Studio 2019 [64]. Secondly, the dis-
tributed version-control system Git [65] and the cloud hosted Git server and tool GitHub
[66]. The backlog with its functional requirements were hosted on Trello [67], and lastly the
SUS questionnaire was done through Google Forms [68].

4.4.1 Visual Studio 2019

Visual Studio 2019 was used when creating the WPF application (see Section 3.5). A well
integrated tool for creating the XAML was used, the WPF Designer. However, as the sprints

progressed it was used it less and less; instead the XAML was written directly in text form.
[64]

4.4.2 Gitand GitHub

Git is a distributed version-control system. GitHub is a cloud based platform where users
can host their Git repositories. They have a desktop application for doing the common Git
operations (Pull, Commit, Push, branching) which was utilized through the whole project.
[65]] [66]

4.4.3 Trello

Trello is a platform for cloud hosted boards and cards. These were used to create the virtual
product backlog and the sprint backlog. The boards were separate, but a plugin was used to
add dependencies between functional requirements in the product backlog and tasks in the
sprint backlog. [67]

44.4 Google Forms

Google Forms was used to construct and host the SUS Questionnaire. [68]
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Results

The results and documentation of the project are presented here. The prestudy generated the
theoretical framework used (see Chapter [3) but it also contained the project blastoff and the
requirements elicitation process. This chapter is structured as the method suggested; first a
prestudy, then sprint 1, sprint 2 and sprint 3 together with a SUS-evaluation.

51 Prestudy

After the theory gathering, the project blastoff commenced. This included identifying the
stakeholders, study of existing tools and editors, creating a prototype, creating use cases
and creating scenarios. Then the requirements elicitation process began, leading to the defi-
nition of initial requirements and project constraints.

5.1.1 Stakeholders

The resulting stakeholders are shown in Figure Some of these became aspects that could
jeopardize the project instead of purely having a stake in the outcome of the project. For
example, Microsoft’s power over WPF and C# is worth keeping in mind but is something
that most likely will not be affected by the project. If we look at the legal aspect; there is a
possibility that legal issues might arise during user testing, e.g. non-disclosure agreements
in case of pilot testing. A decision was made to circumvent this by only having in-house
testing on developer computers. This way the legal aspect was minimized, but was still
worth keeping in mind and documented for reference.

5.1.2 Study of Existing Tools and Editors

Before the design of the prototype, a study of existing popular editors was performed in order
to find common features, especially interface elements.

One of the common features that was found is the bottom bar or status bar. It is a small bar
that stretches along the bottom of the editor window. Typically it contains some hints about
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Figure 5.1: The resulted stakeholder analysis for the project. It is worth noting that some
groups may overlap.
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Figure 5.2: A collection of status bars from various editors.

how to use a tool, the position of the cursor, the zoom level and shows progress during slow
operations. Some examples can be seen in Figure[5.2}

Another very common feature was the top bar, also known as tool bar. It is a bar stretching
across the top of the window containing buttons for commonly used tools and toggles. Some

example top bars can be seen in Figure[5.3|

We also found that every editor, and most programs in general contained a file menu which
consists of a few drop down menus containing actions and settings.
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Figure 5.3: A collection of top bars from various editors.
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Figure 5.4: A prototype for the user interface of the tool

5.1.3 Prototype

A simple prototype mock-up was created for the tool mainly to catch the first nonfunctional
requirements related to look, feel, usability and humanity. The result can be seen on Figure

G4
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5.1.4 Use Cases

The resulting use cases from the methodology are shown in Table Four modes of the
editor were defined; FREE NAVIGATION, TERRAIN, DOODAD and TILE EDITING.

5.1.5 Scenarios

The scenarios created can be seen in Table[5.2} These stemmed from further analyzing the use
cases in Table 5.1} but also by looking at what could happen between them where the flow of
actions were not fully determined already.
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Table 5.1: Use cases generated during the project blastoff

Use case 1

Summary Description

Pre-Conditions

Post-Conditions

Basic path

Non-Func. Req.s

Start tool and navigate

The user starts the tool and navigates in the first-person view
and the orthogonal top-down view.

nomne

The tool is running
The tool is set to FREE NAVIGATION mode

1. The user starts the tool

2. The tool loads a default game world file

3. The tool starts in the FREE NAVIGATION mode
3. The user starts in the orthogonal top-down view
4. The user switches to first-person view

5. The user starts moving around with the camera

The tool must not take longer than a minute to start

Use case 2

Summary Description

Pre-Conditions

Post-Conditions

Change tool mode

The user can change the mode of the tool to TERRAIN, FREE
NAVIGATION, DOODAD and TILE EDITING modes.

The tool is running

The tool can be in the modes: [TERRAIN, FREE NAVIGATION,
DOODAD, TILE EDITING]

Basic path 1. The user can see a top-bar panel with different tool modes
2. The user clicks on a mode and the previous mode deselects
Use case 3 Draw polygon

Summary Description

Pre-Conditions
Post-Conditions

Basic path

The user draws a polygon on a surface with the mouse and then
scrolls in order to extrude the shape from the surface.

The tool is in TERRAIN mode
no addition

1. The user selects the polygonal drawing tool from the left-side
toolbar

2. The user clicks on a surface of the world mesh

3. The user finishes drawing a polygon on the selected surface
4. The user scrolls with her mouse to extrude the shape
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Use case 4

Summary Description

Pre-Conditions
Post-Conditions

Basic path

Non-Func. Req.s

Play and stop game

The user can control the game execution through a game control
panel.

The tool is running
no addition

1. The user starts the game by pressing a green play button on a
game control panel in the top

2. The user is now locked to the FREE NAVIGATION mode and
can’t perform any editing

3. The user pauses the game by pressing a pause button

4. The user does step-wise frame execution by pressing a step
button

5. The user resets the game by pressing a reset button

6. The user stops the game execution by pressing a stop button
7. The tool resets back to the old mode and the user is now able
to perform editing

Game controls should not take longer than 3 seconds

Use case 5

Summary Description

Pre-Conditions

Post-Conditions

Tile editing

The user sets auto-mesh properties on the tileset used for the
game world.

The tool is in TILE EDITING mode

no addition

Basic path 1. The user sees active tilesets for the game world
2. The user selects a tile and adds wall borders, roof borders and
can add a 3D mesh
3. The user saves the tile information

Use case 6 Doodad and entity editing

Summary Description

Pre-Conditions
Post-Conditions

Basic path

The user can edit and place doodads and entities from a list. She
may save certain selections to a palette.

The tool is in DOODAD mode
no addition

1. The user navigates a list containing all doodads or entities
from the local database depending on a category flag

3. The user adds a selected doodad to a palette

4. The user right clicks on a doodad in the game world and se-
lects to view its properties

5. The user changes its sprite and saves the doodad
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Use case 7

Summary Description

Pre-Conditions
Post-Conditions

Basic path

Manage doodad-and-entity database

The user’s changes to entities and doodads can be saved to a
database.

The tool is in DOODAD mode
no addition

1. The user clicks the button to create a new doodad

2. The user is prompted with a doodad-and-entities properties
window

3. The user inputs information and saves the doodad

4. The doodad is now saved to the local database

Use case 8
Summary Description
Pre-Conditions

Post-Conditions

Vertex editing
The user can perform individual vertex editing on a mesh
The tool is in TERRAIN mode

no addition

Basic path 1. The user selects a vertex editing tool from the left-side toolbar
2. The user selects a vertex and moves it
3. The user then deletes the selected vertex
4. The changes to the mesh are saved

Use case 9 Doodad- and entity-properties editing

Summary Description

Pre-Conditions
Post-Conditions

Basic path

The user can attach a script to a doodad or an entity. She can also
attach a light emitter, sound emitter and a particle emitter

The tool is in DOODAD mode
no addition

1. The user enters the properties view of an entity

2. The user adds a script component in the view

3. The user also adds light emitter-, sound emitter and particle
emitter components

4. The user saves her changes to the entity
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Table 5.2: Scenarios generated for the project

Scenario1 Booting the tool

Story A user starts the tool. The tool loads the set default game world file, and if
it fails it leaves a blank canvas on the screen. The user proceeds to open a
.tmx- or a .cmx file. The user is presented with an in-game view of the map
in which he can navigate in a first-person- or a top-down orthogonal view.
The user can proceed to save the game world to the game world file with its
current state.

Scenario 2  Sculpturing the terrain

Story A user in the TERRAIN mode has multiple mesh tools at her disposal in the
left-side bar. When a tool is used, the vertices generated snaps to the in-
game pixels. If the user cancels the procedure midway through the tool will
completely disband the changes being made. When the user is done with a
tool she should have a sub-surface in which she can extrude by scrolling with
the mouse.

Scenario 3 Changing properties of doodads and entities

Story A user in the DOODAD mode has a list of all the doodads and entities cur-
rently in the local database. The user may sort them by categories and if a
category leads to an empty list the user is prompted with a message saying
that this category is empty. The user can create a doodad/entity by click-
ing a button. A new window pops up where the user can change the sprite,
change name and description as well as add new components. If the name
box is left empty the user is unable to save her changes. If the user sets a
non-unique name, a number within parentheses appears next to the name.

Scenario 4 Choosing a sprite frame

Story A user in the DOODAD mode enters the properties of a selected entity. The
user proceeds to change the sprite image of the entity. A view appears where
she can select which spritesheet (image file) the sprite should be based on
and which frame should be the default frame for the entity. If the user fails
to select a frame the save button will be disabled. If the user selects the whole
spritesheet as its frame and tries to save, a warning is prompted asking if the
user really wants to select the whole image as the frame. The user may or
may not click okay to proceed with the save.
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Table 5.3: Non functional requirements for the project

Type Requirement

Performance  The tool must not take longer than a minute to start

Performance  Game controls shall not take longer than 3 seconds to execute (starting,
stopping and pausing the game)

Look and Feel = The product shall comply with Nielsen’s 10 rules of thumb for user inter-
face design [69]

Operational The product must interface with MonoGame [10]

Usability Identified usability issues are of highest priority

Table 5.4: Project constraints

Type Constraint

Environment The code must be written in C# and XAML using Windows Presentation
Form (WPF)

Environment The code must be version controlled with Git
Schedule The project must be finished 22:nd of May 2020 (after the last sprint)

Solution The file format for the saved game worlds shall be called .cmx

5.1.6 Initial Requirements and Project Constraints

The requirements could be generated by analyzing the use cases, scenarios and the created
mock-up prototype. The non-functional requirements can be found in Table The project
constraints can be seen in Table[5.4|and lastly the functional requirements can be seen in Table

G5l

Table 5.5: Functional requirements, P denotes priority where the lowest number has the highest
priority. Area denotes which area it relates to in the domain of user actions.

ID Area P Requirement

1 General 1 Open .tmx file and load it into the game
2  General 1 Save current map state to a map file

3 General 1 Exitprogram

4  General 1 Reload map file

5 General 1 Promptunsaved changes
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

General

Terrain

Terrain

Terrain

View from the player’s perspective
Start game

Stop game

Step 1 frame in-game

Reset game

Switch to Terrain Editing

Snap to pixels

Switch to Tile Editing

Perform Volume Editing

Switch to Doodad and Entity placing
First person view

Navigate first person view

Enable Vertex Editing

Snap to grid

View grid

Toggle sunlight on the map

Edit ambient light on the map

Edit rendering properties

Undo

Switch between orthogonal and perspective view
Perform automap

Enable Polygon Drawing

Show obscured volume

Generate base plane for the world
Select surface

Extrude surface along its normal
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32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Terrain
Terrain
Terrain
Vertices
Vertices
Vertices
Vertices
Vertices
Vertices
Placing
Placing
Placing
Placing
Placing
Placing
Doodads
Doodads
Doodads
Doodads
Doodads
Volumes
Volumes
Volumes

General

Select subsurface

Delete extruded surface mesh

Draw polygonal subsurface on surface

Select vertex

Delete selected vertex

Move vertex (pixel perfect)

Insert vertex on edge

Pull along orthogonal direction (at player camera)
Select multiple vertices

Select doodads/entities from a menu

Edit a doodad/entity (separate view)

Drag doodads/entities to a palette (hotbar)

Filter doodad/entity menu by tags or group
Switch between palettes

Load selected (in-game) doodad/entity to palette
Create new doodad

Save doodad to database

Load doodads from database

Remove doodad from database

Set doodad sprite

Draw 2D polygon from player’s camera’s perspective
Set properties on volume (liquid, etc...)

Set triggers on volume

The default mode in the editor should be a free movement mode
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5.2. Sprint 1

5.2 Sprint1

After the prestudy, sprint 1 commenced. The sprint backlog created can be seen in Table[5.6]
These mainly covered setting up the basic UI, the game controls and the functionality related
to Scenario 1 and Scenario 2. This included the ability to move around, load maps, start and
stop the game and putting down a general architecture to handle interfacing with the game.

Looking at Figure[5.5, in the top-left of the window one can see game controls which handles
the execution of the game, not yet implemented at this stage. The milestone achieved here
was to have the MonoGame project running inside of the WPF application. Then looking at
Figure 5.6} here one can draw a polygon on a surface, extrude it and then hit the play-button
to try it out in-game. These two figures were created at different times during sprint 1, the
first one being early in the development.

When sprint 1 concluded, a new set of requirements had been derived. These were mainly
connected to the usability requirement of the product and can be seen in Table 5.7} The
scope for some of the initial requirements had been underestimated and therefore incom-
plete. Overlap between some requirements had also been failed to be identified since some
unplanned requirements could be really quickly finished after some other planned require-
ments were completed. Therefore, some unplanned requirements were completed while
some planned ones were not. This also included the derived requirements during devel-
opment, which also took priority since they were usability issues. The finished requirements
can be seen in Table[5.8] Some requirements got re-evaluated priorities after the sprint review
and can be seen in Table 5.9

81 CandideCrestor | B 0 O] 5 | HotReload avaiabie <‘ - o x

File Edit Help

BE_ ornmE> _{dHE ig.

Figure 5.5: Screenshot of the default free navigation mode at an early stage into sprint 1.
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ID

Table 5.6: Backlog for sprint 1

Functional requirement

10

11

12

29

30

31

32

33

34

55

Open .tmx file and load it into the game
Save current map state to a map file
Exit program

Reload map file

Prompt unsaved changes

View from the player’s perspective
Start game

Stop game

Step 1 frame in-game

Reset game

Switch to Terrain Editing

Snap to pixels

Generate base plane for the world
Select surface

Extrude surface along its normal
Select subsurface

Delete extruded surface mesh

Draw polygonal subsurface on surface

The default mode in the editor should be a free movement mode
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Figure 5.6: Screenshot of the terrain editing mode towards the end of sprint 1.
Table 5.7: Newly derived requirements during sprint 1
ID Category Requirement Rationale
56  Terrain Raise entities and doodads to- This is needed in order to avoid
gether with the tile they are entities and doodads getting lost
placed on if it changes height bellow the terrain when increas-
ing its height.

57  General Move camera to player position  If the user gets lost while nav-
igating or while play-testing
he/she can more easily reset the
camera position.

58  General Navigate a mini-map of the cur- This gives the user the ability to

rent game world more roughly with higher speed
navigate the camera across the
game world.

59  General Use hotkeys for tools These will allow the user to

memorize key-combinations
over time which can help in-
crease productivity and usability
within the tool.
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Table 5.8: Finished requirements during sprint 1

ID Requirement Note

1 Open .tmx file and load it into the game

4  Reload map file

6  View from the player’s perspective

7 Start game

8  Stop game

9  Step 1 frame in-game

10 Reset game

12 Snap to pixels

19  Snap to grid Not originally in the sprint backlog, great
overlap with requirement 12

20 View grid Not originally in the sprint backlog, great
overlap with requirement 12 and 19

29  Generate base plane for the world

30 Select surface

31 Extrude surface along its normal

32 Select subsurface

55 The default mode in the editor should be

a free movement mode

57 Move camera to player position Not originally in the sprint backlog, easy
to implement and was deemed necessary
for the usability

58 Navigate a mini-map of the current game Not originally in the sprint backlog, was

world

deemed necessary for debugging and us-
ability
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Table 5.9: Re-evaluated requirements during sprint 1 review, all of these were originally set
as priority 1

ID Area Requirement

13 General Switch to Tile Editing

14  General Perform Volume Editing

53  Volumes Set properties on volume (liquid, etc...)
54  Volumes Set triggers on volume
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5.2.1 Evaluation

After the sprint had been completed a usability test was performed. The tasks given to the
users are shown in Table The task completion rate was 100%. The results of the testing
is presented in Table Moreover, some problems were discovered. These problems are
listed in Table

Test users 1 and 2 were graphic artists with less technical understanding but with more expe-
rience with 3D modelling tools and drawing tools. Test users 3, 4 and 5 were game developers
with technical knowledge and game design skills, having experience with various game de-
velopment tools and editors.

Table 5.10: Tasks given to the users participating in the sprint 1 usability test evaluation.

Task description

Note

3.1

Load the map file demo.tmx.

Run the map file in the game.

Attempt to do 1 sword swing every other
in-game frame. (Press Z to swing and
WASD to move)

Step 1 frame.

Navigate the map’s four corners while
the game is stopped.

Reset the position of the player.
Do a 32x32 exact 3D cube on a random
location. Height from the base plane

does not matter.

Turn the (now flat) hill into a 3D struc-
ture.

“Save” your changes.

Check if the Minimap and right-click-
dragging is intuitive enough.

Check if the grids are intuitive to use.

Save is not actually implemented.

52



5.3. Sprint 2

Table 5.11: Results from the sprint 1 usability testing.

Test user 1 Test user 2 Test user 3 Test user 4 Test user 5
Task 1 Ok Minor problem | Ok Ok Ok
Task2 | Ok Minor problem | Ok Ok Ok

Task 3 | Software problem

Task 3.1 | Needed help Needed help Ok Ok Ok
Task 4 Ok Unclear Task Ok Ok Ok
Task 5 Ok Minor problem | Ok Ok Ok

Task 6 | Major problem Major problem | Major problem | Major problem | Problem

Task 7 Problem Problem Problem Problem Problem
Task 8 Ok Ok Ok Ok Ok
5.3 Sprint 2

The backlog for sprint 2 inherited some of the requirements from sprint 1 since they were
not finished. These mainly concerned the terrain editing aspect and some functionality the
required full unambiguity architecturally, like saving the map to a file. The new functional
requirements taken from the product backlog were decided by their listed priority and also
slightly by how efficiently cross-development between requirements could be done. The us-
ability problems can be seen in Table and the product requirements can be seen in Table
5.13]

The usability problems were prioritized first, which means none of the functional require-
ments set as initial requirements were developed until a later stage in the sprint. Keybind-
ings and the ability to have undo-able and redo-able actions posed the biggest challenges.
This was the case mainly because of the structural properties those aspects required on the
architecture of the software. However, it was possible to implement these and have all of the
usability issues fixed midway through the sprint.

A screenshot showing the updated terrain editing mode and its usability improvements can
be seen in Figure Here, the green arrow drags the surface along its normal, the red
arrow pulls the surface along the player’s camera normal. Since the player camera is using
an orthogonal perspective; this action of pulling a surface along the camera normal results
in it being at the exact same place in the player’s view, but the position of the shadows it
projects (and all other 3D-related effects) are affected. A rectangle drawing tool (the left-most
tool) was also added as a result from the evaluated usability test where users struggled with
drawing the 32x32 cube.

In contrast to sprint 1, sprint 2 did not generate any new functional requirements. There was
no progress made on the vertex editing mode and its components. However, the doodad-
and-entity editing mode was completed to a satisfying degree. A full list of all the finished re-
quirements can be seen in Table[5.14} A screenshot showing the newly implemented doodad-
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Table 5.12: Problems discovered from the sprint 1 usability testing.

Test users  Problem description

1 The game is broken in some ways. As a result task 3 was modified.

1,2 Some buttons look disabled when they are not.

1,2,3,4,5 Some buttons don’t looked pressed when they are.

1 Would like to draw a rectangle by clicking and dragging a line.
1,2,3,4,5 Would like to have arrows to drag to resize an object.

1,2,3,4,5 Automatic tool change was not clear.

1 Pressing play should switch to viewing in game.

1,2,3,4,5 Not clear that polygons should only be drawn around the top of the hill.
1,2,3,4,5 No hints or guidance for keyboard /mouse actions.

2,4 There should be measurements when drawing with the tool.

4 The big grid button is not clear enough.

and-entity selection mode, doodad-and-entity editing window and doodad-and-entity sprite
editing window can be seen in Figure Here, one can create, add and edit the doodads
and entities in the list up to the left. When selecting a doodad or entity, a small summary of
it is displayed bellow the list in the form of name, description and developer notes. It is also
possible to import external images in the sprite editor by pressing the import button or just
by drag-and-dropping the image onto the sprite sheet view.

=1
1 CandideCreator - o x

File

=) > dm o

demo 913,32, 28 | |

Figure 5.7: Screenshot of the terrain editing mode with new tool buttons and draggable ar-
rows which manipulates the selected surface’s position.
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ID

Table 5.13: Backlog for sprint 2

Functional requirement

11

15

18

24

33

34

35

36

37

38

41

42

43

47

48

49

50

51

59

Save current map state to a map file
Exit program

Prompt unsaved changes

Switch to Terrain Editing

Switch to Doodad and Entity placing
Enable Vertex Editing

Undo

Delete extruded surface mesh

Draw polygonal subsurface on surface
Select vertex

Delete selected vertex

Move vertex (pixel perfect)

Insert vertex on edge

Select doodads/entities from a menu
Edit a doodad/entity (separate view)
Drag doodads/entities to a palette (hotbar)
Create new doodad

Save doodad to database

Load doodads from database
Remove doodad from database

Set doodad sprite

Use hotkeys for tools
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Figure 5.8: Screenshot of the doodad and entity placing mode together with their properties
and sprite editing windows.

5.3.1 Evaluation

The tasks given to the users are shown in Table Some of the problematic tasks from the
previous usability test were repeated in order to find out if there were still problems with
them after the problems found in the previous test had been fixed. The task completion rate
was 97.5%.

Test users 1 and 3 were professional programmers and web developers. Both had some ex-
perience with the map editor for the game Warcraft 3 but otherwise no experience with game
development or graphics tools. Test users 2, 4 and 5 were fourth and fifth year software engi-
neering students with some experience with game development and the Unity game engine
and editor. Test subject 2 had also worked some with the Godot game engine and editor, while
test subject 4 had more experience with the 3D model editor Blender and the 2D drawing edi-
tor Krita. Test subject 5 also had experience with several 2D image editors.

The results of the evaluation is presented in Table The problems that were discovered
from the sprint 2 usability test are listed in Table[5.17]
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Table 5.14: Finished requirements during sprint 2

ID Requirement Note

3  Exit program

5  Prompt unsaved changes

11 Switch to Terrain Editing

24  Undo

33 Delete extruded surface mesh

34 Draw polygonal subsurface on surface

41  Select doodads/entities from a menu

44  Filter doodad/entity menu by tags or Not originally in the sprint backlog, over-
group lapped a lot with requirement 41

46 Load selected (in-game) doodad/entity Not originally in the sprint backlog, was
to palette deemed as a dependency for require-

ment 41 since the palette was used to
place the entity in the game world

47  Create new doodad

48 Save doodad to database

49 Load doodads from database

50 Remove doodad from database

51 Set doodad sprite

59  Use hotkeys for tools
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Table 5.15: Tasks given to the users participating in the sprint 2 usability test evaluation.

Task description

Note

Load the map file demo.tmx.

Create a 32x32 exact 3D cube at a random
location.

Turn a currently flat hill into a 3D struc-
ture.

Create a new entity. It should be a bandit.
Place a few instances of the new bandit
entity on top of the 3D hill.

Delete the last few instances of the bandit
that you just placed.

Change the sprite of the bandit to the new
bandit sprite in the downloads folder.

Save your changes.

Repeat from the last usability test.

Repeat from the last usability test.

Repeat from the last usability test.

An entity is an interactable object in the
game scene.

Repeat from the last usability test.
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Table 5.16: Results from the sprint 2 usability testing.

Test user 1 Test user 2 Test user 3 Test user 4 Test user 5
Task 1 | Ok Ok Ok Ok Ok
Task 2 | Minor problem | Minor problem | Minor problem | Minor problem | Minor problem
Task 3 | Ok Ok Fail Minor problem | Ok
Task 4 | Ok Ok Ok Minor problem | Minor problem
Task 5 | Ok Ok Ok Ok Ok
Task 6 | Minor bug Ok Ok Ok Ok
Task 7 | Minor bug Ok Ok Ok Minor problem
Task 8 | Ok Ok Ok Ok Ok
5.4 Sprint3

Just like sprint 2’s backlog prioritized the usability problems identified in sprint 1’s evalua-
tion, sprint 3 prioritized sprint 2’s identified usability problems. The usability problems can
be seen in[5.17]and the product requirements for sprint 3 can be seen in Table[5.18] Some new
requirements were derived during development, they can be seen in Table

Sprint 3 was focused on tying together all of the existing tools, modes and features, working
on making the transitions and synergies between them more seamless. Furthermore, a sense
of completeness also was sought after for the SUS testing. The finished requirements can be
seen in Table

A screenshot with the terrain mode and its tools in a complete state can be seen in Figure
In this screenshot, one can see the vertex editing tool in action. Another additional tool which
was added to the left-side bar was the ability to move a constructed mesh individually from
the base plane. This was necessary to sculpture things like bridges and balconies. Notice also
that the right-side bar has now camera controls. The "eye’ toggles between first-person- and
orthogonal top-down view. The buttons to the right of it control if the camera should lock to
the player entity or be free. If the user moves the camera with the mouse within the editor
then the camera will automatically be unlocked.

3D modeling for the doodads and entities was also added in, inheriting its functionality from
the now complete terrain mode. A screenshot showcasing it can be seen in Figure This
3D editor uses the same tools which are available in the terrain mode like seen in Figure
This was done in a separate window to make it clear that it is only the doodad’s model which
is being altered by the tools.

5.4.1 Evaluation

After sprint 3 there was System Usability Scale evaluation to determine the final usability of
the editor. The test was performed with six game developers, all of them mainly developing
games with the Unity engine and editor. For the test, a new game world and scenario was
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5.5. Unfinished Requirements

Table 5.17: Problems discovered from the sprint 2 usability testing.

Test users Problem description

1,5 Tried to move the camera with the arrow keys.

1,5 The grids are not displayed in the game view.

1,5 The grids are not visible when far away in the first person view.

1 The doodad editing icon is not clear enough.

1 The button for making the camera follow the player is not clear enough.

1,5 It is not clear enough that the frame count should be set and a frame should
be selected in the sprite editing view.

1,3 Tried to drag and drop doodads from the side bar directly into the game.

2,3,4,5 Tried to drag and release to make a cube with the cube drawing tool.

2,4 Tried to pan the camera with middle mouse button.

2 The purpose of the doodad categories was not clear enough.

2 Not clear enough how much a mesh has been resized.

3 Tried to zoom the camera with the scroll wheel.

3 Tried to select multiple doodads at once by dragging a rectangle over them.

4 Tried to hold shift to lock the side length ratio of the cube.

4 Tried to drag a rectangle to select the frame in the sprite editing view.

4 Tried to deselect the selection by pressing an empty area of the UL

5 No feedback when the category selection results in nothing being displayed.

5 No feedback when not selecting a folder to import a file into.

designed as to make the tasks as similar as possible to a real use case of the editor. The tasks,
which can be seen in Table were designed to be open ended and resemble the intended
workflow of creating a game world. The task completion rate was 100%.

The answers to the SUS questionnaire can be seen in Table The average SUS score was
80.8 and the learnability score was 72.9 [20].

5.5 Unfinished Requirements

The requirements which never got finished before the deadline are listed in Table
These consisted of various priorities (P) and addressed different areas in the user action do-
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5.5. Unfinished Requirements

Table 5.18: Backlog for sprint 3

ID Requirement

2 Save current map state to a map file

15  Switch to Doodad and Entity placing

42 Edit a doodad/entity (separate view)

43  Drag doodads/entities to a palette (hotbar)

18  Enable Vertex Editing

35 Select vertex

36  Delete selected vertex

37 Move vertex (pixel perfect)

38 Insert vertex on edge

52 Draw 2D polygon from player’s camera’s perspective

Table 5.19: Newly derived requirements during sprint 3
ID Category Requirement Rationale
60  General Play sound when placing or re- This is needed in order to dis-
moving doodads close to the user that things are
getting added or removed even
if the user might not have a cam-
era view on the things being
added/removed.

61 General Mute in-game sound Deemed necessary because the
game can generate quite a lot of
sound which can be distracting
during development.

62 General Show camera view-field on min- Deemed necessary to indicate to

imap

the user of his spatiality within
the first-person view of the edi-
tor.
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5.5. Unfinished Requirements
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Figure 5.9: Screenshot of the vertex editing tool within the terrain mode.
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Figure 5.10: Screenshot of the manipulation of a doodad’s/entities’ 3D model.

main. The tile editing- and the volume editing aspects and their attached requirements were
skipped entirely. Some of them never had the chance to be considered for the sprint planning,
and the rest did not get any development because of a lack of time.
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5.5. Unfinished Requirements

Table 5.20: Finished requirements during sprint 3

ID Requirement Note
2 Save current map state to a map file
15  Switch to Doodad and Entity placing
18 Enable Vertex Editing
25 Switch between orthogonal and perspec- Not originally in the sprint backlog, easy
tive view to implement and was deemed necessary
for the usability
35 Select vertex
36  Delete selected vertex
37 Move vertex (pixel perfect)
40  Select multiple vertices Not originally in the sprint backlog, great
overlap with requirement 35 and 41
42 Edit a doodad/entity (separate view)
52 Draw 2D polygon from player’s cam-
era’s perspective
60 Play sound when placing or removing Not originally in the sprint backlog,
doodads deemed important for the usability
61 Mute in-game sound Not originally in the sprint backlog,
deemed important for the usability
62 Show camera view-field on minimap Not originally in the sprint backlog,

deemed important for the usability

Table 5.21: The tasks that were given to the test users for the final evaluation.

Task Description

Start by creating 3D terrain for all of the mountain cliffs on the map.

The player has entered the map from the plains in the south. Move the player entity
to the start of the road at the bottom edge of the map.

As the player moves through the mountain pass they suddenly get ambushed by
a group of slimes jumping down from the cliffs above. Create a new slime entity

base.

Place a copy of the slime entity on each of the red flowers growing on top of the

mountain pass.
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5.5. Unfinished Requirements

Table 5.22: The answers to the SUS questionnaire, with their respective SUS score.

Testuser | Q.1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q.10 | Score

1 1 5 1 5 1 4 2 5 2 87.5

2 2 4 4 4 2 4 1 3 3| 675

3 2 4 1 4 1 4 2 3 1 80

4 1 5 2 4 1 4 1 5 4| 825

5 2 4 1 4 1 5 1 4 2| 825

6 1 4 2 5 1 4 1 4 2 85
Table 5.23: Unfinished requirements

ID Area Requirement

13 General Switch to Tile Editing

14 General Perform Volume Editing

21  General Toggle sunlight on the map

22 General Edit ambient light on the map

23 General Edit rendering properties

26  General Perform automap

27  General Enable Polygon Drawing

28  General Show obscured volume

38  Vertices Insert vertex on edge

43  Placing Drag doodads/entities to a palette (hotbar)

45  General Switch between palettes

53  Volumes Set properties on volume (liquid, etc...)

54  Volumes Set triggers on volume

56 Terrain Raise entities and doodads together with the tile they are placed on if

it changes height
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Discussion

This chapter brings up discussion and thoughts about the results generated from the project
and the method that was used. It is also brought up how the sources of information were
found and evaluated. Finally, there is also some discussion about the work in a wider context.

6.1 Results

The results from the prestudy could arguably be considered verified and useful since an over-
all high usability product was achieved. We cannot make a concrete conclusion though since
we do not have a similar project that was developed without the prestudy. The replicability
of the method could be strengthen through the generated documentation. On the other hand,
it was very lean with a lot of aspects from the theory trimmed away so it might not be con-
sidered as strong. The results from the sprints were documented and deemed satisfying to
use when working on the next-in-line sprint’s generation of results.

6.1.1 Prestudy

The stakeholders identified have an overlap present. This is the case especially in the end
users, other game developers and product owner and developers. We, the developers of the tool,
are also game developers who would find benefit in use of the editor. This could potentially
lead to some partisan skew when prioritizing requirements and tasks.

As the results pointed out; we found that a lot of programs share some very common user
interface elements and decided that to help knowability[[16] it would be a good idea to include
these kinds of elements as well in the editor. While the exact contents of these elements can
vary a lot depending on the domain, there were some elements that appeared often and were
worth considering to include in the editor. The mock-up prototype we designed was based
on these findings from existing software.

There were only nine use cases developed during the prestudy. That might be seen as quite

few for such a wide spanning editor; but as J. Heumann [50] pointed out, it’s preferable to
have a few complete use cases rather than many trying to catch all the details. As explained
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6.1. Results

in the agile manifesto, it is to be expected that both the development team and the customer
will learn more about the problem domain as development proceeds [34]. The scenarios
generated from the use cases also were quite few, but the followed the same principle. As
was stated in the method; they were primarily meant to catch the "what if’s?" from the use
cases.

There were a lot of functional requirements generated (62 total after all the sprints). The
reason for that was primarily because they were used directly in the product backlog and
had to catch all the desired functionality of the tool. The generated nonfunctional require-
ments were both used to ensure the usability and the operational environment, but also to
make development and testing of the editor easier to perform. Hence why performance was
prioritized.

6.1.2 Sprint1l

By the end of the first sprint, the editor was fairly simple. Only the most basic functionality
was complete because of the unexpectedly large amount of work required to make the game
run inside a WPF application. The application had a few buttons to control the game, together
with the ability to control the camera. The terrain editing mode had the 3d rendering working
and the basic functionality of the polygon drawing tool was implemented, allowing the user
to create a mesh by placing out the corner points of a polygon. However, when the polygon
was created the only way to change the size was by using the scroll wheel which was not
clearly shown. Despite the simplicity it was still was enough to be able to learn a lot about
the basic structure of the interface and the polygon drawing tool from the user tests.

The usability test showed that the basic structure of the editor was promising but that it
needed some reworking. There were some major usability problems with terrain creation
and resizing (task 6 and task 7). These problems can be attributed to the fact that the terrain
drawing tool had just been functionally finished in time for the test. There were some inter-
esting finds regarding the way the test users wanted to control the camera while in the 3D
mode, which varied greatly from user to user. However after explaining that it used typical
first person game controls it worked fine. While performing the first test an error in the soft-
ware was discovered during Task 3 which caused the software to crash. Task 3 was therefore
replaced with a simpler task that would still test the same functionality.

Not all of the requirements in the backlog were finished, and were instead carried over to the
next sprint. The newly derived requirements came from usability improvements we could
identify directly during the development. One such improvement was the minimap that was
added to the right sidebar, giving users an easy way to navigate the game world. This is in
line with the methodology used. Functional requirements which were not originally in the
sprint backlog but got implemented anyway was purely out of spotted overlap and ease to
implement. These were seen as improving the editor to very little cost in development time.

After the sprint 1 testing the tile editing and volume editing modes were reevaluated and
it was decided to lower their priority and instead focus on the terrain and doodad editing
modes. This was because we deemed them more valuable since they make up the core func-
tionality that we wanted to investigate in this thesis.

6.1.3 Sprint 2

After the second sprint the most important areas of the editor were in a mostly complete state.
Thanks to the sprint 1 testing, a lot of defects had been found and addressed in some way.
This lead to terrain editing being largely improved as can be seen by the significant decrease
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6.1. Results

in the severity and amount of found usability problems. This can likely be attributed to
the prioritization of solving usability problems. Furthermore, the doodad editing mode had
been largely implemented which allowed users to move, place, copy and delete doodads and
entities in the game world. A system for creating a new doodad had also been created. The
appearance of buttons had been improved to make it clearer that they were buttons and when
they were being pressed. In contrast to sprint 1, sprint 2 did not generate any new functional
requirements.

There were some interesting solutions to the defects from the sprint 1 testing. Firstly, one of
the test users tried to drag out a rectangle to create terrain, so we added a rectangle draw-
ing tool. Secondly, a feature expected by all the test users was having arrows that could be
dragged to resize the terrain. Finally, to solve the problem of not knowing what to do with
tools we added a hint text in the bottom bar. One of the problems found in the test after
sprint 1 was that the automatic tool change to the resize tool after finishing drawing a poly-
gon. While we did not address this problem directly it seemed to be resolved anyway just by
the addition of draggable arrows in the resize tool. Likely the visual impact the arrows made,
together with the improved button appearance was enough to make it clear.

The tests confirmed that our solutions for the usability defects had been effective. Especially
surprising was how well the hints in the bottom bar worked. The repeated tests for the
terrain editing mode showed that the usability defects had been fixed and there were now
only minor problems. An interesting problem was when test subjects were attempting to
draw the cube, in which they tried to drag the cube diagonal rather than clicking on a start
and an end point to form the cube. In fact a lot of the found defects from the sprint 2 testing
were related to the testers wanting to drag things. We think this was the case mainly because
many image editing softwares use drag gestures for many of their tools. Our impression was
that the gesture was too imprecise. Another problem that showed up a few times once again,
was the camera movement in the 3D view.

6.1.4 Sprint3

When sprint 3 concluded, the newest addition was the vertex editing functionality built into
the terrain editing mode. The doodad editing mode had been improved a lot thanks to fixing
the problems found in the sprint 2 test. Support for editing in both first-person and orthogo-
nal top-down in-game view was added to all the editing modes, together with a button under
the minimap to switch between them. There were right click options added to doodads to
provide easier access to common features. The field-of-view of the camera is now shown on
the minimap to make it easier for the user to figure out where they are.

The ability to mute in-game sound was added. This could potentially be further expanded
into allowing full audio bus controls for further usability. The requirement for playing sound
when removing and adding doodads/entities got discovered once we accidentally removed
a doodad off-screen by undoing a placement action. We went back to do some further editing
on it and noticed it was gone. We were baffled for a moment until we tried redoing and
noticed it popped back. Hence sound for accidentally undoing and redoing placement actions
was deemed necessary to remove these moments of confusion.

When addressing usability problems related to not being able to use different input methods,
such as dragging, we aimed to allow the use of as many input methods as possible. To allow
for both dragging and clicking it is assumed that the user is trying to drag if the mouse is
moved far enough while the mouse button is held down for a long enough time period. In
order to make dragging out a rectangle more effective we changed the resize arrows to ap-
pear for every surface of the selected mesh, instead of just one at a time. While looking quite
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complicated it appeared to be very helpful during the testing. An unexpected improvement
came from one of the test users trying to select a frame from a spritesheet by dragging a rect-
angle around the frame they wanted. This was not something that we had even considered
could be possible to do, but we tried implementing it and we found that it worked very well
for quickly selecting the right frame and frame size, it was also positively received by testers
during the testing.

6.1.5 Evaluation

According to Determining What Individual SUS Scores Mean: Adding an Adjective Rating Scale
the SUS score for the editor can be described as good, and better than the average score of
70 [70]]. Because of the Covid-19 crisis [8] the amount of test users was low, however J. Sauro
suggests that with only 5 test users there is a 50% chance for the score to be within 6 points
of the correct value [71]. This suggests that with more test users the rating would most likely
still be considered good or excellent, and remain in what is considered acceptable by most
users.

The learnability score is not as well researched as the overall SUS score and it is harder to
make a conclusion about it. J. Sauro suggests that on average the learnability score is usually
around 10% higher than the SUS score [71][20]. That suggests that the learnability of our
system is around the average, but much lower than average for a system with a similar SUS
score. We think that this is likely because of users also having to learn about the problems
the tool is supposed to solve. It might also be attributed to the fact of the low amount of test
users during the development process. Since we tried to emulate experienced test users and
it has been found that experienced users will typically produce a higher SUS score [22], this
might have had an impact on the SUS and learnability scores.

The task completion rate in the final evaluation was 100% which suggests a high effectiveness
according to [23] and the fact that the SUS score was also high [24]. While there was an expert
present during the final evaluation, we do not think it had any impact on the task completion
rate since the expert was only allowed to answer questions about how to use the tool, but not
to help the testers complete the tasks.

We also performed the test with two software developers that are not representative end
users. With them included into the results the SUS score is reduced by 3 points, but the
learnability score is increased by 2 points. Because of the small sample size we don’t think
any conclusion can be made.

6.2 Method

Working in iterations proved satisfying when prioritizing usability issues. By the end of
each sprint, the evaluation proved helpful in validating the solutions for earlier problems.
However, having different users at the end of each evaluation can somewhat jeopardize the
reliability of these assumptions.

6.2.1 Software Development Methodology

We mostly followed the rules of scrum and extreme programming. But we did not do daily
Scrum or stand-up meetings since we are only two persons working next to each other we
found no need for a daily meeting as we could just continuously communicate face-to-face.
We also did not use any form of unit tests or automatic testing because of the difficulties
with writing unit tests for user interfaces we chose not too, instead opting with manual tests
of functionality. Manual testing also resulted in insight about the usability of the interfaces,
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leading to improvements in the design in a way that would not have been found with unit
testing. However there were occasions were the implementation of new functionality broke
existing functionality without being discovered by the manual testing. Unit testing could
have helped prevent that from occurring.

Since the methodology is well described we believe that there should be no problem in repli-
cating it. However we think that the result of following the same methodology could likely
end up with a very different result because the domain can vary so much and with a different
domain comes very different problems. We therefore would not consider the method very
reliable, at least not when applied to a different domain.

6.2.2 User Testing Process

We chose to test since it was highly recommended by usability research and literature, and
since we wanted to focus on learnability we chose to use a method that is supposed to better
find learnability problems. The user tests were great for finding usability problems, but also
for finding ideas for new features or better ways to do some things. A great example is the
system for selecting the sprite from a spritesheet, which was greatly improved based on the
feedback from one of the test users.

We would have liked to test with more test users but because of the Covid-19 crisis [8] it was
quite difficult to even find enough people to reach the minimal amount recommended [27].
It would also have been somewhat interesting to perform even more testing to measure more
types of data, such as how much better the test user got at completing tasks after having used
the editor more. However we tried to keep the tests as short as possible since the testers were
all volunteers and it was already quite challenging to find testers.

While remote testing using screen sharing software was an option, it would not have resulted
in as high quality data. To find the most usability problems possible we needed to be able to
see where the tester was looking and what keys they were pressing. Without that information
it would be much harder to catch usability problems related to learnability.

6.2.3 System Usability Scale

It has been found that users respond similarly on the SUS questionnaire, even with low sam-
ple sizes and it can therefore be considered reliable [72]. It has also been found that the SUS
score does indeed correspond to the usability of the system, and can therefore be considered
valid [72][73]. However SUS should not be considered to be diagnostic, and does not strongly
provide information about what is good and bad with the system. Therefore it is generally
accepted that the SUS score should only be used for comparison and not a quantitative mea-
surement.

The questions we used in the SUS questionnaire were slightly modified from the original
questions. We replaced the word system with editor, and the word cumbersome with awkward.
According to [20] this should make the questions easier to understand, especially for non
native English speakers. Even though it has been shown to be problematic that the SUS
questions switch between a positive and negative tone we decided not to modify this, in
order to ensure that the SUS score would be comparable to the SUS score of other systems,
since it is most commonly used with little to no modifications.
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6.3. Source Criticism

6.2.4 Stakeholder Analysis

As stated in the methodology (Section and the results (Section 5.1.1), the stakeholder
analysis was quite rough and many groups overlapped. The method used, S. De Mascia’s
power and interest matrix [49], proved to be useful to communicate stakeholders as well
as external actors” impact within the development team. However, even though the groups
revealed were easy to pinpoint and verify, it did not reveal any new stakeholders which we
were not already aware of. The analysis has a high replicability because of the roughness,
though we would not rely too heavily on it since it provided us with limited gain.

6.2.5 Requirements Elicitation

The requirements elicitation worked satisfyingly well with the created use cases and scenar-
ios. Had we not created and documented these, it would have most likely been harder to
motivate and rationalize items during the trawling for requirements. Because the use cases
and scenarios were documented, we would argue the method has a high replicability if one
would use these in their own trawling for requirements. However, they were slightly off in
reliability since there were seven newly derived requirements produced during the develop-
ment. The validity of the method is satisfactory since most of the requirements got completed
before the deadline (with all high priority requirements being finished).

We chose not to fully utilize all the heavy documentation in the use cases proposed by Vi-
sual Paradigm [51]. We cut away priority, status, alternative paths, business rules and actors.
Priority was cut away because we deemed it better to have them set on functional require-
ments such that architectural aspects in the software could be established before completing
a full use case. Status was cut away because we followed J. Huemann’s advice to have a few
fully complete ones rather than many which might end up being unfinished as the product
development started. We needed all the requirements directly in the beginning for proper
planning for the deadline. Then alternative paths were removed because we felt that the
scenarios-model proposed by S. and J. Robertson were much more straight forward handling
these. They were also easier to follow and easier to communicate within the team. The busi-
ness rules were removed because they did no longer affect the use case path with alternative
paths removed. Lastly, the actors were cut away as it was deemed unnecessary to explicitly
state them since the only actors involved were the user of the tool and the tool itself.

Had we redone this project, we would have probably added dependencies on requirements
and analyzed more overlaps. This is the case mainly because there were exceptions in the
sprint planning related to what requirements were being developed. It had lead us to having
put time into requirements which suddenly had been identified as a dependency. However,
the overlapping requirements were mainly finished because of the relatively small amount of
resources that had to be dedicated to get them finished. We believe it evened out in the end,
but some annoying overhead during development could have been avoided had we done
these measures before-hand.

6.3 Source Criticism

Most sources have been found by searching on Google and Google Scholar and are a mix of
articles, books and blogs. Whenever possible we have preferred to use peer-reviewed arti-
cles from well regarded journals like ACM and UXPA. However, sometimes we used online
blog posts as no suitable publicly available article could be found, however in these cases
we elected to only use blog posts written by persons that can be considered experts in their
fields, with several published articles. Since most related studies have been done in other do-
mains, in order to avoid misinterpreting their results we always made sure to cross examine
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with other related articles. This provides a more complete view of the research and is very
important in a qualitative study to improve the reliability and validity [74]. A lot of theory
connected to the requirements elicitation process was retrieved from the book Mastering the
requirements process by S. and ]. Robertson [47]. This was mainly done as it was deemed the
most complete specification and most applicable. Every part which was added to the theory
was also looked up and compared to online, and alternative methods were also added next
to the theory to show that other sources have been considered. There was also material being
added upon their material which made it into the theory. We have made sure to look at newer
research in comparison to old, which is important because the software development field is
constantly evolving.

6.4 The Work in a Wider Context

Creating game development tools which helps new developers get to a productive level as
well as giving professional developers the means to expand can have societal impact. For
example, the quality and quantity of virtual experiences can lead to increased interest in
culture and arts. Usability and learnability can therefore be more than just a means of user
satisfaction. Another aspect is also how respectful user testing is conducted. During the user
testing we explained thoroughly to the user that they themselves were not being tested, but
rather that they were there so the flaws of the developed tool could be exposed and fixed.
We made sure to not store any personal information about the users to ensure that they will
remain completely anonymous. The test users were all volunteers and were free to leave at
any point.
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Conclusion

This thesis aimed to provide insight into the video game development tools domain and how
the tools can be designed to be highly usable for video game developers. This was done by
investigating the answers to the following research questions:

1. How can integrated game development tools for game world creation be designed to
be usable in terms of effectiveness and learnability?

2. How can integrated game development tools for creating game objects be designed to
be usable in terms of effectiveness and learnability?

To answer the questions, integrated video game development tools for game world and game
object creation can be designed to be usable in terms of effectiveness and learnability by using
an agile development process that includes frequent qualitative user testing with representa-
tive end users. Moreover, solving the discovered usability problems must be prioritized over
developing new functionality at the beginning of each new sprint.

The high SUS score suggests that the development process that was followed both led to a
higher then average usability and an overall high effectiveness. This is further supported by
the fact that no task was failed in the final evaluation since task completion rate correlates
with effectiveness. The learnability was measured to around average which is considerably
lower than usual for a system with an above average SUS score. This suggests that the devel-
opment methodology is not as useful when designing for high learnability, however we do
not think that it should be considered harmful for learnability. It can be argued that the learn-
ability was improved by the investigation of common interface features of existing software
tools currently used by video game developers. This likely helped familiarize the design of
the tool for the end users, leading to a better learnability of the product than if we had not
done the investigation.

The use of the agile principles in the software development methodology likely led to a high
effectiveness in the editor. By acknowledging the fact that the team learns more about the
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problem domain as development proceeds, the design of the tool could be improved as de-
velopment proceeded. This allowed the team to adapt when better ways to implement the
required functionality was discovered. The iterative testing process has with a high likeli-
hood improved usability both in terms of effectiveness and learnability, especially for the
learnability as it gave opportunity to see how new users learned to use the tool. However,
as mentioned earlier, this was still not enough to increase the learnability above the average.
Choosing to prioritize usability issues at the start of each sprint likely resulted in less func-
tionality being developed, but the functionality that was developed was more effective and
easier to use.

7.1 Future Work

It would be interesting to compare the usability aspects of these types of integrated tools
with the popular third-party tools for the same domains. This could lead to better insight for
smaller independent developers when they are making choices related to their technology
and environment. Bigger studios might not find this information as valuable. At the moment
of writing this thesis, big studios usually already have their own integrated tools or they
are dependent on contracting many workers skilled at working with well known third-party
tools. However, as an independent developer it can be good to know if resources should be
put into circumventing the limits and issues with third-party tools, or put into developing
their own integrated tools.

Another interesting question for the future is whether the user testing process that was used
in this thesis could be improved to increase the learnability of the system. We also would find
it interesting to study how to design integrated game development tools for other usability
domains such as efficiency, and see how prioritizing these aspects would affect the overall
usability of the tool.
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