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Abstract

As computer technology advances, one of the entertainment media that has emerged is video games. The development of a
video game is becoming more expensive and labor-intensive as technology itself continues to grow. One of the characteristics
of a game as an entertainment medium is its replay value, which refers to the fact that the subject matter can be played more
than once. Automating content through the use of procedural content generation is done with the goal of lowering expenses
and reducing the amount of labour that is required. This research has two goals: designing and developing a Maze Game using
the Procedural Content Generation method with the Cellular Automata and Marching Square algorithms, and determining the
level of player satisfaction with the games developed using the Game User Experience Satisfaction Scale (GUESS) method.
This research will utilize Cellular Automata and the Marching Square algorithm as a method for generating 3D game shapes
through Procedural Content Generation. After the game has been developed, it will be performed by players, and the Game
User Experience Satisfaction Scale will be used to measure the user experience. The result for overall satisfaction, based on
the responses of 25 respondents, is 83.14%. Cellular Automata was effectively implemented to generate the map, while

Marching Square was used to generate the 3D mesh, albeit with isolated rooms and graphical errors.
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1. Introduction

Computer technology is not only used for labor but also
for recreation, such as video games, in the current era.
The genre of a video game can distinguish the manner
in which it interacts with participants. In their function
as entertainment, games contain something known as
replay value, which determines whether or not the game
can be played repeatedly. The design of game levels is
a key component that can enhance the potential for a
game to be played multiple times [1], [2]. Repetitive
value, denoting the capacity to engage in the same
content on multiple occasions, is a fundamental
attribute of a game functioning as an entertainment
medium [3], [4]. The implementation of procedural
content generation processes is driven by the objective
of cost reduction and labour efficiency in content
automation [5], [6]. Procedural Content Generation
(PCG) is a technique used to reduce the expense and
time required for level design [7], [8].

In addition to providing opportunities for developers,
3D permits participants to act more freely and think

creatively. PCG is a technique for automatically
generating a variety of content using a set of algorithms
[9], [10]. The earliest use of PCG in video games is in
Roguelike games, where the majority of the content is
random.

One of the algorithms that can be used in PCG level
design is Cellular Automata (CA), which is used in this
study, where the application works from a cell that
influences its neighboring cells until a space is formed.
Cellular Automata (CA) is an algorithm used in
procedural content generation (PCG), operating from a
single cell that influences its neighbors to form
chambers based on predefined rules [11]. Maps
generated by CA typically have a natural, cavernous
appearance. Previous research by Earle, Snider,
Fontaine, and Togelius compared the efficiency of map
construction using CA and random generation, showing
that CA is more performance-efficient [12],[13]. This
study also incorporates the Marching Squares
algorithm, a technique utilized for generating 2D
contours. Furthermore, the Marching Squares algorithm
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is employed to create a 3D wall model based on the
generated map [14].

The difference with the previous study is that in this
study, the map will be generated using CA, and the 3D
structures will be generated using the Marching Square
(MS) algorithm. This research is developing a horror-
themed game in which the objective is to acquire a
number of items while avoiding enemies. The game is
designed as a single-player experience with a first-
person perspective. The player will navigate a maze-
like map generated using Cellular Automata and
Marching Square. When a player collects a certain
number of items without coming into contact with an
enemy, an exit will materialize for them to reach in
order to win the game. The game will then be evaluated
using the Game User Experience Satisfaction Scale
questionnaire to determine the validity of the Cellular
Automata and Marching Square-programmed game.

2. Research Methods

The research process for creating Maze Games involves
several steps, including literature review, game design,
game production, game testing, assessment, and
reporting. During the literature review stage, extensive
research is conducted to find references, theories, and
in-depth material on topics relating to the creation of the
game labyrinth. Specifically, the focus is on Procedural
Content Generation, Cellular Automata, and Marching
Square. During the planning stage of the Game, the
process involves the creation of a flowchart and a
mockup.

During the subsequent stage, the game production
process commenced in unity using C-Sharp (C#) and
incorporated PCG Cellular Automata as planned.
During the subsequent phase, known as the Game
testing stage, the game that has been developed is
thoroughly examined to identify any flaws, bugs and to
ascertain whether it has achieved the intended
objectives. Tests are conducted to evaluate the
outcomes of generated maps and the positioning of
opponents or foes. The test results are then verified to
ensure they are not identical or random. This testing is
carried out utilizing Black box testing.

Next, the evaluation stage determines the quality of the
maps developed using the CA and MS algorithms and
draws conclusions based on the evaluation of user
opinions using the Game User Experience Satisfaction
Scale. A total of 25 participants participated in the game
and provided feedback through a Google form. The
form included questions designed according to the rules
of GUESS. The GUESS was chosen because the
GUESS has advantages, such as [15], [16]:

Quantitative Measurement: GUESS provides a
quantitative measurement of user satisfaction through
structured questions and rating scales. This allows for
more objective evaluation compared to qualitative
methods alone.

Standardized Metrics: GUESS offers standardized
metrics that can be used across different games and
contexts, facilitating comparisons and benchmarking.
This consistency aids in identifying trends and areas for
improvement.

Comprehensive Feedback: The questionnaire covers
various dimensions of the gaming experience, including
gameplay, aesthetics, controls, and overall enjoyment.
This comprehensive feedback helps developers
understand users' preferences and areas needing
enhancement.

Efficiency: GUESS can be administered to a large
number of users efficiently, especially in online surveys
or post-play sessions. This scalability allows for
gathering feedback from a diverse user base, enhancing
the representativeness of the data.

Iterative Improvement: By regularly administering the
GUESS questionnaire at different stages of game
development, developers can track changes in user
satisfaction over time and iteratively improve the game
based on feedback.

User-Centric  Design: GUESS emphasizes the
importance of user experience in game design and
development, encouraging developers to prioritize
aspects that contribute to user satisfaction and
engagement.

The final stage is the writing of a research report, which
at this stage writing a report on how the implementation
of Procedural Content Generation Cellular Automata
and Marching Square on the Maze Game and an
explanation of how the algorithms and assets used in the
creation of the game work. Through the Game User
Experience Satisfaction Scale is collected the level of
player satisfaction after the game is collected in the test
by either player until completion or not.

2.1. Cellular Automata for Generate Map

Cellular Automata on PCG is used to create maps like
dungeons. A dungeon map has a room that has a door
that leads to another neighboring room, and from its
formation, there is a portion that is considered to be an
inaccessible area [17]. In the formation of maps, there
are several parameters for the limitation point of
generating maps, which are as follows [18], [19].

Percentage of stone cells or areas inaccessible; The
number of generations of Cellular Automata that will
run; The neighbor will be a stone; Number of neighbor
cells.

In an empty base room with a grid X x Y, cells have two
states of emptiness and stone. The way it works is as
follows [20]: The grid of the empty room will be given
several cells randomly with a probability of 0.5 (r) that
the cell will be a stone; Then Cellular Automata will be
applied to the grid with the rule of a cell will be a stone
in the next step if the five cells around it are stones and
vice versa if the number of stones around it is not up to
five then the cell will become free space.
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From the set of stone cells that have formed, the edge
area that comes into contact with the free space cell will
be called a wall or wall. In this research, Cellular
Automata (CA) is used to create a map resembling a
dungeon. CA uses a set of rules to determine the
generation of the map [21], including the percentage of
cells that are active or inaccessible, the number of CA
iterations that will be performed, the neighbourhood
value that designates an active cell, and the number of
neighbor cells. CA begins with a single cell, which then
checks the neighbouring cells; if more than four
neighbouring cells are active, the initial cell is
transformed into an active cell, whereas if fewer than
four neighbouring cells are active, the initial cell
remains inactive. CA will repeat this step until the entire
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flowchart illustrating how CA operates. Where in the
flowchart in Figure 1 shows how to change a cell from
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rule. First, a loop will be run for all cells and a 3x3 check
will be carried out on the cells surrounding the cell to
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out for all map cells.
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Figure 1. Flowchart for Convert Wall with Cellular Automata

2.2. Create Mesh on Map

Marching Square (MS) is an algorithm typically used to
create maps that generate 2D contours. MS uses a

configuration square where each corner can be referred
to as a cell and has an active or inactive state [22].

This is an open access article under the CC BY-4.0 license

418



Viore, Wirawan Istiono
Jurnal RESTI (Rekayasa Sistem dan Teknologi Informasi) Vol.9 No. 2 (2025)

The configuration of a square is depicted in Figure 2,
with the upper left corner labeled 1 and moving
clockwise to 4. A configuration can be calculated with
each cell represented in binary based on the active cells;
for instance, if cells 1 and 3 are active, the binary
configuration is 1 0 1 0, and the calculation is8 + 0 + 2
+ 0 with 10 as the configuration [23].

Figure 2. Square Configuration in Marching Square

There are a total of 16 configurations in Figure 3,
including the state where all cells are inactive, which is
configuration number 1. As depicted in Figure 2, a line
is constructed based on the configuration number to
form a shape connecting other active cells between
squares. Figure 4 shows GenerateMesh, which works to
create a mesh on maps that have been created using
Cellular Automata. First, in initialization for wall
height, nodeCountX, nodenCountY, mapWidth, and
mapHeight then used a loop to give positions for each

controlNodes as well as controlNode conditions when
active or not. After that, it will be initialized square to
give the box based on controlNodes created using the
loop. After that, it will use Marching Square to
determine the value of the box to form a triangle, then
after that, it is the formation of the mesh.
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Figure 3. Configurations in Marching Square
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Figure 4. Flowchart Generate Mesh

2.3. Marching Square for Create Triangle on Map

Figure 5 shows the flowchart of Marching Square. First,
the configuration initialization is performed, and then
the boxes that have been formed from the previous
controlNodes are checked for an active condition with
a maximum value of 15. Once the configuration value

is obtained, the switch will be used with 15 possibilities
to connect nodes. For example, a configuration with a
value of 1 or case 1 is obtained from a binary value of 0
0 0 1 and in the box, then the fourth sequence is the
bottom left controlNode. The Marching Square rule for
the bottom left configuration is to connect the nodes
from the middle left, bottom left and middle bottom.
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Figure 5. Flowchart for Create Triangle on Map with Marching Square Configuration

3. Results and Discussions

The game in this paper is made with a specification of
RTX 3050 laptop, i7-12650H and 16 gb ram. Using
Unity Engine and C3 language to implement the
algorithms. Size of the map used to make the map is
164x92 unity unit. The app is designed using Unity
2021 and is intended for Windows operating systems.
The game uses Procedural Content Generation Cellular
Automata and the Marching Square algorithm to create
random maps. While game content consists of players,
items, and enemies in the process of their random
positioning based on maps created by Cellular
Automata and Marching Square. Figure 6 is an initial
map display that has not been initialized by
GenerateMap.

Figure 7 depicts three random maps generated by
Cellular Automata and Marching Squares. The result of
each map generation is different, meaning that the same
map will never appear twice. Random adversaries,
items, and the player appear on the map, which the
player must navigate.

Figure 6. Example of map created using Cellular Automata and
Marching Square

Game creation focused on the generation of maps using
Cellular Automata and Marching Square. After that the
map is generated in the input of the gameplay element
is the creation of the player character that will be
controlled by the player, items and obstacles in the form
of enemies. Once the gameplay is integrated with the
map generator, it will be tested by several players and
requested feedback in the form of a questionnaire using
the GUESS or Game User Experience Satisfaction
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Scale method. The game was tested by 25 players who
gave feedback through Google Forms with questions
made based on guess rules.

Figure 7. Example of map created using Cellular Automata and
Marching Square

The questionnaire is selected based on the needs of the
game, where the nine factors of the rating category are
taken five factors will then be selected again questions
related to the game. The factors used are 1
Usability/Playability factor with 11 questions, 4
Enjoyment factor with 4 questions, 5 Creative Freedom
factor with 5 questions, 6 Audio Aesthetics factor with
4 questions and 7 Personal Gratification factor with 5
questions totalling 29 questions. Other factors, such as
the second factor, Narratives are not used because the
game has no narrative and does not need to be tested.
Here is the average calculation of the factors taken.

Table 1 shows a question on factor 1,
Usability/Playability, that serves to measure the level of
player satisfaction with the ease of the game, such as
clear lenses, Ul and controls that are easy to understand
by the player. Table 1 shows a question on factor 1,
Usability/Playability, that serves to measure the level of
player satisfaction with the ease of the game, such as
clear lenses, Ul and controls that are easy to understand
by the player. Table 1 also shows the results of the sum
of the values of each selected anchor, along with the
total and average anchor values of the
Usability/Playability factors. And the average of all
questions is 83.84%.

Table 1. List of Usability/Playability Questions

No  Question List 1 2 3 4 5 6 7 Sum Average
(Total/175)

1 | find it easy to learn how to play the game 0 0 2 3 3 6 11 146 0,834285714

2 Game control is clear 0 0 1 3 5 10 6 142 0,811428571

3 I always know how to finish goals in the game. 0 0 2 0 9 5 9 150 0,822857143

4 I think the interface of the game is easy to use 0 0 1 1 4 10 9 144 0,857142857

5 1 don’t need to follow a long tutorial instructions just to play 0 1 0 2 6 8 8 141 0,822857143
the game

6 The menu of the game is easy to use. 0 0 1 4 6 6 8 154 0,805714286

7 I think gamenya taught me about its control smoothly. 0 0 0 2 3 9 11 148 0,88

8 When 1 finish a goal, | always know the next goal. 0 1 0 2 4 8 10 153 0,845714286

9 I think the gamenya gave me the information needed to 0 0 0 2 2 12 9 150 0,874285714
complete the objectives in the game

10 I think the information on the game (e.g., the message onthe 0 0 1 3 2 8 11 150 0,857142857
screen) is clear

11 | feel confident in playing the game. 1 1 0 1 6 7 9 142 0,811428571

Table 2 shows questions on factor 4 Enjoyment which
serves to measure the level of player satisfaction with
the player's pleasure after playing the game and Table 2
also shows the results of the total value of each selected

anchor along with the total anchor value and the average
of the Enjoyment factor, where the average of
Enjoyment is 81.86%.

Table 2. Enjoyment question table

No  Question list 1 2 3 4 5 6 7 Total Average
(total/175)

12 | think the game is fun 0 0 0 2 8 4 11 149 0,851428571

13 I enjoy playing games 0 0 0 4 5 6 10 147 0,84

14 | seem more likely to recommend this game to others 0 0 1 2 8 8 6 141 0,805714286

15  If there is a chance, | want to play the game again 0 1 1 2 9 6 6 136 0,777142857

Table 3 shows questions on factor 5, Creative Freedom,
which serves to measure the level of satisfaction of
players with the freedom of players when playing
games. Table 3 also shows the results of the sum of the

values of each selected anchor, along with the total and
average anchor values of the Creative Freedom factor,
where the average yield of Creative Freedom is 81.83%.
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Table 3. Creative Freedom question table

No  Question list

16 | feel like | can be more imaginative by the game
17 | feel given enough freedom to do as | please
18 | can explore things in games

19 My curiosity increases after playing the game
20 | think the game is unique or original

1 2 3 4 5 6 7 Total Average

(total/175)
01 0 2 6 8 8 14 0,822857143
0 1 0 1 7 11 5 142 0,811428571
0 01 2 6 8 8 145 0,828571429
0 0 1 2 5 107 145 0,828571429
0 01 4 5 9 6 140 08

Table 4 shows questions on factor 6 Audio Aesthetics
which serves to measure the level of player satisfaction
with the sound effects in the game and also Table 4
shows the results of the sum of the values of each

selected anchor along with the total and average anchor
values of the Audio aesthetics factor, where the average
result of Audio Aesthetics is 83.71%.

Table 4. Audio Aesthetics question table

No  Question list 1 2 3 4 5 6 7 Total Average
(total/175)
21 I enjoy the sound effects in games 0 0 0 3 4 10 8 148 0,845714286
22 | enjoy the music in games 0 0 0 3 5 10 7 146 0,834285714
23 | think game audio (such as sound effects and music) addstomy 0 1 0 5 3 7 9 142 0,811428571
gaming experience
24 | feel that the game's audio matches the atmosphere of the game 0 0 0 2 4 11 8 150 0,857142857

Table 5 shows questions on factor 7 Personal
Gratification which serves to measure the level of
satisfaction of players with challenges in games that can
give players a sense of success while playing, and also
Table 5 shows the results of the sum of the values of

each selected anchor along with the total and average
anchor values of the Personal Gratification factor with
the average result of Personal Gratification being
84.46%.

Table 5. Personal Gratification Question Table

No  Question list 1 2 3 4 5 6 7 Total  Average
(total/175)

25 | feel tense whether | can finish the game or not 0 0 1 3 2 9 10 149 0,851428571

26 | feel successful when I pass challenges in games 0 0 0 2 3 10 10 153 0,874285714

27 | want to do my best while playing 0 0 0 4 3 9 9 148 0,845714286

28 I focus a lot on my performance when | play the game 0 0 0 5 4 5 11 147 0,84

29 | feel my skills improve as | complete challenges in the game 0 0 0 4 6 9 6 142 0,811428571

Based on the Questioner results of the five factors
which have a total of 29 questions, it can be calculated
that the average level of player satisfaction with the
Maze Game built using PCG Cellular Automata and
Marching Square is 83.14%, Which shows that
respondents are very satisfied with the results of game
creation using Procedural Content Generation (PCG)
through the application of Cellular Automata and
Marching Squares.

The findings that can be derived from the study
conducted to build the Maze Game using Procedural
Content Generation Cellular Automata, and the
Marching Square algorithm are as follows:

Cellular Automata is employed to generate a 2D map,
with a predetermined size, wherein active cells are
randomly distributed and referred to as walls.
Subsequently, in the next generation, a filtering process
is conducted to identify walls that are deemed too small
and isolated rooms. Subsequently, the map's shape is
defined by the inclusion of supplementary walls along
its edges. Once the 2D map shape has been constructed
successfully, the Marching Square algorithm will be

employed to create a mesh for the map, enabling its
conversion into a 3D representation. The Marching
Square algorithm will generate a triangular shape within
a box composed of four cells. This will result in a three-
dimensional wall mesh that appears more polished and
less box-like. The creation of a three-dimensional wall
is achieved by the utilization of the Marching Square
algorithm, which identifies a line within the triangular
region located at the boundary of the wall. The Maze
Game is designed with a singular purpose and features
barriers in the form of diamonds and zombies.
However, it incorporates dynamic components such as
ever-changing map positions and shapes in each
generation.

The satisfaction of players with the Maze Game, which
was created using PCG Cellular Automata and
Marching Square, was assessed using the Game User
Experience Satisfaction Scale. This scale includes five
factors: Usability/Playability, Enjoyment, Creative
Freedom, Audio Aesthetics, and Personal Gratification.
These factors were chosen based on the specific
requirements of the game. The game has received a high
degree of player satisfaction, with the majority of
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players strongly agreeing with it. The average total
game satisfaction level is 83.14%. Based on these
findings, it can be inferred that the respondents strongly
agree and derive pleasure from the outcomes of creating
games employing Procedural Content Generation
(PCG) with the utilization of Cellular Automata and
Marching Squares.

4. Conclusions

The reason this game is in 3d rather than 2d is to enable
the element of horror by utilizing the dread of the
unknown due to the game's first-person perspective.
Creating 3D barriers requires the use of Marching
Square in order to be rendered in 3D. While Cellular
Automata correctly generates the map, there are
instances in which a room is generated without an exit,
isolating it. As a result, an identifier is required as the
next stage to improve map generation in order to
identify isolated rooms and build a connecting bridge
between them. Next are the 3d walls created with
Marching Squares; while it has been successful, the
wall contains a graphical flaw where the lighting does
not render properly on one side; to solve this issue,
another algorithm called Cubical Marching Squares
could be used, as it can create a more sophisticated
looking 3d shape. The Game User Experience
Satisfaction Scale measures player satisfaction with
PCG Cellular Automata and Marching Square's Maze
Game using five factors: Usability/Playability,
Enjoyment, Creative Freedom, Audio Aesthetics, and
Personal Satisfaction, which were chosen based on the
game's requirements. The average user satisfaction with
the game is 83.14%, which is Strongly Agree,
indicating that users can accept a PCG labyrinth game
employing CA and MS. This research cannot generate
big maps since tiny and medium rooms will be isolated
or inaccessible, causing things, gamers, and enemies to
spawn in isolated rooms. In addition, this research has
a graphical flaw that limits lighting to one direction.
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