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1 Introduction

As a puzzle lover and designer, I am a big fan of Sokoban (Thinking Rabbit, 1982)
and its variants. Sokoban is a puzzle video game in which the player pushes boxes
around in a warehouse, trying to get them to storage locations (Figure 1.1). The
game was designed by Hiroyuki Imabayashi.
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Figure 1.1 A level example of Sokoban. Source: Wikipedia “Sokoban”

There are some well-designed Sokoban inspired puzzle games that came up in re-
cent years, such as Baba Is You (Hempuli Oy, 2019), A Monster’s Expedition
(Draknek & Friends, 2020), Patrick’s Parabox (Patrick Traynor, 2022). I really
had fun playing these games.

I had been wanting to make a Sokoban variant puzzle myself for a long time. In
2023, I made a Sokoban inspired puzzle prototype for a game jam, this prototype
eventually became my thesis project, Kiko’s Apple Adventure (Figure 1.2).

Figure 1.2 A level example of Kiko’s Apple Adventure
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The design goal for Kiko’s Apple Adventure is to design a puzzle game focusing on
communicating with players and showcasing interesting stuff to players rather
than challenging players with difficult puzzles. The writing part of the thesis de-
scribes and analyses how puzzles and levels were designed, as well as my reflec-
tions and findings about puzzle design.

The major contribution of this thesis is:

e A novel Sokoban-variant game that explores the idea of communicative
puzzle design.

e A “puzzle communication model” was built. This model describes the de-
sign and solving process from the perspective of communication. It can
also be used as a tool to help design communicative puzzles.

e Interpreting the learning curve of puzzle games from a communication per-
spective.

1.1 Motivation

As a puzzle lover, I play puzzle games a lot. But I can rarely complete all levels of a
puzzle game. I often heard the same story from friends and other puzzle players.
This phenomenon seems quite common, but why?

The reason is later levels of puzzle games are often designed too difficult. I always
get stuck at some point, lose my interest and then quit the game.

It’s a shame that a player gets frustrated by a hard level and is not willing to see the
rest of the game. There might be some super cool ideas and levels after this “an-
noying” level.

Sometimes puzzle designers just want to show off a little bit how smart they are by
challenging players with a difficult or complicated puzzle, but that might cause a
terrible consequence.

In 2023, I played Patrick’s Parabox, a very well-designed Sokoban variant puzzle.
The overall difficulty curve of this game is really smooth. Puzzles are small and
simple but fun, they keep engaging players. I wanted to figure out how this kind of
games were designed and make a game with a similar play experience.

I watched System-Centric Puzzle Design in 'Patrick's Parabox', a GDC talk made
by Patrick Traynor, the designer of Patrick’s Parabox. In this video, Patrick (2024)
explained his design philosophy, that he was trying to make a puzzle game show-
case or communicate the things of a cool game system, not challenge or stump
players.

This was where I got the magic keyword “communicate”, and started to think
about the relationship between a puzzle designer and a player. I did some research
on the models of communication in communication science and realized that the
puzzle design and solving process is very similar to the process of communication.

1.2 Thesis Overview

The remainder of this thesis is organized into four chapters.



Chapter 2 covers two major parts of the previous relevant research. First is puzzle
design theories. Second is Schramm's Model of Communication, a model from
communication science that inspired me to see puzzle design from the perspective
of communication.

Chapter 3 shows my main finding, the puzzle communication model. This model
describes the communication loop between the designer and the player. All key
components of puzzle communication model are listed and explained.

Chapter 4 documents the design process of my thesis game Kiko’s Apple Adven-
ture. The puzzles are designed according to the puzzle communication model. A
level design example is documented to explain how puzzles are designed and re-
fined. Some other related topics such as level pacing and level management are
also discussed in this chapter.

Chapter 5 summarizes the research findings and significance. The puzzle commu-
nication model and knowledge field are mentioned and how they can be used as a
design tool to make puzzles are explained briefly. Next research steps are pointed
out.



2 Theoretical background

In this chapter, relevant theories and research are reviewed. There are two major
parts: puzzle design theories and Schramm's model of communication.

The first part covers the fundamental concepts and topics in puzzle design. The
second part covers Schramm's model of communication, an influential communi-
cation theory in communication studies. This is the cornerstone and inspiration of
my puzzle communication model.

2.1 Puzzle Design
Puzzles are part of human life, but what is a puzzle?

In The Art of Game Design, Jesse Schell (2008) defines puzzle as “a game with a
dominant strategy”. A dominant strategy is when choices are offered to a player,
but one of them is clearly better than the rest.

In The Art of Computer Game Design, Chris Crawford (1984) describes puzzles as
challenges with no competitor. Figure 2.1 shows his definition about “game”, “puz-
zle” and some other types of play activities.

Creative Expression

beawey

Art Entertainment
non-interacwtive
Movies, Books, etc. Playthings
Toys Challenges
no comwmpetitor
Puzzles Conflicts
no awallowed
Competitions Games

Figure 2.1. Definition of Games.

It may seem surprising that Chris Crawford thought “puzzle” and “game” are two
different things. Because nowadays, “puzzle” is recognized as a game genre, espe-
cially in the world of digital games. “Puzzle game” as a term is mentioned every-
where, but sometimes this term is “overused”. It’s quite a broad concept that
games with different features are considered as “puzzles”.

Jaakko Kemppainen (2014) places puzzles under 7 categories:

e Game mechanics-based puzzles



e Action puzzles

e Embedded puzzles

e Adventure games as puzzles

o Content based puzzles

e Trivia games

e Augmented and alternate reality puzzles

It’s obvious that different puzzles challenge players in different ways. For example,
game mechanics-based puzzles rely usually on mathematical-logical skills of the
player. Action puzzles are games that combine puzzle mechanics with time critical
actions. In so-called point-and-click adventure games the player must figure out
what he needs to do to proceed in the game’s story. Content based puzzles rely on
the information content of the games. They require the player to either guess the
answers or gather information from the puzzle itself or elsewhere if he wants to
progress in the game.

In this thesis, we only focus on game mechanics-based puzzles. Game mechanics-
based puzzles usually do not highlight players' accurate and instant input, the chal-
lenge of this puzzle subgenre focuses on finding a solution to a specific problem.

Puzzles like Angry Birds focus not only on finding a solution, but also executing
the solution. For instance, to destroy the structures in an Angry Bird level, players
need to control the slingshot accurately to hit the target position after making a
smart plan.

2.1.1 Eureka Moment (Aha Moment)

Eureka moment is an unavoidable topic when talking about puzzles. It is also
known as “insight” or “epiphany” or “aha moment”. Elyot (2021) thinks Eureka
moment is “a sudden, pleasureful, fluent, confident feeling of understanding”.

Eureka is the feeling players often experience when playing puzzle games. We of-
ten hear players say “Aha! I got it!” when they found the solution of a tricky puzzle.

Elyot (2021) claims that “A puzzle is anything that conceals a Eureka Moment, and
a puzzle designer’s job is identifying powerful Eureka moments and crafting maxi-
mally impactful setups for them.”

This sounds quite convincing. Now, the question is, how to design a Eureka mo-
ment? Here is the answer: finding an “interesting truth” and then showcasing it to
players.

Interesting truth is the premise of Eureka (Elyot, 2021), it’s something for players
to understand and discover. For instance, the very basic interesting truth in game
Patrick’s Parabox is that the player character could enter a box. Discovering and
understanding this mechanic (the interesting truth) is super surprising and satisfy-
ing (Figure 2.2).



Figure 2.2 Box inside box. Source: Screen Capture.

Jonathan Blow (2011), creator of Braid (Number None, 2009) and The Witness
(Thekla, 2016), had a similar statement about puzzle design, “the method of de-
signing good puzzles is looking for the truth and illustrate it with the puzzle”.

2.1.2 Flow and Learning Curve Design

Difficulty plays a big role in keeping players engaged and motivated. It is the
amount of skill required by the player to accomplish a goal or progress through the
game.

Mihaly Csikszentmihalyi (1990) proposed the following graph (Figure 2.3) that de-
fines “flow” as the channel where there is an optimal level of skill vs challenge. Je-
nova Chen (2007) explained how flow theory can be implemented in games to help
players enter “flow” state. The flow theory is now widely used in difficulty curve
design in video games.

O

Challenges

Boredom

0 Skills o0

Figure 2.3 Relationship between difficulty of challenges and player skills. Source:
Mihaly Csikszentmihalyi.
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The difficulty curve of a game defines how the game's difficulty changes over the
course of gameplay (Sarkar and Cooper, 2019). Difficulty curve is also known as
“learning curve”. I prefer the name “learning curve”, because the word “learn” de-
scribes a player is actively exploring the game system and will eventually get some
knowledge. So, it’s a better fit for the context of puzzles.

Learning curve design is not easy, because the difficulty of puzzles is really hard to
measure. Linehan et al. (2014) presented a methodology of measuring complexity
of puzzles by counting the minimal steps required to solve a puzzle, which seems
objective and helpful for the learning curve design to some extent.

However, complexity does not always equal difficulty. And the difficulty of each so-
lution step can vary a lot. Thus, a low-complexity puzzle with a twist can be very
challenging but only requires very few steps.

A good example is level 07 of Baba is You (Figure 2.4). The size of this level is
small, seems easy. But a key insight is required to solve the puzzle: walls have no
colliders in this level, because there’s no rule that says, “WALL IS STOP” (Figure
2.5). In video games, it’s a convention that walls are obstacles. Players need to
think out of the box.

Figure 2.4 Level 07 of Baba is You. Source: Screen Capture.

Figure 2.5 Level 07 Solution. Source: Screen Capture.
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So, the most accurate and effective way for learning curve or difficulty curve meas-
uring and tuning might be real-person playtests. As Tracy Fullerton (2004) sug-
gests, the foremost goal of a designer is to make sure the game is functioning the
way you intended, that it is internally complete, balanced, and fun to play. And this
is where playtesting comes in.

2.2 Schramm's Model of Communication

Schramm's model of communication is an early and influential model of commu-
nication. It was first published by Wilbur Schramm in 1954.

For Schramm, communication is about sharing information. His model is based on
three basic components: a source (sender), a destination (receiver), and a message.
The process starts with an idea in the mind of the source. This idea is then encoded
into a message and sent to the destination. The destination needs to decode and
interpret the message to reconstruct the original idea. In response, they formulate
their own message, encode it, and send it back as a form of feedback (Figure 2.6).

Channel
2
%—’ Message —%
Noise Receiver

‘M Feedback %

Figure 2.6 Schramm's Model of Communication. Source: Wikipedia

This information sharing process looks quite like the puzzle design and solving
process: A designer packs an interesting truth into a level, a player unpacks the
level to get the interesting truth the designer wants to showcase.

This puzzle communication idea will be explained in detail in Chapter 3. Let’s take
a closer look at the key components of Schramm's Model of Communication first.

2.2.1 Key Components of Schramm’s Model of Communication
Sender

The sender or source initiates the communication process by encoding a message.
This could be an individual, group, organization, or any entity that wishes to con-
vey information.

Message
The encoded information or content transmitted by the source. The message can

take various forms, including verbal, nonverbal, written, or visual communication.
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Receiver

The recipient or audience who receives the message. Receivers interpret and de-
code the message based on their knowledge, attitudes, beliefs, and cultural context.

Channel

The medium through which the message is transmitted from the source to the re-
ceiver. Channels can be verbal (e.g., speech), nonverbal (e.g., body language), or
mediated (e.g., television, internet).

Noise

Any interference or distortion that disrupts the communication process. Noise can
be internal (e.g., psychological factors) or external (e.g., environmental distrac-
tions), affecting the clarity and accuracy of the message.

Feedback

The response or reaction of the receiver to the message. Feedback completes the
communication loop by providing the sender with information about the effective-
ness of their message. It can be used to mitigate processes that may undermine
successful communication, such as external noise or errors in the phases of encod-
ing and decoding.

Field of Experience

The success of communication also depends on the fields of experience of the par-
ticipants. A field of experience includes past life experiences as well as attitudes
and beliefs. It affects how the processes of encoding, decoding, and interpretation
take place. For successful communication, the message has to be located in the
overlap of the fields of experience of both participants.

13



3 Puzzle Communication Model

Players often say “aha!”, “I got it!” after solving a smart puzzle. This kind of “aha”
reaction sounds like a message delivered successfully from the designer to the
player, which means a communication happened!

So, if we take the puzzle design and solving process as a “communication” process
between a puzzle designer and a player, we can easily get the puzzle communica-
tion model (Figure 3.1) based on Schramm's model of communication.

3.1 Puzzle Communication Loop

A simple puzzle communication loop will be like: The designer first comes up with
a puzzle idea (an interesting truth of the system) and encodes the idea into a game
level. Then the player tries to solve and decode the level to get the original idea.
The level playthrough will be the feedback message for the designer to observe and
analyse.

The observation of the level playthrough usually happens in the development
stage, the designer watch players’ behaviour in real time during on-site playtests.
Sometimes, observation could also happen after the game release, if a player sends
the recorded playthrough video to the designer or posts the video on the web.

internal noise (puzzle design)
possibility space

Level Layout

external noise (not puzzle related)

. art/uifcontrol confusion...
Designer

-
/ -

b d@;\ i Level — e e
Ser,, Oqfg. eve eX {(\ep
eg angy, Playthrough @Lcch“e

Ze

Figure 3.1 Puzzle Communication Loop

“Noise” is the most interesting concept in Schramm's model, it’s divided into inter-
nal noise and external noise. In the context of puzzle communication, the two dif-
ferent noises also have their counterparts.

“Internal noise” is puzzle related. It is something a designer intentionally added to
the puzzle level, to make the puzzle not too evident or too easy to solve.

“External noise” is not puzzle related. It usually occurs due to imperfect UX design.
It could be graphics confusion or game controls confusion.
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For a designer, internal noise should be carefully added to a level, to create a good
puzzle experience. External noise should be diminished as much as possible, be-
cause it doesn't contribute to the joy of puzzles.

In the following section 3.2, all key components of the puzzle communication
model are explained in more detail.

3.2 Key Components of the Puzzle Communication Model
Designer (Sender)

The person who comes up with a puzzle idea and presents the idea to players
through the level layout. A designer is the sender of a message.

Level Layout (Message)

The layout of game objects/elements that includes the puzzle idea. It is the out-
come of level design.

Player (Receiver)

The person who plays and solves the puzzle to get the puzzle idea. The decode pro-
cess is usually by reading the level layout and planning the steps of execution.

Game Level (Channel)

A playable game level made by a designer/programmer for players to play. Since
we are talking about video games in this thesis, the form of the game level is a digi-
tal software.

Level Playthrough (Feedback)

Execution of a player’s puzzle solving process. This is the information/message a
player “sends back” to the designer. The form can be either a recorded video or a
designer watching the player solving puzzles in real time. It’s better to ask players
to “think aloud”, which means describing the thinking process while playing the
game. In this way, the designer could have a clear understanding of what's happen-
ing in the player’s mind.

Noise

Anything that disrupts the puzzle communication. There are two types of noise: in-
ternal noise and external noise.

(1) Internal Noise

Noise a designer intentionally added to a puzzle. Internal noise is part of puzzle de-
sign. It is the “trap” a designer set up to make a puzzle seem impossible to solve at
first glance. Internal noise is like the outfit of a puzzle idea. Without internal noise,
the puzzle would be too evident.

By controlling the amount of internal noise, a designer could easily adjust the diffi-
culty of a puzzle level. For a tutorial level, you might want to have very little noise,
to make sure the player learns a new knowledge smoothly. For a knowledge testing
level, you might want to add more noise than in a tutorial level, to make it more
challenging and thinky.

15



(2) External Noise

Noise that is unrelated to puzzle design, it occurs due to imperfect UX design. It
can be graphics or control confusion in the game. In other words, external noise is
the “real” noise that should be avoided and removed, because it’s a pure distraction
of puzzle solving, and not a part of the mind challenge.

Game Knowledge Field (Field of Experience)

The amount of knowledge a designer/player has about the game world/system.
The designer has all knowledge about the game after the design of a game. The
game knowledge field of a player is dynamic, from very little at the start of playing
to the same amount as a designer at the end of game. The change of knowledge
field will be further discussed in Chapter 4.

This puzzle communication model could be used as a tool to design and tune lev-
els. In the following chapter, I will explain how levels of Kiko’s Apple Adventure
are designed and tuned based on this puzzle communication model.

16



4 Design of Kiko’s Apple Adventure

To explore the idea of “communicative puzzle design”, I made Kiko’s Apple Adven-
ture, a 2D block pushing puzzle game about moving apples to rafts (Figure 4.1). A
playable demo of the game is available on the web (itch.io). The link is attached in
Appendix.

As mentioned in Chapter 1, my plan was to make a Sokoban variant, so I tried to
add a new rule on top of the classic Sokoban rulesets. The first prototype starts
with a really simple idea “What if you can move the target point in a Sokoban
game?”

Meanwhile, I always wanted to make a game with a theme of sailing and islands.
That’s how the concept of a “raft”, a platform can move in water (a movable target
point), came to my mind. With the concept of raft, the game setting “a cute bear
explores a world of many islands and collects apples grown on those islands” grad-
ually took shape. Apple in Kiko’s Apple Adventure is the pushable box in the clas-
sic Sokoban game.

Figure 4.1. A level example of Kiko’s Apple Adventure.

In Kiko’s Apple Adventure, players will play as Kiko, a curious little bear, explores
islands with his tiny rafts, collects tasty apples, and outsmart naughty creatures.

Kiko’s Apple Adventure is a level-based puzzle game. The player objective of each
level is to move all apples on rafts. The demo version of Kiko’s Apple Adventure
has 3 chapters, each chapter is a different themed world with a set of levels. The

long-term objective is to explore 3 worlds and collect all apples (complete all lev-
els).

4.1 Game Mechanics

Puzzles in Kiko’s Apple Adventure are grid-based. Each level is a rectangular
“room” with a certain width and height. There are different types of objects and
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elements placed in the level. In other words, the size of the room and the layout of
game elements defines a level.

There are 3 layers in a level: The bottom layer is always the water. The middle layer
is the island layer. The top layer is the object layer.

In this section, all core mechanics are listed. Knowing these game mechanics is
helpful to understand the following level design.

Island Tile

An island tile is a 1*1 size square. It’s the basic unit of islands. Figure 4.2 shows an
island made of 5 tiles.

Figure 4.2 An island made of 5 island tiles with an apple.
Kiko (Player Character)

Kiko, the bear, is the avatar players control in the game (Figure 4.3). The abilities
of Kiko are as follows:

o able to walk on the islands
e able to push the apples and other pushable objects

e able to drive the rafts

A

3

Figure 4.3 Kiko standing on a 2*2 size island.
Apple (Pushable Box)

Apple is the pushable box that needs to be moved to a raft (Figure 4.4). The win-
ning condition of a puzzle is that all apples are on rafts. The look of apples varies in
different game worlds (chapters), but they always function in the same way.

18



Figure 4.4. An apple on an island.
Raft (Target Point)

Raft is one of the most important mechanics of this game (Figure 4.5). It’s the tar-
get point of apples. A raft can be driven by Kiko and moves in the water. It won’t
stop moving until touching the first obstacle or the border of a level room.

Figure 4.5. A raft next to an island.
Stone

Stone is a static obstacle. It can’t be moved or pushed by Kiko. It works like a
“wall”. A stone can appear either on islands or in the water (Figure 4.6).

Figure 4.6. A stone on an island.
Shark
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Shark is an aggressive enemy with “smart” Al behaviours. It first appears in World
2. They move in water (Figure 4.7). Sharks take action after Kiko’s move. They will
dash towards Kiko if Kiko can be seen. Kiko can be seen by a shark when the fol-
lowing 2 conditions are met simultaneously:

¢ Kiko is in the same column or row as the shark

e There are no vision blocks (apple/stone/other shark) in between

Figure 4.7. A shark in the sea.
GrassBox

GrassBox is a special pushable object (Figure 4.8). It first appears in World 3. It
can be pushed into water. It becomes an island tile when touching the water.

Figure 4.8. Kiko and GrassBox.

4.2 Level Design Process

With the game mechanics and elements listed above, I was able to make levels in
the level editor. The game was made using Unity Engine. A level editor was created
first so that I could make puzzles more efficiently (Figure 4.9).
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Editing

Figure 4.9. Level Editor.

In Kiko’s Apple Adventure, the foremost purpose of each puzzle is to communicate
with players and showcase interesting truths of the game system. To achieve this
goal, I use a “5-step” puzzle design method:

1. Find a puzzle idea (interesting truth)
2. Make a minimal puzzle that showcases the idea
3. Add some (internal) noises to make the puzzle more fun/challenging

4. Playtest the puzzle and see if players could get the puzzle idea and enjoy the
puzzle solving process

5. Make changes (if necessary) based on the feedback to improve the puzzle
communication

As you can see, this “5-step” approach comes out of the “puzzle communication
model” introduced in the previous chapter. In the following sections, I will explain
how the “5-step” method relates to the puzzle communication model and demon-
strate the level design process through a real case, “level 1-2” of Kiko’s Apple Ad-
venture.

4.2.1 The Puzzle Idea and How to Find It

To design a communicative puzzle, first (Step 1) is to find the puzzle idea, which is
something interesting about the game mechanics/game system. It is the “message”
to convey, the entire puzzle communication won'’t exist without it.

A puzzle idea should be something new and interesting for players to learn. In
Kiko’s Apple Adventure, there are 3 main types:

e anew game mechanic
e anew interaction of the known game mechanics

e an interesting level layout
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Now we know what is a puzzle idea and what can be a puzzle idea, the next ques-
tion is, how to find a puzzle idea?

One way I use the most to look for new puzzle ideas is playing around with the sys-
tem and mechanics in a big “playground” level and see if some interesting situa-
tions show up. Those interesting situations can be later turned into levels. Jona-
than Blow (2011) once described this kind of design method as “The game designs
itself.”

In Puzzle Level Idea Strategies, Patrick Traynor (2022) listed 30 different practi-
cal methods either he used himself or heard from other designers. This article is
super inspiring and informative. Here are some strategies from the list that I found
quite effective and used very often during the development of Kiko’s Apple Adven-
ture:

e Find an interaction and force it

e Mingle mechanics

e Enumerate all mechanic pairs

e Tryextremes

e Tryinteresting geometry

e Mess around in a big playground

e Make a setup with an invariant
4.2.2 Size of Level

I prefer solving small-sized puzzles when playing puzzle games. I have talked to
many other puzzle lovers, most of them have the same preference. Tom Hermans
(2018) had one suggestion for puzzle design in his article, “use the smallest
amount of space and puzzle pieces for the puzzle will work”. It’s obvious that by
following this rule, the puzzle will look “elegant”, since no irrelevant elements are
included. Puzzles with simple yet elegant solutions have a higher aesthetics index
(Danesi, 2002).

According to my observation, the size of a level plays an important role on the
“first impression” of the level when a player sees it. A small level apparently looks
more “solvable” than a big one. In The Art of Game Design, Schell (2008) listed 10
principles for puzzle design, one of them is “Give a sense of solvability”. From my
perspective, the sense of solvability surely makes players more willing to try a puz-
zle at first glance. On the other hand, if players are confused by a small level, they
are less likely to give up. Because the small-sized levels always make you feel: “I
am almost there”, “I can do it”, “There must be something I overlooked.”

“Bite-sized level” was the strategy Patrick Traynor used to make puzzles more ac-
cessible when designing Patrick’s Parabox. Accessible here means the puz-
zle/game is easy to reach a broad audience. So, if your game is not only targeting
hardcore puzzle players, size of a level might be a thing to consider.
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That’s why (in Step 2) I always start with a minimal level layout to present the puz-
zle idea when designing a level, to make sure the basic level includes the puzzle
idea and it is part of the solution to this level.

4.2.3 Possibility Space

Another topic close to the level size is “possibility space”. Possibility space is a term
that is mentioned quite often in puzzle design to describe the complexity and diffi-
culty of a puzzle. It is “the number of different states the puzzle can be in.” (Her-
mans, 2018). “The starting scenario (of a Sokoban level) would be one state, and
moving left would move the puzzle into another state. Moving back right would re-
store the original state”.

From a certain state, possibility space could mean how many choices you have. For
example, in a Sokoban game, if you can move towards all four directions, the pos-
sibility space for this turn is 4. If you can only go right (the other three directions
are blocked), the possibility space is 1.

According to my game experience, increasing possibility space is a common way of
adding “internal noise” to a puzzle. As a player, the more choices you have, the
more you need to plan to make a decision, the less likely the correct solution will
be found.

Knowing this concept is super helpful for making levels for different purposes. For
a tutorial level, you might want to limit the possibility space to a small number, to
make sure the players do things exactly as you planned. So, it’s impossible to miss
the new mechanics they are supposed to learn in this tutorial level. For a more
challenging optional puzzle, you might want to increase the possibility space, mak-
ing players think harder to find the solution.

This is what I basically do in Step 3, tuning the possibility space (internal noise)
according to the purpose of each level. This is not easy, sometimes noises add fun
to a puzzle, if they later lead to an insight. Sometimes noises hurt the puzzle com-
munication, if they make no sense to the solution. To verify your design, playtest
and feedback (Step 4) is important.

In Patrick’s Parabox, the designer made a “not able to fail” puzzle (which means,
for every step, the possibility space is always 1) to teach the very basic mechanics of
the game (Figure 4.10).
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Figure 4.10 An unable to fail level in Patrick’s Parabox. Source: Screen Capture.
4.2.4 Number of Solutions

For many puzzle games, the challenge is to find “the” solution of the level. Which
means there’s only one solution. Bob Bates (2001) claims that “multiple solutions

to a puzzle cheapens it”, “multiple solutions undermine the meaning you can com-
municate.”

Of course there are puzzles designed to have multiple solutions. For instance, In
The Legend of Zelda: Breath of the Wild, most puzzles can be solved in multiple
ways. It gives players freedom to solve a problem. This Zelda game was designed to
encourage exploration and creative thinking. In this type of game, “multiple solu-
tions” is good or even necessary to have to leave space for optimization.

The “single solution” puzzle and “multiple solutions” puzzle are just 2 different di-
rections. I am not saying one type is better than the other.

For Kiko’s Apple Adventure, I aim for the “single solution” design. The reason is,
my goal is to deliver a certain idea to players, multiple solutions will lead to chaos
and the unpredictability might destroy the communication. “One solution” makes
sure the communication works in the expected way. If there are multiple solutions
for a puzzle, a player might skip the “idea” by solving the puzzle in an unintended
solution.

4.3 An Example of Level Design

In this section, I will use the iterative design process of level 1-2 as an example to
explain the “5-step” design method and puzzle communication model in more de-
tails.

Step 1. The Puzzle Idea

The idea I was intended to showcase in this level was “an apple at the corner of an
island”. This idea belongs to the 3rd idea type: a new and interesting layout.

Step 2. Basic Layout

24



I quickly made a basic playable level that includes this idea: a small island with an
apple at top-left corner, Kiko on the right-top corner and a raft next to the bottom-
right corner of the island. (Figure 4.11)
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Figure 4.11. Version o of Level 1-2.

The possibility space of this basic level is quite small. The layout looks neat and
displays the puzzle idea clearly.

But I feel the solution is too evident. As level 1-2, the 3rd mandatory level of the
game (there are level 0-1 and level 1-1 beforehand), it could be a bit more challeng-
ing.

Step 3. Add Noise

I decided to add the 2nd apple to the level. As a result, there will be 2 islands, 2 ap-
ples, 2 rafts (Figure 4.12).

And 2 twists are included:

o Players need to figure out which rafts for which apples. (The raft on the left
will be the target point for the apple on the top island)

o Players need to figure out how to reach the raft on the right. (The raft on
the right is not next to any island.

.
. aa

Figure 4.12 Version 1 of level 1-2.

Apparently, the level is more challenging than Version 0. Is it good now?
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Step 4. Playtest

I then invited a friend to playtest the level (version 1). I sat by his side and watched
him playing. Actually, he started playing the game from the very beginning (level
0-1), not directly from level 1-2, because some basic mechanics needs to be learned
before level 1-2.

I thought level 1-2 (version 1) could be solved in 1-2 minutes, but it took him about
8 minutes to find the correct solution. This is not a good signal. I knew my friend
played puzzle games a lot, 8 minutes means this level is much more difficult than I
planned. Level 1-2 is still an early level in the game, though it’s not the very first
puzzle. That’s why 1-2 minutes was my expected time to complete this level.

Sometimes it’s hard for designers to evaluate the difficulty of a puzzle, because
they are too familiar with the game they designed. They have played a puzzle hun-
dreds of times. They know the solution before solving a puzzle. That’s why the
playtest is necessary and useful. As a designer, it’s impossible to imagine the first-
time player’s mind.

Here is my observation of the playtest:

e My friend solved the puzzle in an unexpected way, which means the puzzle
has multiple solutions.

e Alater level puzzle idea (rafts interaction) is included in this level by acci-
dent. Though this “rafts interaction” is not part of the intended solution, it
can be discovered in this level due to the large possibility space.

e It took way longer than I thought to solve this puzzle for the first time
player.

I also asked my friend how he felt about this level, here is his feedback:
o It’s surprising to see 2 apples appear in a level for the first time

e There are too many things (5 main steps) to understand to solve the puzzle:
figuring out which raft for which apple, moving the first apple up to the
top-right corner of the island, realizing how to get on the raft on the right,
figuring out how to solve the corner apple situation, moving both rafts to
correct locations.

So based on my observation and the feedback, here are 3 issues needs to be fixed:
e  Multiple Solutions: there should be only one solution
o Idea Spoiler: the “rafts interaction” shouldn’t be allowed in this puzzle
e Too many thinking steps: the puzzle needs to be simplified

Step 5. Iteration

Here are the changes I made (Figure 4.13):

e Both 2 apples are moved to the corner to highlight the theme of this level:
corner apple.
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o Downsized the level to limit the possibility space, no extra solutions any-
more.

e “Rafts Interaction” is impossible in the new layout

e Simplified the solution: figuring out which raft for which apple, under-
standing the corner apple situation and doing it twice.

T
:
t"
i
& I
:
el
e
* s A Ot

U

Figure 4.13 Version 2 of level 1-2.

After the playtesting and iteration, now the new version (version 2) looks neater,
and expresses the core idea more clearly.

This example shows how the “5-step” design method can be implemented to de-
sign a puzzle and how the “communication” happens between a designer and a
player during the design process. It’s obvious that the playtest plays an important
role. With the player’s feedback, the designer could know if the puzzle idea could
be well delivered to the player.

4.4 Level Pacing and Knowledge Field
4.41 Level Pacing

In Kiko’s Apple Adventure, each level is a complete puzzle experience. But no level
is isolated, they are always “connected” to the previous level(s) and the following
level(s). To solve a puzzle, the knowledge learned from the former level(s) is re-
quired. A level might also be the cornerstone of the following level(s). So, when we
say “a level is too easy/difficult”, it does not always mean this level is not well de-
signed, it might mean this is not the correct place to place this puzzle.

This is quite related to the learning curve design. Actually, it’s also a type of com-
munication but from the big picture: it’s the communication of the entire game ex-
perience instead of a single puzzle.

To make sure a successful and smooth communication from start till the end of the
game, some methods listed below are used when pacing the levels of Kiko’s Apple
Adventure.

o Simplify a Level: When a level has too much “noises” and those noises
kind of “buried” the core puzzle idea, makes it too hard for players to dis-
cover, in this case, what you can do to improve the level is removing some
of those noises to simplify a level.
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o Insert a Level: When a level is well designed but too hard for most play-
ers to understand/solve, you can insert a simpler version (as a tutorial) of
this level before this level.

e Delete a Level: When you couldn’t find a good place to put a level, or a
level is not fun to play. Delete it. Or if a level is really well designed, but too
difficult for average players, you can also “soft delete” it by changing it to
an optional level.

e Split a Level: When a level has unintended solution(s) and those solu-
tions are interesting. You can remove them from the original level, and turn
those unintended solutions into new puzzles.

4.4.2 Knowledge Field

Let’s take a closer look at the learning curve from the communication perspective.
According to Schramm's model of communication, for a successful communica-
tion, the message has to be located in the overlap of the fields of experience of both
participants. In the context of puzzle games, “field of experience” can be translated
into “field of knowledge (about the game)”, which means how much knowledge
you have about the game world/system.

Player’s Knowledge Field

Normally, a designer knows everything about the game when the design is fin-
ished. However, for players, things are very different, playing the game is like a
learning process.

At the beginning of playing, a player knows very little (almost nothing, they might
know something from the trailer or game description) about the game. As the
player advances in the game, the knowledge field (of the player) keeps expanding,
getting closer and closer to the designer’s knowledge field. At the end of game, af-
ter solving all puzzles, the player’s knowledge field should be equal to the de-
signer’s knowledge field (if the designer showcases all the aspects of the game sys-
tem/mechanics to players through puzzles). Figure 4.14 shows the change of a
player’s knowledge field when playing the game.

start of game middle of game end of game

Designer’s
Designer's Knowledge Field

Knowledge Field

Figure 4.14 Dynamics of Player’s Knowledge Field During Playing the Game.
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Designer’s Knowledge Field
The Designer's Knowledge Field (Game Knowledge Set) is not static as well.

In the early prototyping stage, a designer needs to explore the potential mechanics,
decides which mechanics should be included in the game and which shouldn’t.
During this stage, the Designer’s Knowledge Field (game knowledge set) changes a
lot. This prototyping stage is usually the designer’s self-exploration, players are not
involved.

Players could also have an influence on the Designer’s Knowledge Field. Here are 2
situations that might happen during the playtesting:

e A mechanic is not a good match with other mechanics or the mechanic is
too hard for players to understand, so the designer decides to remove it
from the game. In this case, the Designer’s Knowledge Field shrinks.

e Players’ behaviour or advice inspires the designer to add a new mechanic to
the game. In this case, the Designer’s Knowledge Field expands.

mechanic removed mechanic added

mechanic added

new knowledge field

new knowledge
field

i old knowledge
i field

1
]

]

'

1
1
’
4
/
’
4
;

mechanic removed

Figure 4.15 Dynamics of Designer’s Knowledge Field

Figure 4.15 shows the change Designer’s Knowledge Field. The grey circle is the old
knowledge field, the blue circle is the new knowledge field. When new mechanics
are added to the game, the circle scales up. When mechanics are removed from the
game, the circle scales down.

4.5 Level Management Tool

As the number of levels explodes, it’s necessary to have a tool to document all lev-
els, so the designer could have a big picture of the learning curve and easily look up
a level when needed.

During the development of Kiko’s Apple Adventure, I used a “tree graph” method.
I haven’t seen other designers use this method before. I got inspiration from the
tree data structure, so I named it “tree graph”, because the final structure of the
level map looks like a tree.
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The “tree graph” of Kiko levels (Figure 4.16) was made in Miro board. Each game
chapter in the “tree graph” board is a “tree”, and each level of this chapter is a
“node”. Nodes are connected to each other based on the playing order. For exam-
ple, in Chapter 1, level 1-1 is the “root” node of the tree, level 1-2 is a child of level 1-
1. Level 1-1A (an optional level) is also a child of level 1-1.

For each node, a level layout image and the puzzle idea are documented. In this
way, the designer could have a clear overview of the “messages” and the entire
“conversation” of the game.

1-1A corner apple + raft land

| L1

1-1 ring sh 1. 1-4 rafts interaction
A MIEEEDRS 1.2 apples at corner 1-3 bridge

» 3 & B

® m . .= - & waEs
a & & m E

& m = all= m

0-1 raft tutorial

Figure 4.16 Tree Graph Board (Chapter 1) of Kiko’s Apple Adventure
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5 Conclusion

At the beginning of making my thesis project, Kiko’s Apple Adventure, the design
goal was to make a Sokoban variant puzzle game focusing on communicating with
players rather than challenging players with difficult puzzles. According to the
playtest and player feedback, the goal was achieved.

During the design exploration, I did a lot of research, a “puzzle communication
model” was gradually shaped, which is the main finding of this thesis. This model
provides a new perspective, the perspective of communication, to think about the
relationship between a puzzle designer and a puzzle solver.

5.1 Puzzle Communication Loop

The puzzle design and solving process can be viewed as a communication loop be-
tween a designer and a player. The designer first comes up with a puzzle idea (an
interesting truth of the game system) and encodes the idea into a (puzzle) level.
Then the player tries to solve and decode the level to get the original idea. The
communication is successful if the player understands what the designer planning
to showcase. The level playthrough will be used as feedback information for the de-
signer to analyse and optimize the communication experience (Figure 5.1).

r ™
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Figure 5.1. Puzzle Communication Model

This model can be used as a tool for puzzle design and tuning. Here is the “5-step”
design approach I use to make puzzles for Kiko’s Apple Adventure:

1. Find a puzzle idea (interesting truth)
2. Make a level that showcases the idea
Add some flavour (internal noise) to make the puzzle more fun

Playtest the puzzle and see if players get the puzzle idea and enjoy the puz-
zle

5. Make changes (if necessary) to improve the communication experience
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There’s not a “correct” way to design puzzles or design games. But this puzzle com-
munication model and design method can be added to a designer’s toolbox, to help
design and reflect puzzle design from the perspective of communication.

5.2 Dynamics of Knowledge Field

The concept of the knowledge field interprets the “learning curve” from the per-
spective of communication. The size of the knowledge field shows how much a per-
son knows about the game mechanics set.

If a single puzzle (level) is a “small” communication, the entire game is a “big”
communication made up of many “small” communications.

Figure 5.2 shows the change of a player’s knowledge field from the beginning to
the end of game. The yellow circle is player’s knowledge field, and the blue circle is
designer’s knowledge field.

start of game middle of game end of game

Designer’s
Designer's Knowledge Field
Knowledge Field

Figure 5.2 Dynamics of Player’s Knowledge Field During Playing the Game

The size of the designer’s knowledge field is also dynamic. The circle expands when
new mechanics are added, the circle shrinks when mechanics are removed. This
could happen because of the designer's self-exploration or the player's feedback.

mechanic removed mechanic added

mechanic added

new knowledge
field

old knowledge

mechanic removed

Figure 5.3 Dynamics of Designer’s Knowledge Field
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5.3 Further Discussion

There are some other techniques that such as level titles, hint system etc. are not
touched due to the scope of thesis writing. These methods are quite often used in
puzzle design to help communicate with players.

Although the model was discussed in the context of digital puzzle design, it could
also apply to physical puzzles. Besides, some other game genres with puzzle ele-
ments could also benefit from this puzzle communication model, especially the fo-
cus of design is to communicate an idea with players. As a game designer, it’s im-
portant to learn from players, adjust the game design according to the feedback to
make sure a smooth and successful communication.

The concept of video games as a form of art is a commonly debated topic. In my
opinion, video game is art and “game development and play” is very similar to “art
creation and appreciation”. An artist puts the idea he wants to express into a paint-
ing, waiting for the audience to discover. A game designer puts the idea into a
game (software), waiting for the player to play and experience. Although the media
are very different, the essence of communication is quite similar. Thus, puzzle de-
sign is a study case, and the communication model might be further developed into
a more general theory that applies to all fields of game design.
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Appendix A: Game Link

Here is the download link of my thesis project, Kiko’s Apple Adventure. A Win-
dows build is available. https://lunardust.itch.io/kikos-apple-adventure
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