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Game studios usually struggle to feed their idea-to-product pipeline with their
limited resources. Money, human resources, and time are critical resources that
are limited for studios, especially for startups. Prototyping an idea is suitable for
checking if an idea should be further expanded or killed immediately. Thus, the
more ideas are prototyped, the more the chance of hitting a high potential game.
After studying different parts of several web-based game editors and comparing
them together, this Thesis introduces ways to improve them to accelerate the
prototyping phase. In other words, with the upgrades applied, as the results of this
work, developers gain momentum over undertaking the same development tasks
in less time, leading to prototyping more HTML game ideas while preserving the
quality. Furthermore, this work suggests ways to optimize web-based game editors
for the online gambling games domain and ideas for future works.
A new barebone web-based game editor was implemented to showcase the improved
user interface based on the litegui library and a handy set of in-scene gizmo tools on
top of PIXI Graphics API. It is accompanied by a novel object data management
system, enabling developers to store reusable components of a scene as a separate
module in whole or partially.
User usability tests were conducted to evaluate proposed solutions compared with
existing solutions. According to the results, developers, on average, could execute
the same game editor-related tasks in 43.74% less time.
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1 Introduction

With the recent advances in web technologies, most companies have either migrated
fully or partially on the web and cloud environments. Starting from the initial release
of HTML5 in October 2014, the web has grown even faster in popularity and diversity,
as it would give developers the possibility to integrate complex visualized content
through a window introduced by HTML; canvas. Canvas element, along with WebGL
Rendering API form a toolkit for game developers to bring unique experiences on
the web. Thus, a new video game genre came into view; HTML Games.

The accessibility of the web would make it a perfect ground for the gambling
industry to have their games played by as many customers as possible at a low
cost. Hence, a new business model emerged; Online Gambling. Today there are
thousands of online casinos hosting gambling games around the web. Online casinos
are continuously competing with each other on winning more customers resulting in
more revenue. This being said, one of the best ways of attracting more customers or
keeping existing ones is by feeding them with new content regularly, which in this
case, is developing gambling games with new look and design.

However, developing a new game requires its own pipeline. It usually starts with
the prototyping phase, in which the company decides on the quality of the game being
developed. They may decide to continue to the actual product or kill it. Prototyping
usually lasts from a couple of weeks up to months, depending on the scope of the
project. At this point, new assets and designs are handed to programmers so they
can start implementing the product, whose prototype has already been tested and
verified. This Thesis covers software development phases in Chapter 3.

1.1 Target HTML Game Genre
This work aims to design and optimize the tool specifically for Gambling games.
The support for other HTML game genres, however, can be incorporated in future
updates. Gambling games are usually limited to a few types, with similar components
and logic per each. Some of the most popular gambling games types are listed below:

• Slots

• Video Poker

• Roulette

• Black Jack

• Scratch Cards
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For entertainment purposes, players usually prefer to spend their time and money
on Slots as player’s skills merely affect the result despite other types like Video
Pokers, in which skills play a critical role. On the other hand, players are consistently
jumping from one slot to another in search of finding the one with a better reward.
As a result, online gambling companies are working to serve their customers with a
wide range of slots to keep them entertained, leading to a steady source of income.
Here at Paf, our goal is to deliver eight new slots each year.

1.2 First Problem: Redundancy in implementing Repetitive
Features

As said above, all types of gambling games inherit a variety of common components.
For example, vertical slot machines consist of a square box with three or more columns
as reels, and some sprites inside them as symbols. They also come with the reels
spinning animation, auto spin feature, and a system to detect winning lines. UI is
also consists of a few buttons to perform some pre-defined actions. Figure 1 shows
an example of this.

(a) Double Joker Poker by Paf (b) Mega Fortune by Netent

Figure 1: Common Components in Slots Running on Web

The problem lies where developers have to implement each of these common
features from scratch when working on a new prototype while they could have saved
some time by reusing the existing ones. Saving the time would have let them add more
unique features or even trying more ideas. I will extract these common components
and integrate them into our editor in a reusable format.

1.3 Second Problem: Over-dependency on Programmers
It is so popular among HTML content creators to use a JavaScript library as a middle
rendering layer to talk with low-level WebGL APIs; thus, some JS libraries have
emerged to ease the development. Pixi.js[17] and Three.js [16] are two examples
rendering 2D and 3D, respectively. The problem with those libraries is that they
are scripting-base and challenging for non-programmers to get the job done. In fact,
it makes the whole development team rely on programmers to perform even the
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simplest tasks, which would end up as a speed bump along the way. Followed by this,
the second problem lies where coders have to take the barrier of the implementation
phase by themselves completely, even though artists and designers would have been
able to participate as equally if they had a visual editor talking in their language.
In this research, I will design the editor in a way that makes it easy for all people
contributing to development regardless of their role and technical level.

1.4 Quick Introduction on Prototyping
I introduced two problems above that can make prototyping longer. It is essential to
know what would happen if we had a long prototyping phase or what would happen
if we did not even have a prototyping phase. We will start by quoting from Dower in
GDC 2016:

“Once you get that feeling about the ’other game,’ or about the game you ’should’ be
making, in your mind, you’ve probably already killed your game.”

Dower, GDC 2016

Supercell, a leading game studio in mobile games, has mentioned that they had
a lot of game ideas killed at the prototyping phase or their soft launch.[1] Giving
up on a game at its initial steps might seem like wasting of money and time, but it
has more positive long-term effects. The more a company tries game ideas through
prototyping, the more likely its final result hits the market. Consequently, the longer
the prototypes, the fewer successes or failures, because it is only after prototyping
that we know if we have come up with a selling idea or not. Gambling games life
cycle is no exception from this trial and error step. Thus, having a tool to speed
up the prototyping phase while keeping its efficiency is crucial. Without having
such tool, it might not be worth spending the resources on the product development.
In this Thesis, I will develop my solution which accelerates the iterative process of
making a game prototype which serves as the key point of finding the best ideas at
the lowest cost possible.

1.5 Research Questions
After spotting the problems and how they affect the prototyping phase, research
questions can be formulated as follows:

• RQ: How to prototype more game ideas within specified time while keeping
the high quality?
Every company has to run its product development pipeline with the limited
resources it has at its disposal. Budget, human resources, time are examples
of such resources. It is not always feasible to hire more people to increase
productivity as it may not play well with the company’s financial situation.
Thus, existing resources should be managed and used in a way that produces
the most optimal results. For example, one way of enhancing the productivity
of employees is to sharpen their tools. Upgraded tools will help them work
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more efficiently, meaning that they will achieve the same goals faster without
sacrificing quality. This Thesis focuses on enhancing one of the essential tools
of every game studio developing HTML games, web-based game editors.

How to improve existing web-based game editors by...
Q1: Enhancing their user interface to offer a better user experience while

developing a game?
Q2: Enhancing in-scene gizmo tools to offer a smoother game object

modification flow?
Q3: Transforming their object data management system into a tree-

structured format to enable developers to store a compound game object
into a reusable component for later use?

User experience and cost-efficiency are the critical points of this Thesis. It would
be unpleasant for art designers to switch between their asset conditioning editors and
a game editor when the latter lacks in user experience; so would it for a company
when it comes to licensing an existing game editor for a high price. The practical
part is focused on implementing a web-based visual game editor with the capability
of reusing common game components. The business value of the Thesis will be
investigated in detail in Chapter 3.

1.6 Structure of This Work
The Thesis is structured as follows: Chapter 2 provides more information and
background knowledge about WebGL and Canvas. Additionally, I explain the
essential components of a game editor/engine in detail, supported by literature
reviews. In Chapter 3, I analyze the existing solutions available in the market.
The section encompasses the advantages and disadvantages of using each one in
the context of gambling games. Chapter 5 is the design and implementation of
the editor, including encountered problems and corresponding workarounds. The
proposed solution is evaluated using software user study methods in Chapter 4, and
finally, Chapter 6 addresses the conclusion of the Thesis and talks about future
improvements to the editor.
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2 Context

This chapter introduces all the technologies and theories used in this work in a
nutshell. It consists of three sections: Applications, Graphics, and Editors. In the
first section, I outline why I decided to develop the editor and our games on the web
environment rather than native. I strengthen it by providing comparative analysis.
Web application and its architecture is also discussed here. The second section talks
surrounding the graphics and rendering process on HTML. WebGL technology and
the Canvas element is studied in this section. And finally, the last section describes
the fundamental of designing a game editor.

2.1 Web (HTML) Applications
The area of application development has grown significantly after recent advances.
Recent trends in software development have shifted toward developing more web-
based applications, which is typically built using HTML5 in conjunction with CSS3
and JavaScript. Web-based applications encompass all the apps that use HTTP for
its communication and runs on the web environment. Examples of such applications
include canvas games, online booking systems, and online shops, as well as more
advanced use cases such as cloud administration portals and online document editors.
Although web apps use different technologies at their core, they can be designed to
have similar functionalities and features as their native counterparts while keeping
their own identity. If two devices have similar browsers, then a web app is expected
to run similarly on both of them.
Before diving into a web application development project, it is vital to choose the
type of web application architecture as well as the model of web app components.
Making the right picks are essential for the success of a web app.

2.1.1 Web Application Architecture

The web application architecture includes all the actions taken from the moment
a user types a URL in a browser’s address bar up to when he closes the page. All
client-server interactions are part of this domain. It also defines an app in terms
of efficiency, reliability, security, and robustness. Thus, it is essential to have an
architecture model in mind before developing the actual app. After requesting a
page, all the necessary files are sent back to the client from the server. These files
usually contain some client-server communication agreement regarding user actions.

2.1.2 Web Application Front-end Types

As mentioned above, web application architecture is a pattern of client and server
interacting with each other. This pattern may vary depending on business logic and
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Network

Request for Web page

Web page HTML file Web page HTML file

Request for Web page

Figure 2: Basic Client-Server Web Architecture

need. For the rest of this section, I focus on front-end types. Following comes with
web front-end primary types in industry:

• Single-Page Application (SPA): Single-Page web applications do not need
to load the whole page again in order to update the data on the current
one. They will significantly improve the user experience, especially when
the user is working on a document, as it gives the feeling of losing data
and control when the page is refreshing. Etter (2013)[5] has mentioned two
benefits of SPAs; less network bandwidth and faster navigation. SPA can fetch
new content from the server through AJAX (Asynchronous JavaScript and
XML)[3] requests or WebSockets. Recently, Ajax has been widely used in order
to improve the interactivity and responsiveness of web applications. Some
Ajax frameworks have eased the complexity of client-server communications
by employing innovative architectural styles.Echo3, GWT, and Backbase are
examples of such frameworks. Mesbah and Deursen have analyzed different
architectural style for Ajax in [12]. As I am working on an editor web application
in this Thesis, the SPA is a smart choice for the work.

Initial Request

Form Post

Figure 3: Single-Page Application Life Cycle

• Multi-Page Application (Server-Side Rendering): In this type, which
is seen in the most traditional web applications, the entire page is reloaded
and displayed when a user interacts with the page, for example, posting a form.
With data requested or submitted, the whole page is downloaded from the
server and delivered to the user. This process takes time to generate HTML
markups on the server, sending it to the client and displaying it in the browser.
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Client’s browser refresh is the key point of SSRs, which, in some cases, may
affect the user experience negatively. There has been some optimizations with
the help of AJAX, making it possible to render the page sections partially,
which decreases the needed bandwidth and process.

Initial Request

Form Post

Page Reload

Figure 4: Multi-Page Application Life Cycle

Many multi-page web applications have already considered migrating to single-page
type as a positive step toward more user satisfaction. In [4], they use reverse
engineering techniques to identify candidate user interface components for the target
AJAX application.

2.1.3 Web Apps vs. Native Apps

In a comparative experiment conducted by [2], they pinpoint some of the beneficial
features of web applications compared to native ones in terms of user acceptance.
Web apps have come a long way to mimic the general "look-and-feel" of native apps
accurately, thanks to their new added features, including support for splash screens,
full-screen mode, custom launch icons, and geolocation. A critical advantage of the
web application is that there is no need to limit the publication of apps in restrictive
app stores. Affected by this, if there is a bug rectified by an update on a web applica-
tion, it can go online overnight. From technical perspective, the web core technology
is known for most developers in the industry, so a cross-platform web application can
be developed without having to learn new programming languages. There are also
many web development plugins and Integrated Development Environments (IDE) in
the market, making the life of a developer much more convenient. Developing an
application using familiar web frameworks and libraries cuts the time and the skills
needed for building platform-native applications. Nonetheless, it does not mean that
web application is the best choice in all situations. There are certainly some cases,
in which web applications fail to reach the required goals. Below comes some of the
limitations of web applications:

• Hardware Access and Usage: In a research conducted by William Jobe [6],
he analyzes the performance of web applications in terms of hardware access
and usage. The result confirms that web apps could not perform as well as
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native apps due to some limitations applied regarding hardware access. On
the other hand, unhindered access to device hardware is a key characteristic of
native applications. However, device integration has been enhanced in recent
versions of HTML5 API by providing access to the most commonly used device
hardware.

• Browser Support: Behaviour of web apps technologies cannot be guaranteed
to be consistent across all mobile browsers. Different browsers come with
different support for web technologies, which makes it vital for web developers
to make sure their product operates on all modern browsers properly.

• Internet Reliance: Most of web applications need a consistent internet
connection to operate properly. Although recent advances in web technology
have made it possible to cache by using client-side storage mechanisms like
cache manifest file, one needs to download the page at least once if it was not
cached before.

• Security and Quality: While app stores apply restrictive user policy and
privacy regulations to the applications being published, one can easily develop
an unsecured web app and deploy it on a server and distribute it. Same goes
with quality. Web app is in developer’s discretion and there are no quality
guidelines forced to it.

Figure 5: Facebook Native App (Left) and Web App (Right)

2.1.4 Conclusion

According to our assumptions of the work and theoretical comparison presented, a
web application is a better fit compared to a native one for the following reasons:
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1. Platform Independency: In a team of more than ten developers, anyone
may prefer to use a different operating system and machine, respectively. On
the other hand, anyone should be able to use our editor to contribute to the
product demo in the prototyping phase. Therefore, the web would make a
better host environment for this editor as we do not need to develop the tool
separately for different operating systems.

2. Unified Technical Stack: Web as the target platform of this work would
enable the technical team to use the same frameworks, libraries, and program-
ming languages they would typically use in its game products. For instance,
in the editor, the same graphics API can be used as in a game. It would
effectively prevent those situations in which the visuals are rendered differently
in the editor and the exported game due to different renderers being applied.
More importantly, the scripting language of the editor will be the same as the
exported games.

3. More Engineering Power: Here at Paf Game Studio, we produce web-based
gambling games. Our tools and resources are effectively designed for the web
environment. Our engineers are experienced in developing web applications
and games. Hence, the web environment is usually the first choice when it
comes to developing a new tool or product in the company because of more
engineering power and knowledge. As a result, more developers can jump in
and tackle maintenance tasks if any arise.

2.2 Web Graphics
2.2.1 History

There was a time when web graphics standards were enabling developers to use static
content on their pages, and embedded images were only graphical elements found on
web applications. These standards started to evolve by employing more features that
developers could access via JavaScript. However, the demand for a programmable
graphics API that could render images on the fly was still reaching its peak. As a re-
sult, the canvas element and its associated 2D rendering API were first integrated into
Apple WebKit and soon to other browser engines. It turned into a standard soon after.

Over time, developers were continually unfolding more graphical aspects to their
web applications. This stream continued up to the level where they ran into the
limitations of the platform. One example is gaming, in which visual assets form the
structure and foundation. In order to retain the performance and quality needed
for the games, a new API that could leverage computing power of GPU (Graphics
Processing Unit) was demanded. That led to Mozilla and Opera showcasing some
initial experiments that exposed a 3D rendering context from the canvas element.
They were so compelling that the community decided to gather to standardize
something that every browser could implement. As the result, all the engines
collaborated to create WebGL.
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2.2.2 WebGL

“The WebGL working group and community are hopeful that exposing the power of
the 3D graphics processor to the Web in a safe and robust manner will yield a

long-anticipated wave of new and exciting 3D web applications that run on every
operating system and on every kind of computing device.”

Ken Russell, Chair, WebGL working Group, the Khronos Group

WebGL brings 3D rendering to the browser by providing a JavaScript interface
to graphics hardware on the target device. Based on OpenGL ES (OpenGL for
embedded systems), the same graphics running on portable devices, and serves as a
middle layer between the browser code and hardware code. WebGL API is low-level
and hard to grasp for typical developers when used in its raw format. However,
several open-source JavaScript toolkits can take the grunt work out of development.
Example of which are Pixi.js and Three.js.

Figure 6: WebGL real-time sculpt rendering with light exposure (the simulation is
done using WebGL Studio [22] - https://webglstudio.org/)

WebGL is provided using existing canvas element with a special context that
belongs to WebGL. So, there is no need to use extra HTML tags in the page. This
feature builds the foundation needed for integrating WebGL content into old HTML
content inside a page seamlessly. It is also accessible using exclusive JavaScript
interfaces. WebGL is cross-platform, meaning that it is capable of running on any
operating system, from phones and tablet to desktop computers.

WebGL Application Domain

WebGL has been widely used for other purposes than entertainment. Data visualiza-
tion, as an example, has been evolved into an interactive form hosted on the web,
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thanks to WebGL. In [13], they have discussed the performance and scalability of
the volume rendering by WebGL ray-casting in two different domains: Medical imag-
ing and radar meteorology. Alternatively, [14] demonstrates a work on geographic
visualization leveraging WebGL performance on the web by implementing a 3D city
roaming system. Their implementation encompasses several rendering techniques,
including occlusion culling and visibility culling, to deliver the best performance and
smooth interaction experience.

WebGL Technical Definition

WebGL is developed and maintained by the Khronos Group[15], the standards body
that also governs OpenGL, COLLADA, and other specifications. Below is the official
description of WebGL, from the Khronos website:

WebGL is a royalty-free, cross-platform API that brings OpenGL ES 2.0 to the
web as a 3D drawing context within HTML, exposed as low-level Document Object
Model interfaces. It uses the OpenGL shading language, GLSL ES, and can be cleanly
combined with other web content that is layered on top or underneath the 3D content.
It is ideally suited for dynamic 3D web applications in the JavaScript programming
language, and will be fully integrated in leading web browsers.

WebGL Coordinate System

3D graphics and drawings take place in their coordinate system. It is similar to
DOM elements filling up the 2D window coordinate in an HTML document. The
only significant difference between the window coordinate system and WebGL’s is
that the latter comes with an additional axis (z) specifying the depth. It means how
far into or out of the screen an object is rendered.

WebGL Rendering Elements [9]

Before developing any WebGL-based application, it is vital to know how WebGL
creates graphical shapes and render them into our screens. The pipeline consists of
different steps, which will be introduced further in this section. The scene below
appears to the eye as composed of many complex objects; however, if we go deep
enough, we may see that these complex objects are usually divided into simple
geometry primitives. On top of these simple shapes, shading and post-processing
would make the object as we see it.

• Meshes, Polygons, and Vertices: There are different ways of representing
3D shapes; the most common one is to use a mesh. A mesh is formed of one
or more geometry primitives. From now on, I use polygon to refer to those
primitives constructing a mesh. Polygons are nothing but a set of dots that
hold information. For example, their position in space, and other optional
information including color, normal, etc. I call each one of those dots a vertex.
A polygon can be as simple as a set of three vertices, which makes it a triangle
or four vertices, which makes it a quad.
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Figure 7: Complex Graphical Objects and Their Geometry Representation

• Materials, Textures, and Lights: The position of surface vertices is not the
only attribute that matters. Some other attributes specify how the final surface
looks on the screen. Surface attributes can be as simple as a single color, or they
can be a bit more complex containing several pieces of information, for example,
light reflection and surface glossiness. Surface information can be represented
using one or more bitmaps, known as texture maps or just textures for simplicity.
Textures can define how a surface looks literally or can be applied with other
textures to deliver more sophisticated effects such as bumpiness or iridescence.
In most graphics systems, materials are referred to as surface attributes of a
mesh. Materials rely on the presence of one or more light sources, which defines
how the object is illuminated. Figure 6 shows an illuminated object rendered
in WebGL.

• Transforms and Matrices: The positions of the vertices in a 3D mesh specify
where the mesh is located. It will cause much overhead if we feed GPU with
a new position for each one of vertices on every frame call, especially if our
surface constantly moves like those with animations. Hence, WebGL uses
transform operations as a more straightforward solution to tackle this issue.
Transforms allow a rendered mesh to be scaled, rotated, and scaled without
changing any values in its vertices. A transform is basically represented as a
matrix. It encapsulates translation, rotation, and scale.

• Cameras, Viewports, and Projections: Camera is a name for an object
that defines from which position and orientation a user is viewing a rendered
scene. It also has some other properties such as Field of View (FOV), which
tells to what extent a user can see the world. The camera’s properties work
together to deliver the final rendered image of a 3D environment into a 2D
viewport defined by the canvas element. Figure 8 depicts core concepts of the
camera, viewport, and projections. Cylinders are a representation of the objects
we have in the scene. We have limited the scene area using two boundary
planes: near clipping planes, and far clipping planes. These two planes specify
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Figure 8: Camera, FOV, and Clipping Planes

a subset of 3D space, known as the view volume or view frustum. The camera
only shoots those objects placing within the view frustum. The near clipping
plane is equivalent to the canvas viewport, where we will see the final rendered
image.

• Shaders One of the most visually critical rendering elements is shaders, as
they directly impact the final look-and-feel of the object. In order to render
the final image of a mesh on a screen, a developer must define precisely how
vertices, materials, lights, and transforms of an object should combine with the
camera shooting them to produce the final image. That is when shader kick
in. A shader is a piece of program code that specifies how a mesh should map
to the pixels of a screen. The code is typically high-level C-like language and
compiled into code usable by the GPU. The earlier technical description of
WebGL given by Khronos points out that it uses OpenGL shading language.

Unlike many graphics systems, where shaders are an optional part, shaders
are required for WebGL rendering pipeline. It is always needed to define a
shader for graphics inside a scene, otherwise they will not show up on the
screen. Fortunately, it is not always needed to code the shader from scratch.
Many WebGL libraries come with prebuilt shaders that will be taken into use
for the purpose of this Thesis.

WebGL Rendering Pipeline

In this part, all the steps WebGL takes to convert a barebone mesh to a fancy
textured post-processed scene on the screen will be reviewed. This series of steps is
called a graphic pipeline through which every frame is processed. The overall picture
of the pipeline is depicted in Figure 9.

1. Vertex Shader directly applies to vertices by changing their transformation.
For example, it alters the position (in space) through translation, rotation, and
scales. It allows the mesh to be at specific position.
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2. Shape Assembly as it implies by its name, will assemble the list of vertices
into a shape, usually a triangle. List of vertices can also be interpreted as
simple dots or a line.

3. Rasterization is the process of mapping the shape from the previous step to
the screen. Before this step, all the coordinates related to objects were in 3D,
however, our screen is 2D and discrete (pixel-based). Thus, there is a need to
project from 3D space to the screen to find a set fragments made of pixels.

4. Fragment Shader will apply to all the fragments provided by previous step.
It will define the final color of the fragment, depending on the texture, position,
light exposure, and other parameters.

5. Test and Blending steps will filter out those fragments that are hidden in
the end. For instance, when an object is behind a wall. It also carries out the
process of blending those fragments that should mix together. For example,
when an object is seen through the window transparency.

Vertex
Shader

Shape
Assembly Rasterization

Fragment 
Shader

Test and
Blending Output Buffer

vertices transformed 
vertices triangle

fragments

processed 
fragments pixels

V1

V2

V3
V3

V2

V1

Figure 9: WebGL Rendering Pipeline

2.2.3 Canvas

Canvas was initially introduced by Apple for use in their own Mac OS X WebKit
component in 2004, powering applications like Dashboard widgets and the Safari
browser. Later, in 2005 it was adopted in version 1.8 of Gecko browsers, and
Opera in 2006, and standardized by the Web Hypertext Application Technology
Working Group (WHATWG) on new proposed specifications for next generation web
technologies.
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Canvas being part of HTML5, allows its users with dynamic, script rendered 2D
shapes. It can be considered a low level that can update bitmap images and does
not have a built-in scene graph. These are quite handy in the game development
(2D and 3D) with abstraction layers such as PIXI.js and several others like Three.js
and Unity. Canvas is a window element with height and width as its attributes,
which provides the page with a drawable area. Developers can access this area using
JavaScript code through an extensive set of drawing functions, which comes through
an API exposed by an object called context, thus allowing for dynamically generated
graphics. Despite SVG elements, Canvas-drawn elements are resolution-dependent,
which means it will not always scale cleanly after rendering. Canvas is commonly
used in various purposes such as building graphs, animations, games, and image
composition.

2.2.4 Scalable Vector Graphics (SVG)

The Scalable Vector Graphics (SVG) standard describes graphics that are 2D, interac-
tive, and animated. SVG, an XML grammar, grew out of an effort of the World Wide
Web Consortium. SVG rose from W3C’s Document Formats group. It is based on
two submissions: The Vector Markup Language (VML) and the Precision Graphics
Markup Language (PGML)[10]. The idea behind SVG development was clear: to
create a generic document-oriented solution for graphics that can be adapted to
media. The nature of the web and the momentum vector graphics had gained by the
time SVG was being developed made W3C working group bring SVG design to the
web audience as an open standard, developed and approved by both the industry
and the web community. The SVG specification is beyond a graphics format. It is
an application designed by experts to match the most recent advancements in 2D
graphics.

Figure 10: Examples of Using SVG Paths

SVG Graphics Features

Similar to any other graphics solution, SVG supports all the essential drawing features.
Example of which is vector graphics primitives found in drawing systems. It includes
lines, polylines, polygons, rectangles, circles, and ellipses. SVG also supports paths,
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including cubic and quadratic Bezier curves and elliptical arcs. Some cases of using
SVG paths are shown in Figure 10. SVG objects, as graphical entities, have separate
properties as well as shared ones with other entities. Transformations (scale, translate,
rotate, or skew) can be applied to objects as additive instructions or as a global
transformation matrix. Cascading Style Sheets (CSS) take the responsibility of
styling and animating SVG objects. It is also possible to group SVG objects, so all
the transformations and styling work on all the objects inside a group. The most
significant characteristic of vector graphics is resolution independency, meaning that
all objects scale without losing quality.

Not only vector-based graphics are supported by SVG, but raster images and texts
can also be added directly to the documents. These new types of graphics can merge
with existing ones to deliver more sophisticated results. For example, developers may
place a text along a path. The ability to render such static elements are at the heart
of any graphics package considered a candidate for game development.

Figure 11: Examples of Using Text Along a Path in SVG

SVG Animation

Using sparkling and delightful animations are one of the major selling points of any
video games. Hence, in this section, we will briefly investigate how SVG handles
animations applied to its graphical elements.

There are various ways of animating an open XML-based standard vector graphics
format:

• Scripting: SVG implementations offer an ECMAScript interpreter that lets
developers access, read, write and tweak their document programmatically.
Scripting via JavaScript is the primary solution of animations and interactive
user interfaces within SVG. Leveraging the power of scripting and JS-based
animation libraries like GreenSock (GSAP) has led to more stunning animations.
Given that SVG is expressed in XML format, it is technically possible to alter all
of an SVG document’s content by JavaScript string operations. However, this
method is tiresome and will cause a bunch of overhead issues. The alternative
way of accessing SVG elements to tweak their properties animatedly is to
use another XML technology: the Document Object Model. DOM is an API
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designed to access and manipulate parsed XML content. It is an object-oriented
model that saves us the difficult task of continuous parsing [10].

• Styling: Development of CSS Animations as part of Webkit has made it
possible as a solution that implicitly animates SVG elements. The idea behind
CSS Animations is to let CSS properties change over time. Generally , CSS
Animations is supported very well across browsers; however, there are rendering
differences one may encounter.

• SMIL: SMIL Animation Specification defines animation elements, through
which SVG graphics can be animated. These elements are as follows:

– <animate>: This is the most generic animation element that helps to
animate scalar properties over a period of time.

– <set>: Introduces a convenient way of animating SVG elements. It
comes useful when assigning animation values to non-scalar (numeric)
attributes. For example, hiding a SVG-based sprite and the end of the
timeline by switching its visibility attribute with <set> element.

– <animateMotion>: Serves as a way of animating elements along a
path.

– <animateColor>: Primarily used for tweaking color value of particular
attribute or properties over time. Note that this elements has been
completely removed from SVG 2 specification as developers could achieve
the same result by using <animate> element.

SMIL animations are similar to CSS animations and transitions by their nature.
Timeline is created, keyframes are defined, elements move, attributes are
changed, etc. However, at some rare cases, SMIL animations can perform
superior to their CSS counterparts.

2.2.5 Comparing Rendering Performance of Different Graphics Tech-
nologies for Web

In the context of this work, suitable technologies backing different components of a
game editor must be supplied. One of the most important components of every game
editor is a scene editor, which directly calls graphics API to render objects inside the
scene. In this section, all the web graphics technologies introduced above (WebGL,
Canvas, SVG) are introduced regarding their performance on visualizations. This
analysis’s outcome plays a vital role in attracting this work’s attention toward the
one that suits it the best. The material used in this section is based on researches
conducted by [11] and [7].

The performance of graphics technologies is generally measured in different ways.
While some studies have chosen rendering time (i.e., time until the view is loaded
and viewed), in this Thesis, I opted for the achievable frames per second (FPS) as a
proper FPS is what makes a game eye-appealing and smooth. In a exemplary model
of a tree visualization implemented by [11], they have monitored the performance
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of SVG, WebGL, and Canvas while increasing the number of elements. The idea
behind this analysis is simply measuring to what extent different technologies will
keep operating without losing the minimum visual requirements. FPS, in this case.
This scenario is perfectly aligned with this work’s use case as it would help to improve
the usability of the scene editor when dealing with hundreds of game objects.

Figure 12: Example of Tree Visualization Used for Performance Comparison

Implementation

In the experiment that they have designed in [11], each element of the tree model
above consists of a lines, rectangles and a texts. That being said, the comparison will
represent the total performance of technologies in question in terms of text and typical
graphics rendering. Some libraries have been incorporated in the implementation
part: D3 for SVG, Pixi.js for WebGL, and no library for the Canvas version.

Procedure

Horak et al. have proposed a rather straightforward yet reasonable procedure in
[11]. They have monitored the FPS while doing some interactive operations, such as
zoom and pan, which are common interactions in visualization and games. In other
words, they have tested how many elements one can display until the page becomes
unresponsive (or slow) and not capable of fluidly translating (pan) or re-rendering
(zoom) in 60 FPS. This experiment has been conducted using built-in developer
tools of Chrome or Firefox. All trials were done on the same laptop.
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Figure 13: Performance dropped above 400 nodes, with Canvas and SVG acting
similar and both steeper than WebGL. Removing text from the nodes seems to
preserve the WebGL performance even for a large number of nodes.

The interesting aspect of this graph is that SVG serves relatively good compared
to Canvas, as it is always assumed that Canvas delivers better performance by cutting
the overhead costs of an excessive number of DOM elements that SVG injects on
the page. Although this idea still holds for page loading time, there is no advantage
regarding FPS. Another aspect worth mentioning is how text elements can hit
the WebGL performance. Without text elements, the FPS is not affected by the
number of nodes; even when it exceeds 400000 nodes. The reason for this difference
is that in WebGL text can either be rendered and stored as an image, which reduces
performance, or must be made up using primitives, which increases implementation
effort.

2.2.6 Performance Improvements on Web Graphics Technologies

In the last section, I noticed that removing texts from elements would lift a heavy sake
of performance barrier from the application. Likewise, there are several techniques
introduced by [11] for each technology that can be employed to enhance rendering
performance.

• Flexible Level of Details: Not all the elements contribute to the final
image presented to the user. One case is to hide the details of the elements
when zooming out. Another case is to hide those elements that the camera
does not see in the scene. WebGL handles such cases by employing culling
techniques. In SVG, this can be achieved by utilizing CSS style property. In all
cases, the number of polygons going through rendering stages would decrease
drastically. Here is a good example of occlusion culling performed by WebGL:
https://tsherif.github.io/webgl2examples/occlusion.html
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• Asynchronous Rendering: Concurrency and splitting up the rendering
overhead between multiple threads has played a critical role in web-based map
applications. Traditionally, this approach involved a server that renders and
sends the processed data to the client (Multi-Page Applications). However,
with the new advances in web technology, clients can fully take up this role.
Clients handle the concurrency by starting multiple threads using Webworker
API, where each of them initializes a browser rendering instance. Rendering
instances can process different chunks of the screen independently as there
is no need to wait for each other’s output to continue. This feature is called
OffScreen Canvas. According to caniuse.com it is supported in most major
browsers, including Edge, Chrome, and Opera.

• Combined Approaches: Sometimes it is a good idea to combine different
approaches to achieve the maximum benefit. For instance, in order to tackle
the performance hit caused by text in WebGL, we can use two-folded imple-
mentation, where WebGL is used for graphic elements and Canvas for text
elements. Hence, the main challenge is to keep both technologies synchronized
to make sure text elements are always in the right position.

2.3 Web-based (browser-based) Creation Tools (WCT)
In this section, I will investigate different services that have aimed to bring content
creation and modification inside the browsers. In all of the tools I introduce in this
section, developers have chosen web technologies as primary development stack. It
gives them the freedom to port it as a cross-platform application to as many devices
as they want with minimum effort. One of their cross-platform development solutions
is to use Progressive Web Applications (PWA) [27][28]. Apache Cordova and Electron
are two frameworks that can make a PWA by wrapping a web application in a native
container to run on mobile and desktop devices.
Considering different possible user interfaces throughout such tools has widened my
eyes to opt for the most optimal user interface and user controls for my editor. It
will lead to better user experience and satisfaction while prototyping a game in the
editor.

Web applications have evolved over the past years to support different require-
ments emerging at different times. From reservation services to maps to document
writing. One of the demanding requirements is content creation and visualization.
With the right form of visualization, the audiences would get the intended message
in a shorter time. On the other hand, as discussed in Chapter 2, web apps offer some
advantages like no need for installation, automatic updates, cross-platform
accessibility, which may come useful for many users when used in the form of a
WCT. As a result, many WCTs have been developed to help non-technical users
use their creativity to visualize any form of content for their businesses and work.
WCTs have also served for educational purposes. For example, in [18], they have
implemented NICE-Game, which is a WCT. With NICE-Game, teachers are able to
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create their own educational contents with gaming visualization.

Games are not the only product offered by WCTs. Other services are targeting
different types of users and needs. Whether one works as a graphic designer, illustrator,
web developer, or 3D modeler, there is an excellent chance of them finding a suitable
WCT to create, modify, and present their work. McKegney and his colleagues have
patented a solution in [19] to help web designers leverage the 3D rendering power
of WebGL to create 3D contents without a need for any 3D software expertise or
graphics programmers’ assistance. With their proposed approach, they have targeted
to fill the abstraction gap between the programmer’s use model and designer’s use
model, which is also one of the primary goals of this Thesis. Other industry-level
services are offering different WCTs for different types of customers. Some examples
of popular 2D WCTs are as follows:

• Gravit Designer: Gravit Designer [20] is quite a handy tool for graphic
designers. It is a free, full-featured vector graphic editor. It can also be used
offline via their progressive web app. Like any typical visual editor, Gravit
Designer has structured its workspace in three main sections: Inspector panel
on the right-hand side, Node tree panel on the left-hand side, and the Scene
view in the middle. Side panels contain a tabular menus to cover more features
within limited space. Despite node tree panel being resizable horizontally, it
is not possible to resize nor collapse inspector panel to give more space to
scene view. Giving feedback through putting comments is supported in this
editor. This editor also supports installation on desktops and mobiles; hence,
users may use this feature to run this editor as if they were running a native
application.

Figure 14: Gravit Designer Workspace
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• Boxy SVG: Boxy SVG [21] is a web-based tool for editing SVG files. This tool
has been designed with simplicity and ease of use in mind. All the graphical
elements including paths, curves, texts, and patterns can be manipulated from
within the canvas panel. Despite other WCTs, which are mostly developed on
top of WebGL, Boxy SVG relies on SVG for describing 2D vector graphics.
Boxy SVG supports more than 100 commands as well as configurable keyboard
shortcuts. Like Gravit Designer, it is totally free.

Figure 15: Boxy SVG Workspace

• Figma: Figma has aimed to become a cloud-based version of Adobe’s desktop
software. Figma is firmly targeting team-based collaboration. Makers of this
service hope that it will become a Github for designers where anyone can share
and contribute to each other’s work. With this service, designers can co-edit
and modify a file at the same time. Figma editor also offers a presentation mode,
in which designers can see the result of their wireframe design in full-screen
size and the real context of a mobile, desktop, or website app.

There are other WCTs that let the designers work with 3D models. Here, I will name
WebGL Studio, which is related to the course of my work.

• WebGL Studio: This project is an outcome of a paper submitted from
Universitat Pompeu Fabra [22]. They have introduced this editor as a pipeline
for WebGL creation. It also features a 3D scene-graph rendering engine, an
interactive scene view allowing any modification on the assets in real-time with
the help of controlling gizmos, and an inspector panel showing all the properties
applied to the selected objects. WebGL Studio has used a dark theme for its
user interface, which makes it easier to use in low light and also similar to other
modern game engines. The development team has released the user interface
named litegui as an open-source external library on GitHub [23] enabling other
developers to build their apps on top of it.
The idea behind WebGL Studio is solid. Developers claim that such a
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Figure 16: Figma Workspace

Figure 17: WebGL Studio Workspace

3D editor would resolve the problem of not everyone being able to use 3D
technologies on the web. The problem comes from where average users cannot
use 3D web libraries like Three.js and SceneJS to produce 3D content for the
web environment as it requires good knowledge of 3D graphics programming.
Although users can still use Autodesk Maya or 3D Studio Max, these editors
are using their proprietary rendering engine, so the result of a 3D work might
look different when it migrates to the web.
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3 Product Development Process
and Prototyping Phase

Developing an innovative product requires a various set of skills and planning that
will determine the success or failure of the product. Introducing a new game to the
market also requires a specific set of stages that significantly enhance the project’s
flow, the accuracy of the outcome, and players’ satisfaction. I will discuss two
well-known methodologies intended for New Product Development (NPD)[24].
After that, I will put them side by side to point out the differences and determine the
significant ground rules based on which the development team may opt for taking
the first methodology or the second one. In the end, I will demonstrate how my
prototyping tool can integrate into each one of the methodologies to enhance the
design speed and iteration cycle.

3.1 New Product Development Methodologies
When developing new products, whether it is software, video game, or even an
electronic gadget, the development team needs to detect customer perceptions of
the target products because the popularity and success of such products are heavily
dependent on customer satisfaction. In other words, the chance of a new product’s
success in a marketplace is higher if customers are satisfied with it. Many studies
have proposed different methodologies to generate customer satisfaction models that
can come handy in the process of new product development. For example, in [29],
a new methodology of generating customer satisfaction models using a neuro-fuzzy
approach is proposed. In this section, I explain two methodologies, one linear and
one non-linear, which are widely used in game development.

3.1.1 Stage-Gate Process:

The first methodology to discuss is called Stage-Gate process [35], developed by Dr.
Robert G. Cooper as a result of comprehensive research on why some products
succeed and why some other fail. Stage-Gate process is a conceptual and operational
guideline for driving new product projects from idea to the final production - a road
map for managing the NPD process to enhance effectiveness and efficiency. It is a
method that associates each stage of development with one step in the model, thus
eight steps. Below I will expand each step extensively and explain the application of
each one in development of a new HTML game.

1. Idea Generation: The first step in developing any product is to generate an
idea. The idea can be generated regarding the current marketing trends, or if
it is an entirely new subject, it needs to have SWOT analysis, and risk levels
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Figure 18: Product Development Stages.

of the project must be measured. After the core idea has been generated based
on customers’ needs, feedback on the idea and suggestions from potential users
must be collected.

In this work:

Although having a prototyping tool does not directly affect this stage, it lets
game designers opt for even more ambitious and risky ideas as they know that
they can always evaluate their ideas fast and cheap.

2. Idea Screening: Sometimes it is better to drop an idea as it will not be
beneficial to continue or kick-off its development phase. Also, if there are many
ideas to choose from, screening the idea is a practical way to choose the best
one and skip others.
Feasibility of the new idea must be studied by answering questions such as:

• Is it necessary to introduce a new product?
• Do our development tools and technology support making the new product

or we should upgrade them? If latter, is it worth it?
• Can the existing marketing network sell the new product?
• How long will the lifespan of this new product be?

Having proper answers to each of the questions above will decrease the chance
of product failure drastically.
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3. Concept Testing: At this stage, the selected idea is developed further in a
presentable way. A presentable version of a product differs from one product to
another. When it comes to games or gambling games, in this case, companies
should have at least a playable version of the game. This playable version is
referred to as a demo or so-called prototype. In this stage, the following
questions rise up:

• Do the customers understand the product idea or not?
• Do the customers accept this product or not?
• Do the customers keep using this product if it continues to the production?

In this work:

Designers usually prefer to present their ideas through concept designs and
pitch documents; however, a game presented in concept or written documents
would not represent different aspects of that game. The most informative
way of showcasing a raw game idea is to bring it up to a prototype. The
development of prototypes permits rapid evaluation and feedback from players
and marketing team to ensure that expected profit is achievable. There is
a clear relationship between prototyping and New Product Success (NPS).
The effect of player involvement, as a third parameter, can also moderate
this relationship. According to [25], prototyping has a positive impact on
NPS, regardless of customer (player) involvement; however, this impact grows
stronger when companies involve customers in the early stages of prototyping.
A prototype of a game is a way to demonstrate the idea behind it in a more
practical way compared to concept arts and documents as the former involves
part of the gameplay and feel. Developing a prototype of a video game is
time-consuming and requires a team to work full-time, even with games on
smaller scales, like web-based gambling games. However, by using this editor,
anyone in the team can deliver a prototype of a game idea in a much shorter
time.
Reducing the coding and providing a more user-friendly environment will lead
to faster growth in concept testing phase. Hence, developers will be able to
spend more time focusing on improving the idea as well as spotting the possible
flaws and plan for the development of the final product.

4. Business Analysis: This step follows the concept testing step. The previous
step should be passed with suitable answers to its questions before moving
with this step. The approximate profit of the product is calculated in this
stage. In order to do so, costs of the product must be taken into consideration,
sales figures for similar products must be analyzed, estimated development
time must be calculated, competitors of the product must be surveyed, sales
methods must be determined, and other factors that influence the profit must
be extracted.
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5. Product Development: This step is the time to take all the necessary steps
to produce and distribute the new product. Multiple phases need to move
forward in parallel: production, distribution, introduction, and advertisement.
The marketing department will make plans to distribute the product. The
finance department will evaluate the financial costs needed to introduce the
product.

In this work:

Depending on the scale of the project, this editor can be useful in this stage of
development too. It provides developers with the overall picture of the game
being developed achieved from the prototype made with this editor in the
previous step. Hence, coders will implement a version similar to the given
prototype but at the production level and quality.

6. Test Marketing: Companies usually introduce the product to a small private
or public audience in order to test the product’s success in the smaller scale.
This test will also provide developers with valuable information, allowing them
to improve and tweak on the product. Moreover, this phase generates a small
acknowledgment of the product to a bigger audience.

In this work:

Although this step is intended to occur after product development, a reliable
prototype of a game may open up a marketing evaluation gate before moving
to the production phase. In this case, the development team first creates a
prototype of a game idea in the concept testing phase with the editor; then,
they demo the prototype in a private marketing session to a group of customers.
In the end, they start the production phase if the feedback from the marketing
session is satisfying enough. As a result, developers can detect the flaws and
weaknesses of the game way before moving to the actual production, which
will increase the chance of hitting the market.

7. Commercialization: After testing our marketing, it is time to commercialize
the product and reach it to the hands of costumers across our domain. The
commercialization phase must come prior and after releasing the product.
Technical support and maintenance of the product is a critical issue after
release, which helps to keep the users and attract new customers.

8. Post Launch Review: Following questions must be answered after the product
is launched:

• Is the new product accepted by the costumers?
• Are the demand, sales and profits high?
• Are the costumers satisfied with the after-sales-service?
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• Are the middlemen happy with their commission?
• Are the marketing staffs happy with their income from the new product?
• Is the marketing manager changing the marketing mix according to the

changes in the environment?
• Are the competitors introducing a similar new product in the market?

It is essential to continuously monitor the performance of the new product and
make necessary changes in the marketing plans and strategies to prevent the
product from failing.

3.1.2 Design Thinking

Design thinking can be defined as an innovative problem-solving solution or, more
precisely, a collaborative approach for detecting and rectifying problems. As it implies
from the term, design thinking means how to think of product design as if we were a
designer. The primary specification of the design thinking approach is non-linearity
[30]. Designers usually have the habit of making a quick version of the product
and then improving it through further iteration. They generate possible solutions,
develop simple prototypes, and then iterate on initial solutions backed by customers’
feedback. They keep the iteration going until the product reaches the standard level
of customer satisfaction.

Figure 19: A framework for design thinking.

Design Thinking Framework

There are many design thinking-related methods and tools available. However, I cover
the context of design thinking as a framework. In other words, I discuss different
parts of a framework of design thinking.

Design thinking as an iteration-based and collaborative way of identifying and
solving design-related problems consists of two major parts: identifying problems
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and solving problems. Although both parts are essential, most designers are likely
to focus on the latter, that is, on solving problems. However, these often will not
lead to a consistent and standard design as it is biased by the designer’s overview of
the product, not the customers. One of the features of design thinking that makes
it unique from linear methodologies like the Stage-Gate process is its emphasis on
identifying the right problems to solve in the first place. Hence, Identify is a vital
part of the design thinking framework depicted in Figure 19. Next, I describe each
step within two parts of the framework and inspect the role of my game editor in its
context.

1. Discover: The first step in the framework of design thinking is to gain a mutual
understanding of the problem. This is effectively done through observing,
engaging, and empathizing with customers to understand the experience they
had while using the product. Empathy is vital to a human-centered design
methodology, such as Design Thinking. With sympathy, designers replace their
overview of the product with customers’ insight, thus experiencing the product
as customers would. The more time spent on this step, the more customers
can be studied, and as a result, more analytical information can be gathered.

In this work:

In the case of developing HTML gambling games, this step would find the
players’ needs by following the trends in game development. It means that this
work finds what kind of games engage more players. It also analyzes the games
through playing them like a real player, not necessarily a designer or a coder,
and then find the pitfalls and grasp an understanding of what the end-user
may experience at the end.

2. Define: At this step, the information and stats collected in the previous step
are used to define the problems identified up to that point. These problems
should be formulated in a human-centered manner, meaning that the problem
statement should reflect the customer’s perspective, not the company’s. For
example, a much better way of formulating a statement like "We need to increase
the bet limit in our games to maximize Gross Game Revenue (GGR)" would be
"Setting bet limits in our games would help players develop a sense of trust to
our games, thus spending more time playing our games than other companies’,
which leads to more GGR and happier players".

3. Create: Also known as prototyping. The development team should develop
several inexpensive, fast versions of the product or specific features found
within the product to evaluate solutions generated for the problems defined
in the previous step. Prototypes may be shared and tested by different team
members, in other departments, or on a small group of people outside the
design development team. This step aims to find the best prototypes for each of
the problems identified during the first two steps. The solutions are integrated
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into the prototypes, and, one by one, they are investigated and either accepted,
improved, and revised or rejected based on the customers’ experiences.

In this work:

This is the stage in the design thinking methodology, where the proposed game
editor kicks in. Using an easy-to-use game editor enables companies to make
fast and cheap prototypes of a game in order to try the generated solutions
found in previous steps. The faster and cheaper the prototype development,
the more time and money are saved for dedicating to further refinement. As
an example, if a team had to use up all the given resources to prototyping
a game, they could not follow up on the recursive nature of design thinking
methodology. In other words, they would no longer be able to showcase their
prototype to the people and ask for feedback to refine it as they already ran
out of resources. This editor contributes to the design thinking framework by
helping the team prototype more ideas faster and cheaper.

4. Evaluate: Quality Assurance (QA) team regularly tests the completed product
using the best solutions identified during the prototyping phase. Theoretically,
evaluate stage is the final stage of the design-thinking model, however, in a
non-linear (iterative) methodologies, the results generated during the evaluation
phase are fed to previous stages as inputs to redefine one or more problems and
update team’s understanding of customers’ problems, behavior, and feelings.
Even during this phase, some alterations and refinements are made into the
product to make it closer to accepted standards.

In this work:

After a demo of a game is made, the development flow steers to game testers
so they can conduct sets of manual tests. Concurrently, a copy of the demo
is presented to players in a private release session. The results of these two
processes can then be sent to game designers to apply further refinements.

3.2 Difference Between Design Thinking and Stage-Gate
Process Methodologies

As mentioned earlier, one of the defining characteristics of the design thinking
approach is that it is intentionally nonlinear. A product made with such an approach
in mind has been re-evaluated many times throughout the development process. This
is in contrast to linear approaches, such as the traditional Stage-Gate Process. In
the Eight Step Process, prototyping is typically done toward the end of the process
to demonstrate the product’s best version. It is usually considered as a cognitive
way of evaluating the possibility of manufacturing a specific product, rather than as
a mechanism to get the customer’s feedback to improve it.
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The development team’s financial status plays a vital role in choosing a method-
ology for their new product. For example, a team with a low budget cannot afford
to iterate over a concept prototype many times, especially when each round costs
them a lot of money and time, which in many cases does. My editor aims to lower
the cost of each round of design iteration by reducing redundant tasks and having
more people contribute to it; thus, less time is wasted.

3.3 Who Can Leverage a Web-Based Game Editor?
If we assume this editor as a product, its target consumers would be those companies,
which produce many games in a short time, where they spend at most four months
developing a game from idea to production. Besides, the games should be similar in
mechanics and functionalities to each other. This way, they can get the most out of
this editor by extracting some of the common features as reusable components inside
the editor, enabling them to apply those components to any of their upcoming games
produced by the editor. The maintenance of the editor should also be taken into
consideration. It encompasses all the steps needed to keep the editor functioning,
including adding features, updating deprecated libraries, etc. The target company
should have enough resources to assign to the above tasks. Obviously, a small
company with limited budget should focus on creating the actual desired product
rather than making tools. Besides, the company should have long-term foresight
about its nature and goals; developing an in-house game editor is not an option
when a company aims to reach profitability by delivering a product in a shortest
possible time as we see in startups, where no one can guarantee that they would even
exist in a few years. Technology-wise, the target consumers should have planned to
develop their games using web technologies and intended to deploy their final product
on the web environment as the editor supports web-based prototyping for now. In
conclusion, a company with the following specifications may leverage a web-based
editor:

1. Short-time Product Cycle

2. Alikeness of the Products

3. Enough Budget and Workforce for Maintenance and Future Updates

4. Proper Vision of the Future
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4 Existing Solutions

In this section, I investigate some of the HTML5 game editors as the existing solutions
to my work. I mention all features of their work as well as disadvantages that need
improving. The best way to analyze the efficiency and ease of use in a piece of
software is by putting it into action for the desired purpose, which, in this case, is
prototyping a game. Hence, I try to make a simple version of an HTML5 game to
demonstrate all aspects of these editors more practically.

Before diving into this section, it is essential to define our domain. In other words,
I need to know on what basis an existing solution falls into the category of my work.
In order to do so, I need to provide proper answers to the following questions:

1. What makes a tool similar to mine?

2. How to compare an existing solution with mine?

3. How to find its deficiencies? Which one of them needs improving?

It is nonsense if I compare two instances or entities when they do not belong to
the same domain. As explained in the introduction and Chapter 3, my work is a
web-based editor meant to accelerate Concept Testing step by providing useful
tools, which helps developers reach a playable version of a game they have in mind
in the shortest possible time. This editor uses the PIXI.js library as its backbone
rendering engine. In other words, this tool helps the non-programmers to work with
a creation engine like PIXI.js without having any coding-related hassle. It is worth
noticing that the scope of this editor is different from a game engine like Unity or Un-
real. Although they both employ many similar components, my editor focuses on the
features that are needed in our games when it comes to prototyping. However, game
engines have had a significant impact on the foundation of my work as I have widely
studied them as a sample to design the interface and technical architecture of my work.

4.1 Game Engines
Many tools in the market serve users with the possibility of making different game
genres from zero to hundred and then exporting it to many platforms. We call them
Game Engines. The term "Game Engine" dates back to the mid-1990 when John
Carmack developed the first game engine known as Doom engine. Doom engine
technical architecture was designed in a way that would make it separate from the
game elements and its art assets. That way, game developers could easily make their
own games based on existing engine elements.

When a game is being developed, it contains a lot of logic and rules and specific-
case code to reach its goal, but it is not the case with game engines. When we
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talk about game engines, we should always consider reusability and extensibility
founded by developers to make different games without major modification.

Although every game engine should be responsive to different games, it does
not necessarily mean that every game engine is suitable for all genres. Sometimes
a game engine is dedicated to a specific genre and hardware. Therefore, even the
most general-purpose game engines are perfectly suitable for building games in one
particular genre. However, some companies like EA are integrating their game engines
into one. Frostbite is this case.

While some game engines are proprietary to the company that has developed
them, others are available to use in both licensed and free forms. They usually
employ a variety of different components and systems integrated into their core to
support players for their needs, including the rendering engine, physics engine, sound
engine, AI system, UI system, etc. Most of the game engines come with a build
system letting players export their game projects to as many platforms as it supports.
Some engines are open-source, resulting in more freedom for developers to customize
it to meet their needs. Some examples of open-source engines include Cocos2D-x,
Godot, Quake, and CryEngine.

Figure 20: Game engines employ many components in different layers.

4.2 The Influences of Game Engines on My Work
According to Figure 20, many components serve in different layers of game engines
to help developers create their games. Hence different games mean the act of
combining different sets of components with different configurations to each one.
Many commercial game engines like Unity have been designed in a way that makes
them easy-to-use even for non-technical users. This feature has turned into one of
the primary reasons why they have become popular among game developers. Not all
types of users need to know how game engine components are internally working in
the background; hence, as a rule, one way to simplify the interface of a game engine
is by hiding the components’ implementation details and exposing what is necessary
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to the end-user adjust. My editor is also no exception from this rule. I have tried to
maintain a simple interface by only exposing what needs to be modified. They are
many components in a game engine that are either critical or a speed booster for
designing a game. For example, the world editor is a component that acts like a
developers’ sandbox, where all parts of a game assemble and form the environment.
It saves much time from coders by providing instant feedback as they do not have to
change the codebase to make a slight change in one specific object’s position and
then run the game to see if the changes have put the object in the right place. So,
implementing an efficient world editor is an essential part of every game editor; mine
included. Additionally, the Graphical User Interface (GUI) System is part of
many engines that let the developers make any adjustments to the game objects
or configure any components as the User Input to the engine. The GUI System
encompasses different UI components to receive input from developers regardless of
its data type, whether they are strings, booleans, or scalar values. Below I represent
some components in my editor on the left side and their equivalents in Unity engine
on the right.

Figure 21: The Hierarchy panel contains a collapsible tree that shows the structure
of the scene, game objects, and their relationship. (More on the implementation
details in Chapter 5)

4.3 Web-Based 2D Game Development Environments
It is notable that despite the general trend towards making easy-to-use tools for
prototyping games, it is still complicated to self start with commercial game engines.
This problem is especially prominent when it is narrowed down to web-based game
development as there are not many 2D game editors specializing in the web environ-
ment. There has been a call by [32] around scientific questions arouse from game
engine architecture. Some of its proposals include identifying components common
to all types of game editors, regardless of the environment they are running on,
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Figure 22: The Inspector panel contains many different components depends on the
type of game objects. In this picture, the inspector panel contains the required com-
ponents for rendering and transforming a sprite object. (More on the implementation
details in Chapter 5)

identifying links between game genres and game engine architecture, and establishing
clear boundaries between game editor and the game code. Recent advances in the
development of commercial game engines have filled many of these research gaps.
The Table 1 shows an analysis conducted by [33] on alternative solutions to the
proposals mentioned above. As we see in the table, there are some shortcomings on
the game editors running on the web platform.

Table 1: Shows 2D game environments, the platform they are running on, the
scripting mechanism they use to implement game logic, and their object behaviour
specifications.
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4.3.1 GDevelop

“GDevelop is an open-source, cross-platform game engine designed for everyone -
it’s extensible, fast and easy to learn.”

GDevelop [26]

GDevelop offers a visual programming interface that requires no programming
experience. The engine is written in C++ and JavaScript. Most of the codes and
engine resources, including the core library and their new IDE, are under MIT license,
making it so liberal in the use. Thanks to the simple interface and environment,
GDevelop is designed to be used by everyone. Most of the tools embedded in
GDevelop can be used free of charge. The games developed in GDevelop can also
be exported to mobile devices. However, the engine does not support such devices
natively and only serves as a wrapper around HTML5 games.
According to table 1, many of the game editors offer visual scripting mechanism.
Although VS (visual scripting) is more accessible for those with no coding skills, it
comes at the price of lacking full control, performance, and flexibility over the game’s
logic and flow. Besides, in the case of complex gameplay, it can quickly get out of
control and hard to maintain. The editor layout is built on React and uses Pixi.js for
rendering. The layout is divided into different panels with different functionalities.

Figure 23: Shows GDevelop workbench and environment running in a browser.

Objects Panel

The Objects panel demonstrates all the game objects (actors) inside the scene,
with their given names, which will be in the exported game. Surprisingly, all the
game objects are in the same hierarchical tier, meaning no parent-child relationships
between objects. As a result, it is not possible to group similar game objects to one
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parent. With no grouping feature, an excessive amount of game objects in a big
scene may make the hierarchy polluted with different entities’ records. To rectify
this issue in my editor, I have used an expandable tree representing all the objects
with their children. This approach is taken by many modern game engines. It is
shown in Figure 21.

Properties Panel

GDevelop has a solid properties panel. It encompasses some of the primitive properties
of game objects. For example, it includes the possibility of changing the position
of objects along X and Y axes, changing the rotation clockwise, and changing the
z-order inside each rendering layer (the objects with higher z-order appear on top
of those with lower). It could have been better if they had a checkbox to tweak an
object’s visibility inside the scene. Additionally, one way to improve the UX is to
sub-categorize similar features to different sets with a title. As a result, users can
find their target property more efficiently by narrowing down through each category.

Scripting

In order to make development easier for everyone, GDevelop has used a visual
scripting system. This way, even complete beginners can implement a gameplay
logic without writing a single line of code. The visual scripting logic in GDevelop is
implemented using events. Besides, it is possible to add JavaScript code blocks in the
events of the game. It is especially a superior feature when it comes to implementing
complex logic for the gameplay. The JavaScript editor embedded in GDevelop is
based on the feature-rich Monaco Editor, extracted from Visual Studio Code.

Support for Third Party Libraries

One of the critical criterion for choosing a new tool for a company’s development
pipeline is how well that tool plays along with the libraries that the company has
been using before it. For example, most HTML games use a JavaScript animation
library to handle smooth movements of game elements. GSAP by GreenSock is
an industry-accepted JavaScript animation library that is supported by all of the
modern browsers. Spine by Esoteric Software, as another example, is an animation
tool for 2D games. Animations produced by Spine can be used in HTML games
using the Spine JavaScript runtime library. GDevelop has integrated none of the
mentioned animation libraries into its core, meaning that it is impossible to use
GDevelop UI components or even its visual scripting window to access and modify
the properties associated with any third-party libraries. However, third parties can
still be imported and used externally.

4.3.2 Phaser 2D Editor

Before starting with Phaser 2D Editor, it is better to have an insight into the Phaser
itself. Phaser is an open-source 2D game framework for building HTML5 games.
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Figure 24: GDevelop visual scripting with the possibility of adding blocks of JavaScript
code.

Phaser is a suitable candidate for developing a game only for the web environment and
not for any other platforms as Phaser does not support cross-platform development.
Phaser framework encompasses all the functionalities and tools one needs to create a
2D title, including thousands of examples. Phaser uses Pixi as its rendering engine
and delivers its core on top of what Pixi has to offer. Phaser is a rich framework;
however, it lacks level editing tools, reusable components, and many other tools to
make the game development easier. It is where Phaser 2D Editor comes into the
scene to fill the gap.

Phaser 2D Editor [34] is a friendly IDE for HTML5 game creation. The editor
is built on top of the Phaser framework. There are many features available right
into the editor. Some of them are assets management, visual level editor, JavaScript
assisting tool, texture packer, and many tutorials to get going with the editor.

Object Panel

Object Panel is known as Outline in Phaser Editor. It is a list of objects that have
made the scene. The structure of this section is quite simple in Phaser Editor. Like
GDevelop, it is not in a hierarchical format, meaning that it is not tree-structured.
In some game editors like Unity, users can change the rendering order of objects via
reordering them in the Object Panel; however, this feature is not supported in the
Phaser Editor Outline panel at the time of writing this. Each sprite’s thumbnail is
also shown for each row, making it more convenient to navigate to the desired object.
It is also possible to search among all the objects via the field provided on top of the



39

Figure 25: Shows Phaser 2D Editor workbench and environment running in the
browser.

list.

Properties Panel

Properties Panel or Inspector in Phaser Editor offers a broader set of features and a
much more efficient UX than GDevelop. The Phaser Editor has clearly categorized
different properties into different collapsable windows with a title for each one,
enhancing the UX when adjusting the properties. The Phaser Editor has embedded
more customizable properties in its panel compared to GDevelop. While some simple
properties like sprite visibility and axis flip were missing from GDevelop’s inspector
panel, Phaser Editor serves with much more detailed customizable properties like
tint and alpha blending along with those missing from GDevelop.

World Editor

World Editor or Scene Editor is a strong point of Phaser Editor compared to other
HTML Game Editors. It includes many tools that game developers may need while
making their level. First of all, its grid-based view can align objects together and
keep them on the right scale. Each grid bar is marked by its distance from the origin
in pixel, which helps users coordinate their game objects’ position by grid position.
Secondly, it has a diverse set of gizmos for the user to choose. The list includes
essential translate, rotate, and scale tools, each marked with a different color. Third,
it allows users to zoom and pan using the mouse wheel, which increases visibility
and precision while arranging game objects.
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Project Hierarchy Panel

Phaser editor offers a tree-structured project hierarchy panel like many other game
editors, including Unity and Unreal Engine. The project hierarchy panel helps
developers track their asset files in the project without closing the editor and using
other programs like Finder or Windows Explorer. The project hierarchy of the
Phaser editor uses unique icons for different types of file formats. Additionally, all
the non-empty folders are collapsible, meaning that developers can extend each folder
until they reach the leaves.

Scripting

Phaser editor supports JavaScript and TypeScript as its scripting languages. Develop-
ers may change the behavior of different game objects within a scene by writing their
custom scripts. The editor also provides a code editor for developers. Developers
can access their code by double-clicking on the scripts from the hierarchy panel.
After that, the editor opens the corresponding file as a new tab in the world editor.
The Monaco editor is working behind the scene to enhance the coding experience
by supporting some valuable features, including code highlighting, code completion,
snippet generator, etc.

Animations Editor

Cutout animations can be made out of the box with the Phaser animations editor.
Developers can first add corresponding key frame textures to the project assets,
group them, modifying their properties, such as delay, speed and then the animation
is ready to be used in any scene.
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5 Implementation of the Jackpot
Editor

Jackpot Editor (JE) is this work’s proposed solution for making HTML5 games in a
more user-friendly manner. This Thesis has used the data gathered from existing
solutions to improve its solution in different areas. For a game studio, it is vital
to do trial and error on many ideas. Studios should develop an idea in the least
possible time and demo it to players to get some feedback and iterate back and
improve the core idea. It will increase their chance of standing out in the market
between hundreds of games coming out each day. Considering the rather lengthy and
expensive process of prototyping and demo-making, however, many game studios
still have to kick-off development with the first idea approved by the team. The first
idea is not necessarily the best idea for the market and from the players’ perspective.

Consequently, it will lead to less revenue or even losing the market to competitors
in the long term. JE is this work’s solution to the problem mentioned above in the
domain of web-based games, especially designed and optimized for gambling games.
JE focuses on accelerating the prototyping process and idea-to-production time. It
does its job in two primary ways.

The first would be integrating an interactive environment where anyone, from
designers and artists to programmers and quality testers, can contribute to the
prototyping in their own roles. For example, artists used to ask programmers to
change their art assets when they found them faulty after being given a game build.
However, now, they can freely check if they are satisfied with their work in the
early stages of the development and not after a build is ready and the faulty asset
already found its way to the built game. This case would also save much time for
programmers, which is again profitable to the team.

The second would be to modularize what all games have in common and reuse
them in all upcoming prototypes. Each category of HTML gambling games has
a limited set of features for each game in that category. These games, however,
are presented to the players with different graphics, themes, and mathematical
configurations to keep a good level of variety, joy, and satisfaction and prevent
repetition. JE aims to extract those similar features and pack them as independent
units so that developers can load them into their projects and use them with their
favorable modifications. The idea behind this is coming from Prefabs in the Unity
game engine. Unity’s Prefab system allows developers to create, modify, and store a
game object along with all its components, property values, and child game objects
as an independent and reusable asset [37].

In this chapter, different components of the JE are explained in detail, along
with a technical overview of each part. Furthermore, a road map of future updates
is depicted to demonstrate the ways to enhance the JE.
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5.1 Technical Overview
In this section, an in-depth technical implementation of the system is explained.
Both structural and behavioral Unified Modeling Language (UML) diagrams will
be used during this section to ensure the system is better pictured without any
ambiguity. A sequence of actions starts to occur from the moment a user runs a local
server and loads the main HTML file. This sequence of actions is best represented
using a sequence diagram that shows how the first module starts to interact with
other classes to load up the JE for the first time. This sequence diagram is shown in
Figure 26. Many minor calls and actions are deliberately omitted from the diagram
for the sake of simplicity.

5.1.1 Loading Pipeline Stages

According to Figure 26, the JE loading pipeline starts when the first module
(index.js) is loaded. This module contains a self-executing function run when
the document has finished loading DOM elements. At that moment, we have already
kicked off our sequence diagram, starting from the top left part. As depicted in
the diagram, a series of object instantiation occurs to prepare the game engine to
render the landing page. The diagram has been decorated with three frames, each
labeled with a stage during the loading pipeline. The first stage, decorated with a
red frame, is Project Scene Loading. The primary responsibility of this stage is
to load a JSON file representing the default scene of a JE project. Each JE project
encompasses one or many scenes that are formatted in JSON standard. JSON is a
text-based data format following JavaScript object syntax, which is famous for being
human-readable. JE scene will be explained in detail later on in this chapter. At the
end of this stage, we will have loaded the project scene and are ready to move on
with the next stage. The outcome of this stage will be fed to the next stage, which
is Project Rendering.
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Figure 26: Shows sequence of actions taking place when running JE for the first
time.
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The next stage in the line is Tree Generation, labeled with a green frame in
Figure 26. This stage is better understood by introducing its input and output.
The input of this stage is a JE project scene. This scene is passed in the form of
a JavaScript object. In this Thesis, it is referred to as a scene object. The tree
generation stage is begun when an instance of Jackpot_TreeManager is created and
fed with a scene object. This class uses the scene object to mark the game assets
for loading and generates the game tree once Jackpot_Manager asks for it. A more
detailed sequence diagram of the tree generation stage is illustrated in Figure 27.
As the name implies, Jackpot_TreeManager is responsible for storing and manag-
ing all the trees1 working at the heart of JE to run smoothly. One of the trees
is Jackpot_JSONTree. This tree is generated from the scene object passed to
Jackpot_TreeManager at the time of instantiation by Jackpot_Manager. Like any
other tree in JE, Jackpot_JSONTree is derived from Jackpot_TreeBase. After the
JSON tree is generated, inorder traversal (left, root, right) is used to pass each node
to Jackpot_AssetLoader recursively. Each node of the JSON tree is an instance of
Jackpot_JSONNode containing a path to an asset associated with that node. More
on nodes later on in this chapter. Next, Jackpot_AssetLoader uses the path in-
side each JSON node to mark the assets for loading in the memory. Note that
AssetLoader does not load any asset immediately. It simply keeps the asset’s path
and then starts loading where it is the time to use it. This practice is called lazy
loading. Lazy loading is a design pattern that delays an asset’s load or initialization
until the point where it is needed. Following the Tree Generation step and after all
game assets are marked in the memory, it is time to convert Jackpot_JSONTree to
Jackpot_GameTree. They both inherit similar functionalities but serving different
purposes. JSON_GameTree, as a data structure, directly empowers and backs many
features of the JE. Hierarchy Panel and the rendering order of the assets displayed
on the Scene View are two examples of the features dependent on Jackpot_GameTree.

1The term tree is referring to tree data structure.
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Figure 27: Shows Tree Generation stage sequence diagram

The last stage of the loading pipeline is the User Interface. In this stage,
the main layout is fragmented into different UI components as they are initialized.
Generally, the left area is reserved for Hierarchy Panel, the right area for Inspector,
the bottom area for Project Hierarchy, and the center area for Scene View. The
scalable design of the UI components lets the users decide what portion of the whole
area is dedicated to each component. As mentioned earlier in this Thesis, JE UI is
empowered by and based on the litegui library. Each UI component in the litegui
library has been inherited by a child class at the editor level; hence more features
and helper functions can be added to those supported natively by litegui.

Figure 28: Layered structure of JE user interface

According to Figure 28 , the layered structure of the user interface guarantees the
maintainability of the code in the long term. With this approach, any application-



46

level features can be implemented in the application layer classes (labeled with red
frame) and not in the litegui package (labeled with blue frame). Moreover, there is
only one connection point per UI component between the application layer and the
library, meaning that there is one and only one class in the application layer that
talks with its corresponding class in the library. An intermediary layer between the
library and application layer prevents them from communicating directly with each
other. If application classes could make direct calls to library classes whenever they
needed to, the code would be broken in many places if a new major release of the
library is published out.

5.1.2 Jackpot Editor Project Scene Format

As mentioned earlier in this chapter, game projects consist of one to many scenes.
Scenes are a common concept between different game engines. Each scene consists
of one to many entities that form a view of a game. These entities are called game
objects, which can be of different types. For example, they can be sprites, animations,
UI elements, etc. Hence, all the data regarding game objects should be stored along
with the scene file.

Moreover, this file should be updated in the memory as developers modify and
update the scene. Not only should the format of a scene file include all the informa-
tion about game objects, but also it should encompass the parent-child relationships
between game objects. Scenes can be stored in either text-based format or binary
format. Each one has its advantages. For example, the binary format offers a
better memory read/write speed and less storage size, while the text-based format is
human-readable and plays much better with version control systems and diff tools.

Most HTML games are lightweight comparing to those games running on consoles
and PCs. In other words, HTML game scenes are not crowded with many game
objects. Therefore, the speed of memory read/write on text-based formats is more
than enough. Additionally, each game project is made of a maximum of five scenes,
meaning that not much of a difference a smaller scene file would make. On the other
hand, JSON, as a text-based format, is widely approved in web environments and
can easily represent parent-child relationships. It is also efficient with the version
control systems. For example, all the changes made from the previous commits can
be easily tracked and understood right from the diff tool without loading up the
scene in the editor’s scene view.
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Figure 29: A sprite (game object) along with its representation in scene.json file

The JSON file should contain all the relevant information about the game objects
in JSON objects. Figure 29 shows a JSON representation of a sprite game object.
There are some properties worth highlighting. All the game objects, regardless of
their position in the hierarchy, have a unique id. The id is given to the game objects
at the time of creation and keeps counting up. It is disposable, meaning that it
would never be used again if assigned once, even if its associated game object is
deleted. parentID keeps the id of the parent and null if none exists. type, as the
name implies, keeps the type of the game object. The current version only supports
Sprite, Container, and Spine (animation type) as the type. properties is a JSON
object keeping other general information of the game object. children is a JSON
array that contains game objects’ children if there are any.

5.1.3 Event-Driven Paradigm and Event Emitter

Each piece of software, depending on its size, consists of many classes and func-
tions. These classes need to get messages from each other and from the user to
operate correctly. One of the best application architecture paradigms for achieving
this goal is Event-Driven. An event-driven application is designed in a way to
respond to actions generated by the user or the system itself. An event is any
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identifiable change that has significance for the software. For example, when a
sprite is deleted from the scene, an event is triggered. This event is later listened
to by another class (Jackpot_TreeManager), which removes its corresponding node
from the game tree. All the events are fired and listened to through a single in-
stance of Jackpot_EventEmitter. It is necessary to keep only one instance of
Jackpot_EventEmitter throughout the application, so the receiver class would lis-
ten to an event using the same object that the sender class has used to fire the event.
Singleton pattern is the solution for this need. Singleton design pattern [38] involves
a single class responsible for constructing an object the first time it is instantiated
and returning a reference to the same object every time it is instantiated after that.
The constructor function of Jackpot_EventEmitter is implemented as follows:

c on s t ruc to r ( ){
i f ( Jackpot_EventEmitter . i n s t anc e i n s t an c e o f

Jackpot_EventEmitter ){
re turn Jackpot_EventEmitter . i n s t anc e

}
super ( ) ;
Object . f r e e z e ( t h i s ) ;

Jackpot_EventEmitter . i n s t anc e = th i s ;
}

All editor events are pre-defined in Jackpot_EventEmitter class in the form of
meaningful strings. Once any of them holds, the sender class emits the relevant
string. Subsequent action by listener classes follows the event-emitting process.

5.2 Jackpot Editor in a Nutshell
In this section, some of the key points of JE will be highlighted:

5.2.1 Why implementing an in-house tool from scratch?

JE is considered an in-house tool, meaning that the development process has been and
will be under the supervision of the game studio team. It is effectively advantageous
as everyone in the team can contribute and make the upcoming versions aligned
with their expectations and needs. This cooperation would lead to a tool technically
tailored for Paf’s products, which can play well with the studio technology stack.

5.2.2 What features JE offer compared to existing solutions?

JE has been developed with a new approach on many parts. This new approach
aims to make the development as convenient and accessible as possible for team
members regardless of their roles and backgrounds. An enhanced sprite handling
gizmos that resemble many modern game engines, a more efficient and eye-appealing
user interface that is based on past studies on this field, a fast asset loading pipeline,
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a rendering pipeline that is based on the last version of Pixi.js are a glimpse of JE
strength compared to other editors.

5.2.3 How to run JE?

The JE can be found here: https://github.com/amiralizadehit/Jackpot-Editor.
A local server is needed for JE to work. This local server is used by the JE rendering
engine (Pixi.js) to load assets from the user’s machine into the editor upon making an
HTTP request. This localhost could be provided by IDEs built-in localhost feature
or via Express.js framework.

5.3 User Interface
5.3.1 Theme

Figure 30: Jackpot Editor

As it is depicted in the picture, the JE user interface consists of four main
panels. Scene hierarchy, assets panel, world editor, and inspector panel. According
to other web-based editors, these four panels are essential for the system to operate
correctly. Each panel is investigated separately in the following sections. A good
user interface plays a vital role in UX and accessibility of a piece of software. It
also should get aligned with business objectives and help users achieve their goals
comfortably and quickly. Many pieces of software are using dark-mode in their UI
skin to help users’ eyes concentrate for a long time while keeping more attention on
the screen. Examples of that are Photoshop, Visual Studio, Unity, etc. Some research
indicates the impact of dark-mode on the usability of the software and the user’s
productivity while working with them. Kangsoo et al. [36] published a paper in
which they investigated the effects of dark-mode on visual fatigue and acuity. Their
statistical research concluded that participants’ visual fatigue was significantly lower

https://github.com/amiralizadehit/Jackpot-Editor
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when working in a dark-mode environment than with a light-mode environment. It
effectively implies how screens with high luminance can cause tiredness for eyes over
a long period of exposure.

Moreover, they proved that dark-mode enhances visual acuity. Regarding user
preference, [36] has shown that users prefer dark-mode when working in a low-light
environment. It is also proven that many coders prefer to work with dark-themed
IDEs than light ones.

5.3.2 Scene View Gizmo Tools

Figure 31: Transform is used for scaling and moving game objects

PIXI Graphics API has been used to implement the gizmo tool used inside the
Scene View. This type of gizmo is called Transform. It is used for scaling and also
moving any game object inside the Scene View. It is activated once a game object is
clicked(selected). It renders a filled circle around each corner of the game object and
then connects these circles with a line. Both corners and lines are used for scaling
the game objects but with different behavior of the pivot point. When the pointer
is held down on either of the corners, the pivot point automatically moves to its
diagonal corner, which pins the game object on that corner. Likewise, when the
pointer is held down on either of the lines, the pivot point automatically moves to
the middle of the opposite line. The game object can be moved freely by dragging
the inner area of the transform gizmo.
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6 Results

Usability Test (UT) has been used to evaluate how Jackpot Editor has improved the
existing web-based game editors. UT is about getting users to interact with a tool
or software while their behavior, reactions, and other numerical stats are monitored.
UT contains devising a real-world scenario that can be formulated as one or many
tasks. Each task, in this case, is an editor-level task that should typically come along
with prototyping a game.

Developers are first asked to undertake specific tasks on existing solutions and
this Thesis’s proposed solution while the time spent on each task is being measured.
Second, the mean value of all the timings per task is calculated for each solution.
Third, all the mean values are registered in a table, so it would be easy to compare
them together.

Acknowledge: Jackpot Editor is a work-in-progress, which means many critical
components are still missing from the project. However, the Thesis aims to improve
existing game editors in specific areas, mainly scene editor tools and general UI.
These areas have been demonstrated below in the form of different scenarios in UT.

6.0.1 Scenario #1 - Game Object Visibility Control

Description: Toggle the visibility of a random sprite.
Test Candidates: Jackpot Editor - Phaser Editor - GDevelop
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Table 2: There is no dedicated button for visibility toggling in GDevelop and Phaser
Editor; thus, developers deleted the game object and created it back.

Figure 32: Scenario #1 bar chart representation

6.0.2 Scenario #2 - Game Object One-Axis Scaling Using Gizmo Tools

Description: Use Gizmo tools to scale a random sprite on X-axis to make it exactly
twice as long.
Test Candidates: Jackpot Editor - Phaser Editor - GDevelop
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Table 3: Developers could do one-axis sprite scaling on Jackpot Editor 47.15% faster
than Phaser Editor and 64.45% compared to GDevelop.

Figure 33: Scenario #2 bar chart representation

6.0.3 Scenario #3 - Game Object Rotation and Pivot Change

Description: Rotate a random sprite object 45◦ around its top right corner.
Test Candidates: Jackpot Editor - Phaser Editor - GDevelop
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Table 4: While developers managed to complete this task almost equally fast on
Jackpot Editor and Phaser Editor, GDevelop suffered from a proper tool, so developers
either failed to finish or had to spare more time finding workarounds.

6.0.4 Scenario #4 - Game Object Duplication

Description: Given a group of three random sprites, duplicate them until it fills a
grid of 3x3. The total number of sprites should be 3x3x3 = 27. All the clones must
be at the same hierarchical level (siblings). Figure 34 illustrates a simple example of
how they should look:

Figure 34: 3x3 grid of a group of three random sprites.

Test Candidates: Jackpot Editor - Phaser Editor - GDevelop
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Table 5: GDevelop does not support grouping multiple game objects; thus, not
supporting group cloning and duplication. As a result, developers had to copy-
paste all game objects instead of cloning a group. Although Phaser Editor supports
grouping and duplications, some developers had difficulties moving groups to the
correct position in the grid.

Figure 35: Scenario #4 bar chart representation
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7 Conclusion

This research aimed to identify effective ways to improve web-based game development
pipelines productivity by enhancing existing tools in terms of user experience and
technical core. Prototyping a game has always been one of the most time-consuming
yet essential stages of game development. Prototyping means producing a light mock
of the idea to measure if it aligns with what creators have in mind. Having that
in mind, the sooner and cheaper a game prototype is made, the more ideas can
be prototyped with limited resources, leading to more precise assessment over the
long queue of game ideas. Although many companies are migrating to web and
cloud environments to provide better accessibility to their products, the main target
domain of this Thesis is online casino companies, especially the ones that develop
their own gambling games. The nature of the online casino industry necessitates the
rapid production of new games in no time, highlighting the importance of efficient
prototyping as there is plenty of room for improvements.

Public game editors assist developers in using their Graphical User Interface
(GUI) and built-in components to make the layout of their prototyping games. These
features lead to a more balanced distribution of development flow, enabling the
non-coders to contribute more extensively. On the other hand, game developers also
trust game editors to achieve a satisfactory level of convenience and speed, leading to
lower production costs and quicker development. Hence, game editors are considered
one of the core tools that each game studio uses to build games. Given this fact and
this study’s primary research question, it is deducted that improving existing game
editors’ performance on end-users is the key that enables developers to prototype
game ideas within a specified time without forfeiting the quality. Jackpot Editor
(JE) is a web-based game editor developed based on the studies conducted in this
Thesis. JE has improved the existing solutions in several fields, including in-scene
gizmos, user interface, and object data management system.

In Chapter 2, the structure of web-based applications, as a whole, was investigated.
First, the architecture and different types of web-based applications were studied to
form the foundation of the JE technical stack and network communication. Second,
web-based applications were compared to their native counterparts to evaluate the
best environment for the JE. Generally, the web-based applications suit the web-
based game development need more precisely as they offer platform independency,
a unified technical stack across the company, and more engineering power when a
problem arises. Then, the chapter continued with the technical web specifications
regarding the WebGL rendering pipeline. In this part, the performance of different
rendering technologies was monitored closely, especially when it comes to animations.
Finally, Web-based Creation Tools (WCT) structure was studied to highlight the
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essential parts of every creation tool. After all, JE and other similar game editors
are WCTs.

Chapter 3 took the business aspect of this study. A game is the product of a
game studio. Therefore, all the product design and development methodologies can
be applied to developing games. Stage-Gate Process and Design Thinking were
introduced to highlight the iterative nature of designing a product using prototypes
until the customers are satisfied. The knowledge from this chapter shed light on the
business-wise importance of having a prototyping tool that the development team
can use to keep of with the refinement iterations. Consequently, any modifications
on current prototyping solutions that result in a better user experience can directly
impact business achievements.

In Chapter 4, the most common prototyping tools were studied. This chapter
aimed to spot the strong and weak points of the tools that are considered industry-
accepted. It starts with a review discussion about well-known game engines like
Unity as a superset of all prototyping tools (game editors). Then, studying game
engines provided an overview of how standard modules like game scene, inspector
panel, hierarchy panel, etc., should be designed and implemented to provide the best
experience for the users. In the continuation of this chapter, GDevelop and Phaser
2D Editor have been introduced. These editors were reviewed thoroughly through a
framework that was used in the chapter. This framework helped to compare editors
based on the same set of features that both supports.

Chapter 5 provided more significant insights into the technical implementation of
JE. First, it depicted the flow and initialization of the program using appropriate
Unified Modeling Language (UML) diagrams. Next, it explained how JE parses
a raw JSON file into a visual scene using PIXI.js as its rendering engine. It also
showed the tree structure used to back the hierarchy panel and manage game objects’
rendering order in the scene. It was followed by specifications on how it incorporated
the litegui library to modularize its essential components.

Finally, the last chapter, Results, took the Usability Test (UT) as an approach
to represent how new features and improvements have led to more optimal user
experiences. Phaser Editor 2D and GDevelop, which were studied in Chapter 4, acted
as competitors of the JE in the test. UT is about getting random users to interact
with JE and its competitors (GDevelop and Phaser 2D Editor) while monitoring
their behavior, reactions, and other numerical stats. Four different scenarios were
included in the UT. These scenarios reasonably revealed all the advancements this
study claims to undergo on the existing solutions. The first scenario was toggling the
visibility of a random sprite in the scene. According to the stats, developers managed
to complete this task on JE 81.21% faster than the average of the other two editors.
The second scenario was game object one-axis scaling using gizmo tools. Thanks to
the improved rectangle transform gizmo built into the JE, developers could complete
the task 57.49% faster than the average of the other two editors. The third scenario
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targeted the properties panel (inspector panel) efficiency. It measured how effective
and user-friendly the properties could be found and tweaked. JE’s inspector panel
proved to be slightly more effective (4.29%) than Phaser Editor, while two developers
failed to complete the task in GDevelop. Finally, the fourth task examines the overall
object handling and grouping within the scene view. It also examines if the target
editor features the common editors’ shortcut keys. The average time needed for all
the developers to complete this task on JE was 31.99% less than the average of the
other two editors.

7.1 Future Work
Even though the current state of JE is promising enough to represent how new
integrated tools have provided faster prototyping, several critical areas need to be
taken care of so JE could be considered a production-level product.

The most crucial part that is still missing from the JE is scene file loading and
saving. A complete course of use for an editor like JE consists of loading (or creating)
a file, modifying the file, and saving back to the computer. Most of the tools needed
to create and modify a file have already been implemented in the JE; however, there
is no possibility of loading an existing file or saving the modified file. Given all of
the security restrictions applied to the browsers regarding system file access, there
are two ways to tackle this problem. The first is to develop a native server program
to feed JE with the required file. Then, JE can send back the modified file in JSON
format through an HTTP post request. This solution would essentially convert JE
into a single-page application. The workflow of such applications was studied in
Chapter 2. The second way would be to convert JE to an Electron application [39].
This way, JE would access all OS APIs like any native applications via Node.js, even
though it has been built on top of web technologies. Electron applications live in an
intermediary world between web and native applications. Therefore, they benefit
from inheriting all the advantages of native applications while retaining the power
and flexibility of the web.
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Figure 36: Electron applications architecture

Supporting more types of game objects could be the second priority when it
comes to future development. JE currently supports containers, sprites, and Spine
animations, which are the most used game objects. However, JE can benefit from
grids, particles, and texts a lot.

Supporting new tools helping in handling objects within scene view. Currently,
rectangular transform is implemented. This tool can handle the moving and scaling
of the objects, but it would be a good idea if developers could rotate game objects
right from the scene view with a gizmo.

Figure 37: An example of rotation gizmo with angle indicator
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