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Space Entropy: Emergent narrative through systemic game design
SPYROS BAKALAKOS

GEORGIOS FRAGKOS

Department of Computer Science and Engineering

Chalmers University of Technology and University of Gothenburg

Abstract

This thesis explored emergent narrative techniques in game design and attempted to
explain what is needed to create the potential for emergence in a game. Emergent
narrative refers to stories that arise organically from player interaction with the
game’s systems rather than being pre-scripted. Literature review and research showed
many di Lerknt ways in which unique narrative can emerge from systems in all kinds
of games and research prototypes. Based on collected information from previous work
on the topic, we developed our own prototype game, named Space Entropy, to test
narrative emergence through systemic design with users in a first-person, sandbox
game in a Sci-Fi setting. In this prototype, we utilized some of the techniques that
we found most appropriate for our case. From the quantitative and qualitative data
gathered from the playtests, we were able to establish the validity of the prototype
as well as identify its weaknesses. Finally, our findings led us to formulate a set
of guidelines aimed at other developers or teams that want to achieve unexpected,
emergent narrative without explicitly designing for it.

Keywords: Emergent narrative, non-scripted narrative, interactive narrative, emer-
gent game, systemic design, game design.
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Below is a list of the abbreviations we have used throughout the thesis:

NPC Non-Player Character
MC Main Character
Co-Op Cooperative
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1

Introduction

Video games have always been interactive experiences. They allow players to interact
with their game worlds in various ways, giving them an active role. This active
participation of the player di erentiates games from other mediums such as books,
movies, or music, which are typically consumed passively.

Over time, many games started to gradually integrate storytelling, typically through
linear narratives written by the developers. Although these stories added depth to
the experience, the inherent interactivity of video games o ered opportunities to
push storytelling in video games further. Speci cally, it allowed narratives to emerge
organically from players' interactions with the game systems, as well as from the
interaction of the systems themselves in non-scripted situations. This is particularly
evident in systemic games, where interconnected systems and player's interaction
with them, can lead to the emergence of many new situations [1].

This thesis aims to analyze such systemic games to uncover how emergent narrative
happens through the interaction of their systems. Insights gained from this research

can advance knowledge in narrative design and interactive media, paving the way
for development of games that o er a deeper immersion, and shape the future of

interactive storytelling.

1.1 Context

According to Galyean [2], emergent narrative refers to a narrative structure that arises
from interactions with the environment available to explore. This is also in line with
the emergent game design, which features worlds that are dynamic simulations rather
than just for players to observe. As these simulated worlds function autonomously,
they allow many situations to arise without having a prede ned story [1]. Thus, the
interactions between the systems within these worlds can independently produce
narratives.

Furthermore, most of the literature reviewed focuses solely on emergent narrative
from player interaction with the game systems. However, less attention has been
given to how the interaction between the systems of a game themselves can create
narrative. This gap in research provides an opportunity to explore both of those
concepts in greater depth.
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1.2 Research Question

To better understand the impact of those techniques on the players, we formed the
following research question which we will attempt to answer throughout this paper:

What enables emergence of non-scripted narratives in games?
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Background and Theory

Before exploring, in the following sections, how narrative has evolved in video games
over the years, it is important to de ne what we mean by narrative. As Holmes
[3] notes, "narrative” is a shaky term with numerous con icting de nitions across
literary theory and game studies. For the purposes of this thesis, we will use the
following working de nition:

The way the player perceives and understands the game's events and experiences.

2.1 Early Days of Narrative in Video Games

At the genesis of video games, narrative and storytelling within the medium were
almost nonexistent. In these early days, most of the video games suchTasinis

for Two(1958) [4] andSpacewar{1962) [5] focused purely on gameplay mechanics
without having any story elements. An important factor that contributed to this
was the limited technology available at the time, which restricted developers as
the hardware was not powerful enough to display extensive text and the limited
computer memory made it di cult to store it [6]. However, despite these technical
limitations, there were a few attempts to add narrative in games. One of the earliest
documented attempts wasThe Sumerian Gam¢1964) [7], an educational text-based
simulation computer game developed for schools. Designed by Mabel Addis and
IBM, the game used teletype printouts to guide players through managing a ctional
ancient Mesopotamian civilization [8]. Despite not using digital monitors and not
being a commercial video gamelhe Sumerian Gamewas still groundbreaking for

its time, as it demonstrated that interactive narrative could be e ectively integrated
into a gaming experience, laying the foundation for future text-based games such as
Hamurabi/King of Sumeria(1968) [9].

2.2 First Shift; Birth of Interactive Fiction

Despite early experiments such aShe Sumerian Game mainstream video games
nearly a decade later still lacked any meaningful storytelling [6]. This includes titles
such as the arcade derivative obpacewar! called Computer Spacél971) [10] and
Pong(1972) which catalyzed the commercial boom of the gaming industry.

A signi cant shift in storytelling in video games occurred in the mid-1970s with

3



2. Background and Theory

two pioneering titles: Dungeor(1975) [11], one of the earliest role-playing video
games [12], andColossal Cave Adventu@d976) [13], the foundational commercial
text-adventure [6]. Dungeon which was inspired by the tabletop role-playing game
Dungeons & Dragons [14], introduced a structured narrative progression in its game
design. The game begins with a proper introduction that explains the backstory
of the game and the main goal. If the player loses in combat, they get a message
announcing the character's death in battle, requiring to restart the game. But if
they manage to clear the dungeon, they are rewarded with a congratulatory message,
which acts as the end of the story and consequently the end of the game. This made
Dungeonone of the earliest video games that features a complete narrative that
includes a beginning and end. Meanwhil&€olossal Cave Adventureevolutionized
interactive storytelling not only by having a complete story, similarly toDungeon

but also by allowing players to directly interact with the story through text-based
commands. For example, the game might describe a scene such as, "You are standing
at the end of a road before a small brick building.", and the player could respond by
typing "enter building" making the game to transition to the interior of the building.
This player interaction with the game, allowed the narrative to unfold dynamically,
creating an experience that established interactive ction titles and in uenced many
other games including the populaZork(1977) [15].

2.3 Second Shift: Rise of Visual Storytelling

The late 1970s and early 1980s marked another important shift in video game
storytelling, as advancements in hardware enabled developers to use visuals for
narrative purposes. While earlier games lik®ungeon had basic graphics and a
complete story, their impact on narrative was mostly minimal. Speci cally, at the
end of the game, the player's character would appear surrounded by the defeated
enemies, with a complementary text description mentioning that they bowed in
acknowledgment of the player's victory. Although this scene is still considered as
narrative expression, it is very basic as it is very brief and is done with simple static
sprites.

It was not until the release of the arcade video gam@onkey Kong1981) [16] that
developers took a step further and used graphics for narrative purposes throughout
the game. Donkey Kongintroduced some brief animated sequences between levels,
known as cut-scenes, which helped to advance the plot and as Lebovétzal. [6]
mention, it was the rst game to use such cut-scenes to tell a complete story. For
instance, the game begins with a dramatic opening sequence where Donkey Kong,
the main antagonist, kidnaps Pauline, who is the girlfriend of the player-controlled
character, Jumpman(later renamed Mario), and furiously destroys the platforms
of the construction site that the game takes place. Furthermore, throughout the
game, Pauline cries for help from the top of the construction site, which is a constant
narrative reminder of the player's objective. These elements, while simple by today's
standards, paved the way for modern narrative-driven game design.

4



2. Background and Theory

2.4 Transition to Modern Narrative Trends

As video games evolved as a medium, drawing inspiration from the techniques of
earlier titles, developers began experimenting with increasingly sophisticated ways
to integrate narrative into video games. This experimentation gave rise to a variety
of storytelling techniques, many of them widely used in modern games.

2.4.1 Cinematic Storytelling

The rst attempts to expand Donkey Kong'scut-scene system also relied on hand-
drawn animations. Dragon's Lair (1983) [17] took advantage of laser disks which were
capable of storing signi cantly more data than other storage mediums, to deliver
pre-recorded animated video sequences [6]. Although the game achieved the intended
cinematic experience, relying on pre-recorded video restricted gameplay to quick-time
events, resulting in minimal player agency. Another example iNinja Gaiden(1988)
[18] which used stylized, anime-inspired cut-scenes to present its narrative. These
cut-scenes, shown at the beginning of the game and between its levels, were impressive
not just for their uid sprite animations, but also for their integration of dialogue-
driven storytelling. Unlike earlier gamesNinja Gaiden's cut-scenes featured dynamic
character interactions, with text-based dialogue to advance the plot and esh out
the characters. Lastly, the graphic adventure gam8natcher(1992) [19] for Sega CD,

a remake of the 1988 original game, introduced fully animated pixel-art cut-scenes
with voice acting giving an improved cinematic experience.

The introduction of CD-ROM, as mentioned before, increased the storage capacity
available to developers. This also enabled them to use full-motion video(FMV),
which was live-action footage of real actors. Interactive movies likdight Trap(1992)
[20] used FMVs to present their story, combined with real-time decision making
where the player could trigger various events such as activating traps. However,
many FMV titles often prioritized cinematics over gameplay. In contrast, titles like
Myst(1993) [21] used pre-rendered 3D environments and integrated FMV clips into
the 3D world to deliver the story without overshadowing gameplay and interactivity.

The shift to 3D graphics in the early-mid 1990s allowed developers to push cinematic
storytelling even further. Titles like System Shockl993) [22] andBlood Omen:
Legacy of Kain(1996) [23] used pre-rendered 3D cut-scenes during important story
moments, such as the introduction and the endingTomb Raider(1996) [24] expanded
on this approach by using both pre-rendered cinematics as well as real-time cut-scenes
for smaller narrative parts. Like Blood Omen: Legacy of Kain Tomb Raider also
featured full voice acting and dialogue, resulting in resembling a Hollywood-style
movie. Building on these foundationsMetal Gear Solid1998) [25] took cinematic
storytelling a step further. Unlike earlier titles that relied on pre-rendered cut-scenes,
it utilized real-time cut-scenes which allowed a better transition between gameplay
and storytelling. Furthermore, despite its groundbreaking gameplay, the game was
deeply story-focused with a complex plot and an expanded cast of fully-voiced
characters, making it a pivotal milestone for narrative-driven video games.
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2.4.2 Environmental Storytelling

The shift to visual storytelling in games not only introduced cinematic cut-scenes but
also enabled environmental storytelling. Environmental storytelling is a game design
technique that rather than using explicit dialogue or text, it incorporates any narrative
elements into the environment [26]. Jenkins [27] mentions that environmental
storytelling enhances the narrative experience through four primary methods:

1. Evoking Pre-existing Narrative Associations: This is when environmental
storytelling builds upon the player's existing knowledge or cultural references,
triggering connections. For exampleAssassin's Creed28] series reinterprets
historical eras like the Renaissance or Ancient Egypt. Players come into the
game with a pre-formed understanding of these settings.

2. Providing a Staging Ground for Narrative Events: This is when game environ-
ments are stages where narrative events can naturally unfold. For example, in
The Legend of Zelda: Breath of the Wild29], the whole landscape contains
small pieces of narratives, which Jenkins [27] calls micronarratives, such as the
abandonedTemple of Time from the previous games in the series.

3. Embedding Narrative Information within the Mise-en-Scéne: This involves
embedding pre-structured narrative elements into the game environment, so
the players can uncover when they explore it. For instance, ifhe Last of
Us [30] elements such as personal items, notes, gra ti communicate layers of
backstory.

4. Providing Resources for Emergent Narratives: Here, the game world supplies
interactive elements that enable players to craft their own stories. As an
example, Minecraft [31] o ers many crafting mechanics, allowing player to
construct personalized narratives in the game world.

2.4.3 Multiple Endings and Branching Narratives

Unlike many games with a xed outcome, some games introduced the concept of
multiple endings, which can be considered as an evolution of interactive traditional
stories toward player-driven storytelling [6]. Although it remains unclear which
video game rst introduced this concept, early examples that appeared in mid 1980s
include Metroid (1986) [32],Bubble Bobblg1986) [33] andPenguin Adventurg1986)
[34]. In Metroid, depending on factors such as the player's completion time, the game
ends by showing Samus Aran, the protagonist di erently. In a high-time playthrough,
the ending shows Samus in her full power suit holding her head, suggesting low
performance. However, with better playthroughs, Samus's gestures become more
enthusiastic, to indicate player's better performance, and she gradually removes
her suit starting from her helmet revealing herself to be a woman. Although these
di erences do not rewrite the narrative, they serve as a rewarding indicator of how
well the player has done, with the reveal of Samus's gender being both an important
narrative moment and one of the most iconic in video game history.

In contrast, in Bubble Bobblgif the player defeats the nal boss in single-player

6



2. Background and Theory

mode, the game will prompt them to replay the ght with a friend as the ending
showed was not the true ending. Upon doing so, the true ending happens in which
the two controllable monster characters are transformed to their human selves. This
choice madeBubble Bobbleone of the rst games to hide the true ending behind a
speci c task. Similarly, Penguin Adventurehides its good ending, which alters its
story completely, behind a more cryptic requirement, which is to pause the game
several times. Chrono Trigger(1995) [35], although not the rst game to feature
multiple endings, deserves a special mention as one of the most in uential early
examples. The game o ers 12 endings(13 on new releases) [36], each depending on
the timing of confronting the nal boss. For instance, confronting the nal boss early
in the game is exceptionally challenging and often results in player's defeat, which
triggers a "bad" ending. These examples demonstrate that the concept of multiple
endings can be designed in di erent ways which can in uence player's agency and
narrative consequence.

Branching storytelling expands the concept of multiple endings by o ering players
multiple paths that could lead to the available endings [6]. This means that not only
the story's conclusion can be altered, but also its entire trajectory, which increases
player's control over the story even more. The concept of branching path stories,
while it traces its roots to some gamebooks in the 1930s [37], it was tBboose Your
Own Adventur§CYOA) book series that popularized it [6]. CYOA were a series
of interactive books, which were popular in the 1980s, where readers were able to
make choices at critical points of the story they were reading. The book would then
give them instructions about what page they should turn to, in order to continue
the story depending on their choices. Continuing with video gameBallout(1997)
[38] was a popular game that o ered such multiple paths. The game allowed players
to resolve many challenges in di erent ways, such as through combat or diplomacy,
with each choice having long-term consequences. Since then, many role-playing video
game series featuring branching stories were released, such asBhklur's Gate, Star
Wars: Knights of the Old RepublicThe Witcher, Mass E ect [39] [42], etc. While
these games also include complex gameplay mechanics alongside their storytelling,
other games prioritize narrative immersion and cinematic storytelling. For example,
Heavy Rain(2010) [43] focuses almost entirely on choices, either through dialogue or
physically, and Im-like presentation, demonstrating how branching storytelling can

be utilized in multiple cases.

2.4.4 Emergent Narrative

Emergent narrative in video games contrasts with traditional stories, where the
narrative elements are pre-written by the developers. In fact, Chauviet al. [1] argue
that they can be considered opposites. As video games provide us with environments
to explore, by exploring these environments and interacting with their systems, new
narrative structures can emerge [2]. So using Galyean's [2] work, we can de ne
emergent narrative as any narrative that emerges from the users interactions and
goals within interactive systems. This gives the player an active role in the authoring
of the narrative elements of the game, rather than being treated as a viewer who
watches a static story [6]. An example of such player-driven storytelling iShe

7



2. Background and Theory

Sims [44]. Unlike traditional games with xed narratives, The Sims creates an
environment where stories emerge organically from gameplay. Speci cally, characters
are designed to be a ected by multiple factors such as their basic needs like hunger,
personality traits like ambition or creativity, and dynamic environmental factors such

as job promotions and social interactions. Players get to decide their character's
actions which in turn in uences how their unique stories unfold. Another example is
Dwarf Fortress [45]. In this game narratives are created through its dense simulation
systems where each dwarf has procedurally generated background, unique skills,
and psychological states in uenced by personal memories and emotional responses.
The player needs to design and manage a fortress inhabited by these dwarves who
act autonomously. The interplay between individual backstories, environmental
challenges that might occur, and player's management decisions creates narrative
that feels alive, makingDwarf Fortress pivotal example of emergent narrative in
gaming.

2.4.4.1 Narrative in Systemic Games

Systemic (or emergent games) games are built by designing interconnected systems
governed by explicit rules [46]. Chauviret al. [1] presented ve fundamental charac-
teristics of emergent games that contribute to the emergence of narrative. Speci cally,
these are: coherence, agency, possibility space, uncertainty and co-authoring. Start-
ing with coherence, they mentioned that emergent game worlds also function as
dynamic simulations, which means that they can operate autonomously. Unlike
linear games, where environments often focus on scripted events, emergent games
establish their worlds governed by persistent rules. For example when it comes to
narrative, it would be inconsistent if a character does not behave as expected to a
situation without having the game explaining the reason why their behavior changed
[47]. Thus, by simulating a self-consistent reality, emergent games avoid dissonance
between player expectations and world behavior, enhancing narrative consistency,
and thereby narrative immersion. Continuing with agency, players should have the
ability to impact the interactive game world in which they participate. As Chauvinet

al. [1] explain, agency emerges from a player's ability to anticipate the consequences
of their actions within a coherent system. Possibility space refers to the spectrum
of attainable game states that is enabled by a system's rules and interactions. In
emergent games, this space is expanded through interconnected subsystems that
simulate complex, evolving worlds. Having a large space of possibility, more possible
situations can emerge which can keep player's interest for longer times as they would
have more space to explore and more situations to uncover [1]. Although expecting
the outcome of an action is important, a su cient amount of uncertainty to those
actions can increase player's enjoyment [1]. Lastly, co-authoring is the notion that
both the developers and the player are responsible for the nal experience assuming
that players are capable of also directing instead of just playing [1].

2.4.4.2 Design Challenges for Emergent Narrative

The design and implementation of systems and worlds that are capable of producing
narratives in video games can be a unique challenge that lies at the intersection of
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game design, narrative theory, and systems engineering. Louchattal. [48] mention
that to incorporate interactivity into game narratives, the entire game design process
would need to change. The reason for this is that common approaches to plot, such
as the Aristotelian one, assume a static, non-interacting spectator and do not include
interactions at all. This shift in game design introduces a new level of complexity
and multiple challenges.

Ryan et al. [49] identi ed four design challenges for emergent narrative games
by analyzing simulation games likeThe Sims and Dwarf Fortress. These were:
modular content, compositional representational strategies, story recognition, and
story support. The rst challenge, modular content, occurs as there is the need
to create content (e.g., animations) that scales proportionally with the system's
potential states that it needs to express [49]. To address this, the authors suggest
that developers should prioritize content that is focused on conveying one or few
state-dependent elements while minimizing contextual dependencies [49]. Regarding
compositional representational strategies, the authors argue that while systems
like those in Angry Birds can easily express their underlying states(e.g., positions
of objects, physics forces) using "graphical logics" (visual/mechanical rules like
movement, collision), systems modeling non-physical states(e.g., character emotions)
lack equivalent strategies [49]. The solution they proposed was one that includes
generative dialogue and procedural animation. Such methods allow systems to
dynamically compose expressions of complex internal states, instead of requiring
pre-authored content for every possible state combination, by breaking states into
modular components [49]. Another challenge was story recognition, which is how to
make a system recognize the produced narrative that exists in the unstructured event
streams of emergent games. Their proposed solutions to this were to infer player
intent from their playing behavior (e.g., detecting a "revenge arc" from repeated
attacks on a faction), to summarize the events into highlight reels, or to use tools like
Playspecsto let designers de ne exible story templates (e.g., betrayals that lead to
revenge no matter the in-between events). Lastly, story support is what the system
does with the recognized story once it identi es it. An approach to this would be
one that Sims 2 uses where the system detects partial matches in gameplay and
subtly manipulates the simulation to guide the story toward a satisfying conclusion.

2.5 Summary

Storytelling in video games has evolved from being absent in early titles likong
and Spacewar! into allowing players to actively shape the stories in emergent
games. Initially constrained by hardware limitations, text-based adventures in
the 1970s introduced interactive storytelling through text and player commands.
The advancement of computer graphics in the 1980s enabled visual and cinematic
storytelling, with cut-scenes and environmental details conveying the plot. As timed
passed, games began giving players more narrative agency through multiple endings
and branching storylines. Furthermore, systemic design and emergent narratives
pushed boundaries further by having game systems and the player's interaction
with them, generating unscripted narratives. Lastly, we discussed how emergent
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design bene ts emergent narrative, as well as some known challenges. Exploring
and experimenting with these narrative techniques in practice would be part of this
project.
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Methods

3.1 Agile Development Process

The agile development framework, best described in Meyet al. [50] can ensure
good communication, maintain a stable schedule and make sure that most, if not all,
of the project requirements are met. Following the principles of agile practices for
developing a product means that the development phase runs in iteration phases.
Empirical studies from Wynn et al. [51] show that concentrated e orts on smaller
and easily manageable iterations will return better design results. Each iteration
phase is well informed by the tests and user feedback on the previous one. The
iterations follow strictly de ned deadlines called sprints. It is often proven fruitful
when teams incorporate sprint planning in their design and development phase while
a exible working environment is preserved as well.

Furthermore, it is in their best interest and also good practice among teams to create
a Kanban board through which tasks and roles are assigned, as well as the project's
overall progression and time plan is managed.

3.2 Research

Research, like any other part of any study, is something the researchers need to
design in advance. As Lankosket al. [52] explain, research design is a well-planned

investigation consisting of many phases before actual research begins. First, the
research conductors need to identify the topic of their research. Then, conduct
a thorough literature review related to the area of research. Data collection and

analysis cannot begin unless a research question for the study is clearly stated. Only
then can the researchers proceed to specify the necessary data that will aid them in
answering the research question and what are the best methods to obtain the data
through research.

The research question will not only guide the researchers in deciding the exact types

of data they need to collect and analyze but it will also de ne the unit of analysis,
as Lankoskiet al. [52] call it, that will help nd the proper research methods to use.
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3.2.1 Prototyping

Having said that, we get to the next important chapter, which is not other than
designing and implementing a functional prototype to test the applicability of theories
and methods that emerged from the research in a practical environment. A prototype
can be a low- or high- delity sample that conceives what the nal product will
look like. The prototype can take various forms from paper prototypes at the very
beginning of a project to more complex and detailed versions, using expert tools, as
the project progresses. To achieve the desired level of e ectiveness in the design,
researchers usually make use of data gathered from previous studies and attempt
to create such scenarios, as well as continuously test with users in an iterative
development plan where each iteration will slowly build and expand the prototype.
Although Manker [53] mentions that the role of prototyping in game development is a
rather uncharted area, video game prototypes can serve many purposes depending on
the project and the development stage. Manker [53] argues further that prototypes
in early game design processes formulate a vision of how the game experience works,
along with some initial ideas on gameplay.

3.2.2 Data Analysis

There are two main approaches for collecting and analyzing research data. Qualitative
and guantitative methods. Lankoskiet al. [52] talk about these two procedures
for collecting data and note their di erences. Qualitative analysis aims to explain
phenomena observed through research and categorize them based on data. On the
other hand, quantitative analysis examines theoretical backgrounds of the topic at
hand, mainly through the study of statistical data, ethnographic information or
psychophysiological criteria on the subject.

3.2.2.1 Qualitative Approach

From a qualitative point of view, it may seem essential for a research in game design
to apply such an approach in the game itself and the players alike. For the rst
part, the game would be seen as a set of systems and components, all providing
data individually and as a whole. The study of existing games can help in building
experiences and make assumptions as to what the players expect from a game, what
Is considered good practice when designing various game components and mark some
cases where similar game components were proven to work successfully, so they can
be used as reference points. Mathiassehal. [54] describe several contribution types
such as an experience report or eld study that contain insights and information
which can become research material. An experience report can be constructed by
investigating several companies that attempted to achieve the same results in any
way in the past or by examining some existing games that carry those characteristics,
as mentioned in a previous section. Conducting a eld study means that, in addition

to understanding the professional solutions that create these scenarios, the study of
previous research on the topic and evaluation of theoretical frameworks that have
been produced to address a certain problem are also important. The ndings of such
research approaches will either help in building the said prototype with a concrete
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basis or apply a critique on certain techniques that might prove problematic or
ine cient in each case.

Continuing on the qualitative methods of data gathering, questionnaires and in-
terviews with the participants can be included at some point of the development.
Olsson [55] categorizes interview types in ad-hoc interviews where the researchers
keep notes during extended periods of observation, semi-structured interviews where
participants and interviewers have open-ended discussions with follow-up questions
and structured interviews with predetermined, formal questions answered by the
participants without external interference.

3.2.2.2 Quantitative Approach

A research in games can also be described as theory-driven when it explores existing
hypotheses derived from the examination of a plethora of games that strive to achieve
the same outcome as the research question, each in its own way. Theory-driven data
inherently leads to quantitative data collection and analysis in an attempt to bring
forward the state of the subject in research, based on existing knowledge, as Olsson
[55] explains. However, data-driven approaches, which are qualitative in nature, can
additionally be applied to compliment the statistical ndings and try to add an
explanation to them.

Even though a research might be inherently qualitative, more statistical data could
inform the researchers and help them label the nal results based on data clusteriza-
tion.

3.2.2.3 Mixed Methods Approach

In many cases, it might be best suited for a research to use a combination of qualitative
and guantitative methods to collect and analyze data, it can rely on theoretical
backgrounds and frameworks established by di erent gaming genres, while there is
also the need to build a foundation based on user testing and continuous feedback.
Lankoski et al. [52] refer to this as mixed methods approach where qualitative data
is used to build a detailed understanding of a topic while quantitative data evaluates
the validity of these ndings.

3.2.3 Prioritization

From the research and thematic analysis of the area of concern, several requirements
will be brought to the surface. In order to assess the signi cance of these requirements,
the researchers need a way to rank the level importance for each of the criteria. The
MoSCoW prioritization technique ranks the project requirements into four categories.
These categories are requirements that "Must" be satis ed for the project to be
considered complete, requirements with high priority that "Should" be included in
the nal delivery, requirements that are not necessary for the project but they Could
be added and requirements that "Won't" be met until a future iteration or "would"
be added on a later version.
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3.2.4 Validation

In modern software development, the quality and e ciency of features matter more
than ever. Especially in the eld of computer games, where attention needs to
reach down to the last details, the need for continuous veri cation and validation
is imperative. As Rodriguezet al. [56] mention in their article, continuous quality
engineering means that veri cation and validation are deeply engrained to each single
development step. Thus, evaluating and reiterating the product in each development
phase is important and can yield better quality results.

3.3 Theoretical Framework

Based on the conducted research and literature review, we aim to devise a theoretical
framework that provides a set of design choices and options for the construction
of a dynamic game world which promotes narrative potential and emergence from
interaction. This framework will, later, work as the blueprint for building our game.
Designing a theoretical framework will take the development process a step further
as it will show the connection between di erent design approaches and the desired
form of narrative potential that we want to achieve. Eladhari [57] describes narrative
potential as the possible narrative outcome of a designed environment and players
interaction within it, which enables possible "histories of play' to emerge as stories
are retold. Through this thesis, we want to promote player-created stories that shape
the nature of the game and give meaning to their gameplay. We rmly believe that
this framework could pose a valuable asset for game creators when building systems
for emergent and narrative and can also be expanded through future research.

3.3.1 The player in the role of the author

To create the possibility of the narrative emergence in a game world, we need to give
players the freedom to impact the progression of the story in multiple directions. In
this sense, the player is playing the game and writing its scenario at the same time.
Koenitz [58] write in their paper about narrative design, in interactive storytelling,
the audience has an active part in shaping up the story and co-creating it with the
author. It becomes apparent that the more freedom we give the player in shaping
the progression of the story, the less control we have over the game's narrative design.
Koenitz [58] distinguishes interactive narrative in three categories: Linear narrative,
where the author or designer has all the power to guide the story to a certain outcome,
which will always be presented in the same way. Branching narratives are often
smaller parts of the story, usually optional side quests, that present the player with
the option to follow a di erent path towards an outcome which is most of the time
the same for all players as it is prede ned by the creator. Lastly, open narratives
have no predetermined sequence in which they occur, nor is it guaranteed that all
players will meet this event along their gameplay. This kind of narrative o ers the
best amount of freedom to the player but also poses the biggest challenge for the
designers as it requires a heavy conditional structure to ensure that one event can
lead to another and ultimately reach a meaningful outcome for the player. Moreover,
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open narratives can become risky because they rely on the player's perception to
identify and manipulate those systems to their advantage. Gustafssat al. [59]
argue that One bene t of pre-written narratives is their ability to communicate and
prepare which achievements are available within the game.. The design methods
shown in the framework below will mostly try to understand and give an answer to
the problem of creating emergent narrative with the focus on open narrative type of
games and to a smaller extent on branching narrative in games.

3.4 Emergent Narrative Techniques

In this section, we will present and inspect all the methods and techniques we found
during our investigation. We attempt to understand if and why they are successful

in certain scenarios and subsequently gure out which of them we can apply to our
game in order to achieve emergent narrative through systemic gameplay.

3.4.1 Emotional Attachment

The ‘family tree' mechanic is a system in games that visually depicts relationships
between characters, NPCs or units giving detailed descriptions between two or more
characters. Burgeset al. [60] in their research on how players use emergent narrative
in strategy games, refer to the ‘family tree' mechanic in the 'Total War' series, along
with text descriptions of unique characteristics of each character, as a tool providing
players with resources for creating emergent narrative. Later on in their papers, they
provide insights collected from their data where players were able to manufacture
stories that derived from the background context, past events given in the character's
description or a liation with another character and thus explain and defend an
action taken in the game.

Similarly to the ‘family tree', the Total War series assigns unique traits and character-
istics to each unit and historical gure that the player can control. As Burgeset al.
[60] mention again in their research, personality traits in combination with the family
tree information provided to the player can enhance the story's coherency when an
action is performed. For example, people have mentioned in the posts examined by
Burgesset al. [60] that according to a character's personality and background, their
perception of them changes, leading them to make choices tting to their character,
from sacri cing them to performing tributes in their name. This could indicate that
units and playable characters that seem lively play a signi cant role in creating a
narrative that makes sense for the players, as they are prompt to form emotional
attachment with their units.

The 'family tree' system as well as the unique personality trait attachment are
emergent narrative techniques best applied to games where the players manage large
numbers of characters, like strategy games in which you are called to make decisions
that will a ect your unit and also other NPCs who are close to that character. Every
choice the player makes can signi cantly a ect how the story progresses, as it will
de ne the behaviour of units in future gameplay.
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3.4.2 Story Artifacts

Story artifacts are objects and items in the game that carry important information
and history. This information can be revealed to the player either upon inspection of
the object, for instance written in a Ul panel, or by interacting with it and nding
out its story piece by piece. Gustafssost al. [59] refer to story artifacts as objects
connected to a particular story event that took place in the game world and led to
the production of this object. Taking this a step further, they explain that these
kind of objects can be created from an automated system that connects the player's
actions with an item that is on play at that moment transforming it into a 'story
artifact. As a simpli ed example, this can mean that if the player has a sword which
has used to kill a thousand ogres, then this sword can acquire the trait of being very
e ective against ogres and be named 'Ogre Slayer' for instance.

Regardless of how this item acquired its history, either prede ned from events that
happened before or by assigning it dynamically based on player interaction with
the world, 'story artifacts' can give rise to emergent narrative not only revolving
around the speci ¢ object but it can also add meaningful details about the world,
past events and the state of an item.

3.4.3 Equilibrium Loops

An 'Equilibrium loop' is a systemic approach in visualizing balanced systems in game
design. Chiapello [61], based on Rosnay [62]'s work, presents a model to demonstrate
how a system can maintain itself forever in a dynamic world if nothing disrupts it.
This model uses the in nity symbol to describe the whole life cycle of a balanced
system. To better understand this, we borrow the gure from Rosnay [62]'s original
work, 'The Macroscope', the regulation of the size of the mice population in their
struggle to obtain food.
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Figure 3.1: Rosnay [62]'s equilibrium loop of the mice population regulation system

Although Rosnay [62] talks about equilibrium loops as a means of describing any
system in the physical world, Chiapello [61] adapts the theory of equilibrium loops
to game design to represent the way a gameplay system can maintain its balance
similar to a real one. Designing such a system which can maintain itself, change and
adapt based on certain triggers and nally return to its initial state, like the mice
population example, can work in favour of emergent narrative in games.

In a way, every equilibrium loop tells a story that progresses on its own. In a
well-interconnected, dynamic world where every small interaction can trigger certain
reactions, the equilibrium's balance could be disturbed, and that could lead to
emergent gameplay and stories beyond the designer's expectation.

3.4.4 Anity System

The 'a nity system' is an autonomous agent often found in many games in di erent
formats and is used to measure and handle the relationships between characters.
Méndezet al. [63] presents a list of systems that manage a nities between between
characters to create emergent stories in various media types from TV, movies and
interactive virtual environments.

Although each a nity system may di er from others, the common denominator is

the existence of an autonomous agent that has knowledge of the basic plot, assigns
the a nity levels among the characters and NPCs based on the plot and manages
changes in their relationships following player actions, responses and decision making.

17



3. Methods

Usually, an 'a nity system' measures the relationship levels between two entities by
dividing in several segments with "neutral” in the center, "enemies" on the negative
side of the scale and "friends" on the positive one. The relationships between two
actors can then be a ected by any interaction between the two. The system will
calculate the outcome of the interaction and intervene by introducing new narrative
content, giving the player a new goal or declining the player from performing certain
actions. Games can gain strong narrative content from a nity and relationship
systems as they elevate interaction with NPCs and can create di erent dynamics
such as con icts, love or hate among the characters. These narratives can stand
either as side story to the main plot or a ect the game's story in multiple ways based
on player's past choices.

The gure below shows the process the system follows to decide on the relationships
between the MC and an NPC.

Figure 3.2: A nity system logic adapted from Méndezet al. [63]

These kind of systems are typically found in games that include many characters,
NPCs and deep branching narratives, usually MMOs and RPGs. Some noteworthy
mentions of games that make use of such systems are Mass E ect, Dragon Age,
Stardew Valley, Persona, Fallout, Xenoblade Chronicles and many more. These
a nity type systems let the story and characters grow and form relationships that
shape the story in unique ways.

3.4.5 Drama Management

One of the challenges when designing interactive experiences, such as video games,
Is nding the right balance between player freedom and authorial design [64]. This

Is important because having too many pre-scripted narratives can negatively impact

a player's interactivity [46], while relying solely on the player as an author can lead

to unsatisfying narratives [1]. In addition, there is a need for systems that are able

to react according to the player's actions [64].

To address this problem, early systems relied on local triggers , which allowed for
speci ¢ player actions to in uence the narrative [64]. These are event-condition-action
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rules embedded in the game world, and when the player satis es the condition
(e.g., entering an area, manipulating an object), the trigger's action executes (e.g.,
spawning an NPC, playing a cutscene, etc.). However, as their name implies, they
operate locally, meaning each one concerns only a narrow slice of the environment,
without global awareness, which also means that they cannot scale well [64].

A popular solution to this is to incorporate a drama manager into the system [64].
At its core, a drama manager is an invisible director embedded within the game
world that continuously monitors the evolving state of the story, including player
decisions or world events, and decides when and how to intervene. By doing so, the
manager pushes the narrative toward the predetermined goals, while still allowing
the player to in uence the world.

There are three broad approaches to drama management: a centralized model, a
decentralized, and a more emergent one [1]. In a centralized approach, a single,
omniscient manager maintains a global view of the state of the world and uses complex

planning to select interventions that preserve a dramatic tension and coherence as

described above [64]. In contrast, decentralized drama managers distribute narrative

logic among individual characters or agents, each of which can trigger story-relevant

actions [1]. Finally, the emergent approach does not rely on an external manager

and it allows characters to act autonomously based on their simulated behaviors [1].
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Planning

4.1 Overview

The purpose of this thesis is to explore ways gamers can create their own stories
in their gameplay by interacting with various systems in the game that are well
connected to each other and can alter the outcome of the player's actions. To do
that, we rst need to delve into concepts like emergent narrative and systemic game
design or system-driven games. To know these concepts in depth, it is imperative, as
a rst step, that we research into their meaning, their past use in existing games
and how can they be used to deliver impactful experiences to the users.

After the main study of the topic has been completed and we have gathered enough
intelligence on the matter, we aim to design and develop a video game which will
serve as a prototype to test all the di erent components and features in real time.

The game will make use of di erent interconnected systems in hopes of creating
emergent narratives, unique for each user.

We expect this rst version of the game to enlighten us regarding the best practices
when using such techniques and bring forward elements that we need to reconsider,
change or add as we go on with the developing process. At the next stage, we are
going to re-iterate our original design, do further testing and develop a new, updated
version of the game.

Finally, once we reach an adequate level of emergence through system interaction and
we have collected enough material from our test users' experiences, we will analyze
and discuss the results, as well as reach a conclusion and future work section, if our
ndings permit it.
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Figure 4.1. Gantt Chart of Project Timeplan

Figure 4.1 shows the Gantt chart with the initial timeplan of the project. On the
left side, all the research and development phases are listed. On the top there is the
time frame of the whole project, taking up 125 days, from January 25th when the
thesis started until May 30th which marks the end of the project. The orange bars
depict the starting date, end date and duration of each individual task.

It is extremely important to note that the timeplan shown above is supposed to
be exible, created to guide this project to completion while maintaining a balance
between the development stages, but is susceptible to small changes in deadlines
or milestones in case of unforeseen and unexpected delays. The main parts of this
thesis will undoubtedly be performed although minor limitations in time or resources
might occur, which could lead to reevaluating some of our requirements and the
restructuring of our project timeplan. The whole process is planned to be carried
out iteratively, meaning that the features introduced in one development phase are
carried to the next phase for further development and re nement after testing with
users. Each of the development stages are carried out in sprints of approximately
two weeks, following the agile development protocol.

4.2 Research
The rst task of this project was the literature review and gathering of the material

on which this thesis will be based. Studying and analyzing will be a task that will
accompany us during the entire process of developing and writing of the report. It
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is expected that new information can arise at any point, thus we need to be ready
to adjust, reimplement or con gure any existing elements based on newly found
information from our continuous study. There are some speci ¢ topics that we needed

to research thoroughly and in advance, in order to Il the planning report and set
the basis of our design. Those research areas were narrative design and systemic
design, both on theoretical and practical level and also game design methodologies
to help us identify how we want to approach this research. After the basic study
and literature analysis was performed, the planning report is submitted.

4.3 Design

Now that the we have a solid plan as to how to approach this project and what
methods we want to use, the next step is to design a framework of the systems and
interactive narrative techniques that we will be using in the game's gameplay. Within
this framework, we will de ne the characteristics and attributes of each system, the
relations between the systems and the environment and also the desired outcome from
the interaction with each one of them. To display all that interconnectivity, we could
utilize prototyping techniques such as sketching, diagrams, wireframes, storyboards or
any known prototyping tool. We could say that this theoretical framework could work
as a palette with many options we can choose from to implement in our prototype
video game.

4.4 Development Software and Tools

For the practical part of this thesis, we are tasked to develop a small video game
in which we will try to incorporate the ndings and insights of our research. The
main platform in which the game will be built, is Unity game engine in its most
recent LTS version. Building the game, our focus would primarily be on setting up
and enabling all the interconnected systems, de ning relations between game agents
and components, testing the behaviour of each element and generally emphasize
on how to design for emergence through gameplay. For this reason, we cannot
guarantee the aesthetic appeal and polished graphics, given also the limited time our
planning provides. However, we recognize the importance a re ned environment and
carefully designed assets can play, especially in conveying a narrative or unfolding
a story, which is the main goal of this endeavor. Thus, free or even some paid
assets from Unity asset store, or other third-party stores might as well be used to
complement our design. In any case, the creators of any asset used in our game will
be credited. Other tools that might be used to edit or create additional assets for the
game could be Blender, Adobe Photoshop and Adobe lIllustrator. Furthermore, to
enhance emergence and randomness as well as minimize uniformity in the game, we
can potentially utilize some generative arti cial intelligence tools. Some uses of Al
could be for generating assets such as images or decorative content, NPC characters,
dialogues or even con guring some environmental pieces.
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4.5 Development Phase 1

4.5.1 First Prototype

Phase 1 initiates the implementation of the theoretical framework we came up with.
The rst stage of development scopes to create the rst iteration of a playable
prototype game, which we call 'Space Entropy' and that will include, aside from the
main logic of the game itself, a number of mechanics and features for the player to
use as a means of reaching the objective. These mechanics will constitute the rst
set of interconnected systems applied to the game.

45.2 First User Test

Once the rst version of Space Entropy is complete, we will conduct several playtesting
sessions with real users who will play the game. Our aim during these rst playtesting
sessions will be to gather information about the concept of the game and the
feeling it transmits to the player and, subsequently, to test the e ciency of the
incorporated systems. The level of connection between the mechanics, dynamics and
aesthetics, from the MDA model of game design introduced by Huniclet al. [65],

will immediately point out how well the systems stand in the game world and how
much of an impact they induce to the experience. The tests will include observation
of the users as they play the game, followed by open ended discussions and possibly
some semi-structured interviews. In addition, based on previous research, we came
to the conclusion that it is often quite e cient for the researcher to let the players
express their thoughts and feelings at their own pace and without pressure. For this
reason, we are considering implementing a way in which users can share in-game
events the instance they occurred. This, of course, presupposes the existence of an
integrated system that enables this kind of communication of game content with
the real world. The testing phase is always very important as it will provide the
necessary knowledge we need to proceed to the next iteration.

4.6 Development Phase 2

4.6.1 Second Prototype

With all the insights collected from the rst development phase and feedback from the
user tests and the basic game logic already set up, we will continue the development
process. The second development phase not only carries on with the introduction
of the next set of systems, but, as the iterative process dictates, existing feature
and mechanics are going to be re-evaluated and further developed or changed in
accordance with our user feedback. This is the biggest di erence from the previous
development phase and will continue until the project is completed.
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4.6.2 Second User Test

Once again, after the second development phase is completed, playtesting sessions
will be held to gather information about the new implemented systems and test
the changes in the previous ones with users. Based on our experience with the rst
playtesting period, we are going to keep the same test process or make changes in
case we want better results.

4.7 Last Development Phase

4.7.1 Final Prototype

This is when we start working on the nal iteration of the game, we add the nal
set of gameplay systems as we re ne the existing ones like we did in the last two
development phases. At this point, we should have a clear view of the expected
outcome of this experiment and the competence and adaptability of the emergent
narrative framework in question.

4.7.2 Final User Test

The nal test with users will provide us with some last insight on the completed
project and indicate the last steps to take before delivery.

4.8 Project Finalization

The goal of this stage is to take some time to nish and polish the game as much
as we can, focusing on the systems rst. This should be a shorter period in which
development is limited and we do not make signi cant changes or make big decisions,
since we will not have more room for testing. The development will then stop after

a couple of days, which will mark the release of the project.

4.9 Report Writing

By now, we should have collected enough data to reach a conclusion about our
research question. We will then write our conclusions and talk about our research
ndings and results in the nal report. We will present and analyze the outcome
of our research and practical work on the game as well as the users' point of view
in a formal manner. In addition, we will include documentation of the design and
development process, and also player interaction and potential stories, narratives, or
highlights will be included to showcase the impact of the system interaction on the
narrative emergence. Lastly, further research and future work will be discussed if
necessary.
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Process and Execution

5.1 Literature Review

The area of concern for this thesis is, of course, game design and narrative emer-
gence through interactions with gameplay systems. The literature review has been
conducted from the very beginning of this report, with resources related to game
design, game theory, narrative in games and other media, systemic approaches on
games and emergent storytelling being some of the topics worth researching. These
studies led us to the formation of our research question: What enables emergence of
non-scripted narratives in games?

From the given research question, it is apparent that the focus is divided into two
main areas of interest.

The rst eld of research to which we must pay attention is how to o er freedom

to players so that they can create their own narrative which we, as designers, have
not designed in advance. When researching players or individual behaviour, the
best method to follow is observation of the player and his/her interactions with the
systems of the digital environment rather than interviews. This is helpful for research
design as it gives an honest and true impression of how players engage with the game
and the environment and makes it easier to design for such emergent content.

5.2 Making a Prototype

5.2.1 Ideation

The ideation phase started with a focused brainstorming session aimed at generating
concepts that could take advantage of systemic design and lead to emergent narra-
tive. The process began by exploring di erent genres, settings and mechanics that
prioritized player agency and interaction with the game world.

Our rst idea was a fantasy sandbox game played from a rst person perspective. Set
in a medieval world, the game featured three major factions-Elves, Dwarves, and Orcs-
each with distinct behaviors such as patrolling, ghting and mining. These entities
would interact dynamically with a set of secondary systems like wildlife, ora, day-
night cycle, e.t.c. As these factions were at war, the player's goal was to nd ways to
bring peace among them by interacting with the available systems. While this concept
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o ered a rich amount of interactions which could lead to unexpected outcomes and
story developments, its expansive scope and complexity posed signi cant challenges
in terms of development feasibility.

Next, we created a second concept centered around the role of lighthouse keeper.
This idea aimed to explore emergent narrative through the lens of isolation and
routine. Set on a remote island, the player assumed the duties of maintaining a
lighthouse, ensuring its lantern remained operational to guide ships safely. The
gameplay involved tasks such as repairing broken mechanisms, gathering resources,
and managing lighthouse's functionality, with the player's actions-or inactions-having
consequences. For instance, neglecting maintenance could lead to shipwrecks which
in turn could harm voyagers, but also potentially introduce new characters to
the island as survivors who might seek shelter, o er assistance, or present new
challenges (i.e. by having injuries that need treatment). Finally the island's dynamic
environment, including changing weather conditions and day-night cycle, introduced
unpredictability and challenges to the player.

Although the idea about the lighthouse keeper was relatively restricted in scope, we
wanted to focus more on exploration and experiencing the environment rather than
having a clear objective, allowing players to immerse themselves in the world and
create stories on their own. This approach led us to our nal idea of a sandbox game
set on a deserted planet where the player's role and objective were not explicitly
stated. The game emphasized open-ended exploration and interaction with the
environment, encouraging players to discover, collect and study specimens from a
diverse array of plants and materials. Unpredictable events, such as meteor showers,
was also part of this idea, adding an element of surprise while exploring the planet.

Ultimately, we concluded that the space sandbox game concept aligned more closely
with our goals for this research and was also more feasible within the available
timeframe.

5.2.2 Prioritization

After the theme and speci ¢ genre of the game had been decided, we had to specify
the criteria we wanted to meet once the project is nished. We de ned various
gameplay systems, narrative techniques, game elements, optimization and quality of
life features and used the MoSCoW method to prioritize the requirements for each
sprint separately and for the project in total. The requirements were categorized
into four levels, Must have, Should have, Could have and Won't have, according to
the MoSCoW protocol.

Originally, we came up with many gameplay systems that, based on our hypothesis
and devised framework, would work toward an emergent narrative through gameplay
and interactions. However, given the time limitation and complexity of the prototype
and mechanics, we ended up changing the priority levels of some of our requirements
and adjusted the game accordingly to t our needs as best as possible. Four descriptive
tables with the MoSCoW prioritization of project requirements are presented below.
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Must Have Description
First-person Controller | The main component for controlling character movement
Content-rich World A diverse game world infused with interesting objects

Random Events Events triggered by chance or as a conjuncture of another
interaction
Interaction System | A system for the player to interact with objects in the
world
Inventory A system to store and access collected items

No De ned Obijectives | A sandbox type game where there's no linear guidance
Adaptive Environment | The world needs to react according to player actions
Threats / Enemies Elements and entities which can hurt the player
Audio-visual Feedback| Audio and visual cues need to follow any new interaction
and reaction

Table 5.1: MoSCoW prioritization of Must-have requirements

Should Have Description
Story Artifacts Items that carry a backstory, history or special
abilities
Crafting The ability to create new items by combining

existing ones
Procedurally generated Content New objects appear, either randomly or as a
chain reaction

Drama Managers Systems able to create emotional or intriguing
situations
Equilibrium Loops Systems that maintain their balance if nothing

disturbes them

Table 5.2: MoSCoW prioritization of Should-have requirements

5.2.3 Development Phase 1

Having decided on the theme, genre and scope of the game as well as having all
requirements in order, we entered the development phase. The game we had chosen
to make is a 3D rst-person sandbox game set on an isolated planet with a focus on
exploration. The rst steps we needed to take were to set the base of the gameplay
by creating the rst version of the setting and to structure the basic logic and
interactions.

5.2.3.1 Character Controller

Before start adding all the emergent narrative systems and components, we need to
have a functional character controller for players to control their character and move
around the map. As we wanted to make a game that uses a rst-person perspective
in three-dimensional space, we began by making a rst-person controller giving
players the options to walk, run, jump and crouch. In addition, to better simulate
the conditions on the surface of a foreign planet, we tried to add low gravity, bounce
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Could Have Description
Building A system to build structures and tools from gath-
ered resources
Conict The possibility to encounter signs of battle be

tween NPCs

Log/Diary System

A system that notes the players actions and pra
vide hints

Minimap

A map of the world that enhances navigation

Asynchronous Communication

Players can leave messages to each other

Upgrade System

A system that lets players increase their stats

Environmental Storytelling

Telling a story from changes and additions in the
environment

Sharing Option

The ability for players to share in-game content

Table 5.3: MoSCoW prioritization of Could-have requirements

Won't Have Description
Co-Op The option for more than one player in a session
Unit Management | The ability to control other NPCs or entities
Dialogues Any kind of communication with NPCs, written or audible
Fighting Combat with enemies or NPCs

Progress Tracking| A system that tracks the player's progress

A nity System A system that creates and manages relationships among tl
NPCs and MC

Table 5.4. MoSCoW prioritization of Won't-have requirements
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after jumping, and momentum on the character's movement.

We believe that the choice to proceed with a game that is being played in a rst
person perspective adds signi cantly to player immersion as he/she is not just a
distant observer but is experiencing everything through the eyes of the character.

5.2.3.2 World Creation

Once we had our controller and the character came to life, we needed an environment
where the player can navigate and explore. We started by making a small, temporary
map which we would expand and alter in the next iterations. The way we have
envisioned the world was a dark, big open space with many di erent environments,
from rocky and desert-like landscapes to lush forests, caverns, snowy mountains,
freezing and hot areas. Each of these areas would have its own set of unique specimens
to provide and ultimately convey a di erent vibe and feeling to the players.

At the center of attention, we wanted to have a space station that plays the role of a
safe place or the headquarters for the player's research. This station is where the
player uses all the equipment to gain knowledge from all the collected specimens.

Figure 5.1: The player's base station

At this stage, our map was only half the size of the nal one and included only three
or four di erent areas. The level design was also very simplistic and lacked detail.
As for the content on the map, the specimens with which a player can interact were
several kinds of di erent rocks, a couple of trees and some plants.
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Figure 5.2: The rst version of the map with some rocks, trees and plants

5.2.3.3 Story Artifacts

Story artifacts are objects with unique traits that carry some history. We have
talked extensively in a previous chapter about them and here we make use of this
method to give unique characteristics to every specimen in the world in hopes that
the objects' background history can evoke interesting narratives. This is the rst
emergent narrative technique we utilized in our game as we considered the specimens
to be a major factor gameplay-wise and in story creation.

At rst, we designed a system that assigns these traits dynamically to each specimen
and gives them a description and a history. In this way, the backstory of an object is
completely random in every playthrough and the chance to run into the same object
with the same description is minimized radically.

The idea behind this system was that the respective object would acquire its descrip-
tion and history when it is created. This information will be hidden from the player
until he/she interacts with it and collects it. Then by performing an action we call
'Scan'-we talk about it in a next section- the object's history is revealed to the player
along with potential hints as to how this object can be used. The way this method
works is by having a dictionary with potential pairs of descriptions and backgrounds
which the objects read from and pick one randomly to assign to themselves. One
problem that occurred with that system is that because of the randomness we can
not control the coherency of the backstory story with the actual in-game conditions.
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Figure 5.3: The descriptions of a two di erent, gathered specimens

Figure 5.4: The history of one of the pebbles
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Figure 5.5: The history of one of the ower blossoms

5.2.3.4 Interaction System

As part of the game was to allow the player to interact with the game world, we
developed a modular interaction system to handle any interaction. Speci cally, we
used this system to interact with all the available objects that provide specimens,
the specimens themselves, and any machinery we have included such as the scanner
and the crafting monitor. As a result, players can approach any specimen-providing
object or in-game machinery, and the system will show them information about what
they are currently looking at as well as a prompt related to the action they can take
(i.e. pick up, activate, e.t.c).

To implement this system, we used Unity's Raycast to cast a ray from the player's
camera into the game world. This allows us to detect objects that the player is
looking at within a speci ed range. When the ray intersects with an object, the
system checks if that object has an associated interactable component. If it does, the
system displays any relevant interaction prompts to the player. If the ray does not
hit an interactable object, or if the player looks away, the system resets the current
interactable state and hides any interaction prompts. Each interactable object can
be set to allow either immediate interaction with the object or requiring the player
to hold down the interaction button for a speci ed duration to perform the action. If
the object requires holding the button, a progress indicator is displayed, showing the
time remaining until the interaction is completed. Additionally, interactable objects
that the player can collect can be designated as either Pickable or Lootable.
Pickable objects are those to be collected directly, while lootable ones represent
container objects that contain other objects to be collected.

To obtain the necessary data for displaying the interaction information of each object,
we created two main categories of interactable objects using Unity's scriptable objects.
The rst category consists of objects that require basic activation, and only include
details such as the object's name and the corresponding interaction prompt. The
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second category extends the rst by incorporating additional attributes, such as a
description, historical context, an icon for visual representation, and a prefab for
in-game instantiation. Thus, the second category is used for objects that the player
can collect and the extra details are used in other areas of the game, such as the
inventory system and the scanner.

5.2.3.5 Inventory

Allowing players to collect specimens created the need for having a storage system, so
we developed an inventory system to store and use them after collection. The system
works by tracking collected items, grouping duplicates into stacks, and providing
methods to add, remove, or use specimens as needed. It also supports item-speci c
behavior, such as usability or consumability, by checking if each collected item
contains the corresponding component. All the data required for displaying and
managing these items, such as the item's name, icon, and prefab, is obtained from
the scriptable objects described in the 5.2.3.4 section.

Whenever a specimen is collected, the system noti es the corresponding user in-
terface(Ul) to update accordingly. In the inventory Ul, players can see each item
in its designated slot, which includes a stack number indicating how many of that
item they possess. By clicking on any of the slots, players can view the name of
the collected specimen within that slot. We intentionally chose not to display the
specimen's description, encouraging players to scan the items in-game to uncover
their background and capabilities-or simply to use them and discover their function
through interaction. Lastly, the Ul contains three buttons-Use, Consume, and Drop,
which are enabled or disabled based on the capabilities of the selected item. All
items are droppable which instantiates the item as a physical object in the game
world.

5.2.3.6 Scanner

After the player has interacted with objects and collected specimens, he/she needs a
way to analyze them and nd out their history and what they actually are, if they
are useful in any way, if they hide any lead for the story and so on. This operation
is handled by the scanner. The scanner is a device inside the base station which is
used to scan the selected specimen and provide the player with information after the
analysis.
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Figure 5.6: The scanner device located inside the base station

The way the scanner works is by communicating with the inventory system, which is
used to store all the items that the players collect, and create a list with every single
object type that is in it. The player then can choose one item from the list to read
the description and place it for scan by pressing the 'Analyze’ button. The scanner
will then project the desired information on the screen.

Figure 5.7: The list of gathered specimens in the scanner Ul
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Figure 5.8: The scanner provides the player with the specimen's history

This concludes the development cycle of gameplay systems for the rst iteration of
the game.

5.2.4 Development Phase 2

5.2.4.1 Map expansion

On the second iteration we dedicate a lot of e ort to design and expand the existing

map, making it bigger and adding more areas with unique materials, interactable

objects and one-of-a-kind environmental elements. The new map hosts nine distinct
areas in total where variants of di erent rocks, trees, plants, rivers, lakes and

dangerous traps are placed.

We put a lot of emphasis on the level design at this stage, to have an almost complete
map before the nal iteration because in this way we could better de ne what events
can happen in the world, how the world can be a ected and where can we place
several specimens as we want these objects to have a connection with their area of
origin. Another change we did in our design plan was that all the specimens are no
longer scattered randomly around the map, but each type of di erent specimen can
only be found in carefully placed spots. This change is meant to carry a meaning
about each areas conditions and possibly create some expectations to the player.

Some of the new areas with their respective vegetation and specimens are showcased
below.
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Figure 5.9: A calm valley with dense growth

Figure 5.10: A frozen landscape with snowy mountains
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Figure 5.11: A scorched land with very high temperature

5.2.4.2 Items have special powers

In the previous section, we talked about story artifacts and how they carry a
background story that sometimes gives those items a special trait. At rst, this was
only written as a story as a means to build a narrative in the imagination of the
player revolving around the object. Now it was time to add some action to these
items.

First of all, the way we assign the descriptions and histories of the specimens changed
based on player feedback and our personal belief that randomness will not work at
this level as objects and their stories sometimes appear to be discontinuous. Having
said that, the items needed to display their abilities based on the respective backstory.
As a rst step, we have two categories of items with e ects, the 'Usable’ items and
the '‘Consumable’ items. The usables are items you can equip and use as long as
you hold them, like the 'Sunstone’ which can be used to light the way or items that
the player uses only ones and have an e ect. An example of such an item is the
'‘Songbird Blossom', which has the power to sing a soothing melody that tames any
nearby creature. As for the consumables, these are items that the player consumes,
as implied by the name, and they give the character temporary or long-lasting e ects.

Two scenarios, one for each category of items are presented through the images
below.

1. Usable item
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Figure 5.12: The player learns about the rock's power from the scanner

Figure 5.13: When the Sunstone pebble is selected in the inventory's Ul, the option
to use it is enabled
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Figure 5.14: The player is using the rock to light the way

2. Consumable item

Figure 5.15: The scanner reveals the secret ability of this leaf
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Figure 5.16: When Rosy Velocity is selected in the inventory's Ul, the consume
option is activated

Figure 5.17: The player consumed the leaf and gained the ability to run faster for a
limited time

Implementing each and every one of those item functionalities can be considered as
a separate gameplay system in the game that can be exploited in di erent ways for
di erent playthroughs and since most of these systems are interconnected, can easily
lead to surprising outcomes.
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5.2.4.3 Crafting System

In video games, a crafting system is a set of game mechanics that allows players
to create, modify, or enhance virtual objects and items within the game world [66].
In our game, we developed a crafting system that allows the player to combine the
collected specimens to create new items which provide new abilities. To initiate the
crafting process the player needs to interact with the dedicated crafting desk, located
in the space station described in section 5.2.3.2.

Upon interaction, the monitor on the desk activates, displaying three slots: two
for input specimens, and one for the output item. As the monitor is positioned in
the game world, players can navigate the interface using their mouse as if it were a
touch screen. When the crosshair hovers over a button on the monitor, pressing the
left mouse button simulates a touch, activating that button's function. To assign
specimens to the input slots, players can look at an input slot and rotate the mouse
wheel. The rst rotation will assign the rst specimen from their inventory to that
slot, and subsequent rotations will cycle through the available specimens, allowing
players to select the desired items for crafting. When the player presses the Craft
button, and if an item can be crafted, the icon of the newly crafted item appears in
the output slot. Additionally, the physical object will materialize on a machine next
to the desk, ready for collection.

In order to create a new item, the system must have the corresponding recipe
available. A recipe contains the materials required as inputs, including their types
and quantities, as well as the resulting output. Grovet al. [66] suggest that crafting
can promote experimentation; therefore, we chose to keep the recipes hidden from
players, in the belief that discovering the combinations by themselves could not only
increase player engagement but also provide more space for emergent events.

5.2.4.4 Equilibrium Loops

In the process of enriching the world with various interconnected objects, some of
whom have special traits, we also attempted to incorporate environmental elements
that work as systems with a life cycle capable of maintaining its state or altering
it according to environmental variables. We refer back to the methods chapter, in
the section about equilibrium loops. 'Equilibrium loop' is a broad and philosophical
term borrowed from Rosnay [62]'s attempt to describe how we perceive the elements
that make up the world and the world itself. Similarly, we can adapt this theory
for a virtual world like in video games. The way we see equilibrium loops in 'Space
Entropy’ is like a system with two switches that regulate the ow of data towards
two extreme states, similar to how a negative and a positive feedback loop would
work. This switch that changes the state of the respective system when its turned
on or o can be triggered either from the player's actions or from variables that are
independent from the player making the whole system semi-autonomous in function.
Concisely, an equilibrium loop is a system that can maintain itself if nothing disturbs
it.

As an example of an equilibrium loop in our game, we have every liquid surface in
the map, rivers, lakes, pits and ponds. Every uid in the game can either be frozen
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or in a liquid state. There are certain materials that the player can acquire that are
either very hot and can melt a frozen liquid surface or have the ability to freeze it.
When such a material comes in contact with the liquid, it will reverse its current
condition. For example, when the extremely hot rock is near a frozen lake, it will
melt it, and when the freezing leaf is dropped inside the lake, its waters will freeze
again. Furthermore, some of these lakes and pits have traits of their own; a pit can
have radioactive properties, for instance, it is clear that the player does not want
to fall inside this toxic liquid. When a surface is frozen, any character or NPC can
walk on its surface without taking damage or being a ected by its consequences.
This feature can work as a way of creating shortcuts, changing the world to one's
advantage or enabling alternative gameplay options.

Figure 5.18: Equilibrium loop of water state in a lake adapted from Rosnay [62]

Through this process, our goal was to tell a story about the life of those living
landscapes or create interesting scenarios from the gameplay that emerges from the
interactions with the system. The images below depict the in-game scenario we
described above.
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Figure 5.19: The water in the lake is owing gently

Figure 5.20: The lake freezes when the leaf is dropped in the water
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Figure 5.21: The lake returns to the liquid state when the heat emitting rock is near

5.2.4.5 Meteor Showers

The last feature we added for the second iteration was the 'meteor shower system.
This is a system meant to introduce an element of surprise as something that happens
randomly without the player knowing where or when it will happen. The name of
the system is very descriptive of its nature. It is in fact the random event of meteors
falling from the sky, crashing on the ground, leaving fragments that release new
resources and materials in the environment. The purpose of such systems that rely
on chance, like the meteor shower, is to create, for the rst time, the impression of
immediate danger and uncertainty to the player. The meteors can not only harm
the players if they fall onto them but they can also establish the ground for new
narrative potential due to the fact that the players now need to be more cautious
and sequentially they might try to explain this phenomenon in ways we have not
imagined.
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Figure 5.22: The meteors falling on the planet's surface

5.2.5 Development Phase 3

5.25.1 Enemies

In the third and nal development phase, the biggest change in the game was the
introduction of enemy entities. Currently, there is only one type of enemy which can
be found in speci c places and interacted with in multiple ways. The enemy type
NPC has a basic routine which consists of walking around the map and changing the
location it operates at. If the player happens to pass by that area and gets noticed
by the enemy, the enemy will perceive the player's presence as hostile and will start
chasing him until he/she reaches a safe distance away from it. There are several
ways in which a player can engage with an enemy. At the beginning of the game,
players would be vulnerable and prone to random attacks by enemies. However, as
they explore and uncover objects or craft items, they might discover that there are
ways to interact with the enemy entities. Depending on what items they have in
their possession, there will be the option to attack the enemy with devised items
that do damage to organic life, create objects that protect against attacks, tame the
enemy or lure it somewhere. The same actions can be performed to every living
entity regardless if its hostile or not.
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Figure 5.23: The player makes contact with the enemy

Figure 5.24: The enemy attacks the player
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Figure 5.25: The player tries to damage the enemy with re

The addition of enemies in the game world aspires to add another layer of uncertainty
and perhaps give a survival tone to the gameplay and evoke feelings of anxiety and
fear for the unknown. The existence of enemies is used as a tool to enhance once
more the narrative potential and gameplay emergence, as it can pose a big factor in
altering how players manage their inventory and how they choose to navigate. There
is extra reason now to be even more careful about what step to take knowing that
they are not alone on this planet. How the story will progress from there is entirely
left on the player's perception of the situation.
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5.2.5.2 Event Manager

As we discussed in section 3.4.5, there are several approaches to implementing
a system for drama management. For this game, our approach builds upon the
traditional event-condition-action paradigm by expanding its capabilities, a system
we called Event Manager.

In order to operate, the Event Manager needs to be provided with a set of event nodes
intended for execution. Each event node encapsulates one or more conditions that
must be met, along with the event action to be triggered when those conditions are
satis ed. Additionally, each node can be con gured with a probability parameter,
which determines the likelihood of the event being triggered, and a trigger once
boolean that indicates whether the event should only be triggered a single time. If
this boolean is set to false, allowing the event to repeat, there is also available a
cooldown variable in order to specify the duration that must elapse before the event
can be triggered again.

Moreover, this system works in coordination with a Player Behavior Tracker
component, which can be used to capture data on player activity. For example, it
can be used to track player location, item collection habits, or other interactions
within the environment, which can then be used as conditions for triggering speci c
events.

As an example of the system's potential for supporting emergent narrative, we can
monitor the player's distance from the space station. If the player is su ciently far
away, which needs to be set as a condition when con guring the event node, we can
trigger a meteor shower (or increase the probability of happening) event to increase
tension as they nd themselves exposed and away from shelter.

Lastly, it is possible to assign chained events which allows one event to activate
subsequent nodes to create branching or sequential narrative structures.

5.2.5.3 Finalizing the prototype

Towards the end of the development phase, we devoted plenty of time to address
some details, x game breaking bugs and o er ease of use and quality of life features
for our playtesters and future players. Some of the major changes and addition in
the third iteration were the inclusion of audio and sound e ects, the reskinning of
Ul, proper lighting of the environment and points of interest, visual feedback for
certain actions and overall embellishment of the environment and interactions.

The following screenshots show various instances of the nal version of the game.
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Figure 5.26: The interior of the nal version of the base

Figure 5.27: A page that informs the player of all the available controls
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Figure 5.28: An instance from in-game exploration, showing that the player is
crouching

Figure 5.29: The player is trapped inside a radioactive pond, taking heavy damage
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Figure 5.30: The nal version of the desert area

Figure 5.31: An updated version of the inventory Ul showing collected materials
with their respective information and options
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Figure 5.32: Meteors falling right above the player. A Ul icon informs the player of
the danger.

5.3 Data Analysis

As we mentioned in a previous chapter, we plan to use the ad-hoc interviews, in our
study, by observing player behaviour throughout the whole development and testing
phase along some semi-structure interviews in the form of informal discussions with
the participants. Later on, we might consider the use of structured interviews as well,
in order to collect statistical data for our results section. In addition, questionnaires
with questions about player preferences and expectations can provide useful insight
to help us understand the audience and their wants and need.

Before evaluating the data collected from the players, we want to categorize the
player types of the participants to correlate this information with the outcome of
their experience with the game. To do so, we include a questionnaire based on the
Bartle taxonomy of player types. As Bartle [67] de nes it, the taxonomy of player
types is a classi cation of video game players according to their preferred actions
within the game. According to this theory, players are divided into four categories:
Achievers, Explorers, Socializers, and Killers. The questionnaire will have the form of
a test, as created by Andreasesrt al. [68], who based their work on Bartle's theory,
containing a series of questions and a scoring formula. With this test, we will be able
to categorize our player base and make strong arguments about player psychology
within the context of our prototype.
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5.4 Testing

We conducted three playtesting sessions in total, each testing additions of new
features and optimization of existing ones based on the previous feedback. The
playtests had the form of open-ended discussions during and after the gameplay with
a following semi-structured interview where we would ask the questions based on
their actions or comments and towards the appearance or lack of emergent narrative
in the game. Some of the most frequently asked questions were: What do you think
is the purpose of the player in this game? , What do you think is happening in this
game world? , Can you tell us about the origin of your character? , What was
the most interesting thing you found out during play? , Did anything unexpected
happen while you were playing? , Could you create a story from your player actions
in the game?. The users had little guidance and explanations from us on their
playthrough, mainly because the focus was on them creating their own narrative
without us a ecting how they feel about the game.

5.4.1 Playtest 1

5.4.1.1 The Bartle Test

Before testing the rst iteration of 'Space Entropy', we prompted each participant

to take the Bartle test by answering a set of given questions. The questionnaire
had 30 questions in total from which the participants could choose between two
possible answers. The Bartle test was developed in 2000 by Erwin Andreasen and
Brandon Downey, Andreaseret al. [68] explains, in an attempt to categorize gamers
based on Bartle's taxonomy of player types. This technique has been used in several
researches over the years, including Schneidgral. [69] to analyze player pro les
when designing with multiple target audiences in mind. Bartle [70] divides players
into four distinguished categories:

" Achievers: These players aim on winning the game and do as many activities
as possible within the game world in their striving to master the game. As
Bartle puts it, Achievers are interested in acting on the world.

Explorers: Focus on exploring and discovering every inch of the game. Explorers
are interested in interacting with the world and being surprised by its secrets.

Socializers: Players who like to socialize through games and make a network of
contacts. They enjoy the interaction with other players more and see the game
environment as a means to nd new companions.

Killers: Focus on winning by means of direct competition. These players are
proud of their ghting and combat skills and like to show that to other players
or NPCs.
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Figure 5.33: Graph of Bartle's player taxonomy (adapted from Bartle [70])

In the context of our research, we used the Bartle test to de ne the taxonomy of
gamer types among our playtesters. This would help us correlate the player type of
each participant with their respective feedback and behaviour while playing. Because
our research is heavily dependent on how users understand and respond to various
game events and elements, we believe that having a better view of their personality
as gamers can lead to better results. We had nine participants in total who played
the game throughout the three playtesting sessions. Among the nine playtesters,
there were 4 killers, 3 explorers, 2 achievers and no socializers.

5.4.1.2 Gameplay

In the rst playtest, ve people participated, Three killers, one explorer and one
achiever. The playtest lasted approximately about half an hour, including the Bartle
test and the participants were prompted to explore the game world and interact with
the environment as we observed their reactions and took notes.

The rst playtesting session happened very early on in the development cycle. The
majority of implemented features that were ready to test were the game's core
mechanics such as the character controller, interaction system, and a small sample
of the game's map. The only emergent narrative component that we had at this
stage was the items with history and an inventory to store all the collected items
and o er access to the information they carry. The main purpose of this early
playtest was, rst, to get player feedback regarding the controls and interaction with
the environment, have a clear view of their expectations given this small slice of
a sandbox sci- game world and see how they feel about the concept of unguided
exploration and resource hunting. Secondly, we would test the ‘items with history"
component to see how the players react to this system.
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