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Abstract

In the fields of game design and interactive storytelling, it is of value to consider game
mechanics, narrative design, and how they connect and influence each other.
Dubbelman’s Narrative game mechanics theory (2016) started an argumentation that
certain game mechanics can serve greater narrative power. This research sees a lack of
practical considerations and game development guidelines from Dubbelman’s work
and tries to conduct a theoretical framework on useful narrative and game design
theories and practical considerations focusing on a subset of game mechanics,
numerical narrative game mechanics. The framework covered an in-depth explanation
of the process from mechanics to narratives, the role of the player during the narration
process and related practices one can utilize, an analytical perspective of numerical
elements and numerical mechanics, and ways to improve narratability and
representation of contexts. Three case studies of existing games are also conducted to
present the use of the framework and improve its applicability.

Keywords: Narrative game mechanics, Game design, Numerical game mechanics,
Game user experiences, Narratology.
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1 Introduction

Game can provide interactivity and narrative experiences to players. When jointly
considering these two properties of game, the field of interactive storytelling is inevitably
involved. Interactive storytelling in games not only relates to traditional narratology but also
introduces new approaches and theories regarding its implementation and guidelines.

The interactivity of games is constructed through rules and mechanics that support user
interactions and systemic feedback. By Ryan’s narrative theory, narratives can be understood
as a type of meaning constructed within people’s minds in response to the signs provided by
the authors (2004). The author of this research argues that this constructed meaning can be
seen as narrative experiences in the context of games. Additionally, the MDA framework
provides a statement that game mechanics can build up dynamics and experiences for the
players (Hunicke, LeBlanc and Zubek, 2004). When viewing game mechanics as one of the
tools that authors could use to convey narrative experiences, the theory of Narrative game
mechanics by Dubbelman (2016) can be utilized. This research sees the potentiality of
narrative game mechanics on how it can provide unique insights and new guidelines for
practitioners to convey narrative meanings through mechanical design in games, as well as
its lack of more practical considerations and more detailed examination of how fields of
game development and game user research can improve its applicability in the actual
development process. In other words, it is considered by the author as one valuable direction
that needs more practical research and considerations.

Before introducing the main research topic of this paper, the concept of numerical game
mechanics, one subset of game mechanics that relates to numerical elements, is chosen to be
examined by the author not only because of the limited overall scope of this project but also
because of its prevalence in various games, i.e., uses of numbers to support mechanical
interactions such as levelling up, healing and so on. In contrast to its frequent uses in games,
the concept of numerical game mechanics is not usually discussed in the field of game design
and game research, exceptions are found to be the visualization of numbers and game
theories that introduce heavy mathematical derivations. On the other hand, this research
does not intend to see numerical game mechanics in the same way, but in a way that
combines game design, user experiences, and concrete game examples.

Therefore, this research aims to build upon the concepts developed by Dubbelman (2016) as
well as other researchers that share similar ideas to illustrate concepts behind numeric,
game mechanics, narrative construction, and game development and answer the research
question: What are the theories and practical considerations that aid empowering the
narratability of numerical game mechanics?

By comprehensively introducing, criticizing, and jointly considering various researchers’
theories regarding definitions of narrative and game mechanics, game balance, and
semiotician perspectives of narrative construction, this research project started by defining
the useful concepts related to this research’s main topics, such as game state, the differences
between rules and mechanics, and narratives. Based on the developed definitions, the
research started to lay out four main topics regarding numerical narrative game mechanics
and constructed a theoretical framework in the end. The first part of the framework tries to
explain the journey from mechanics to narrative experiences within players’ minds. The
MDA framework (Hunicke, LeBlanc and Zubek, 2004), which explains how mechanics can



support constructing in-game dynamics, and in turn build certain experiences for players,
can serve well for the purpose. Building upon this idea, the research sees dynamics as one of
the contextual information that supports narrative construction within people’s minds. The
second part of the framework introduces the important role of the player during the
narrative construction process and its relationship with the presented game and game
authors. By focusing on users’ cognitive interaction with the game system during the
narrative construction process. The research calls for a closer inspection of players’ pre-
existed and educated knowledge during games. Pre-existed knowledge affects how players
perceive information naturally, and it connects with notions like target user groups,
affordances, and game literacies. Educated knowledge, on the other hand, falls under the
author’s control, which can relate to in-game tutorials, game retellings that teach players
ways to approach narrative constructions and implicit ways to help players narrate better
during gameplay. Moving on to the third part of the framework, an analytical perspective on
numbers and mechanics in games is discussed. This part takes inspiration from mathematics,
game balance, and computer engineering to consider ranges, concrete values, and contexts
as crucial elements of numerical narrative game mechanics. As a way to understand
mechanical interactions, the concept of function is brought up by the paper to explain how
inputs, outputs, and function processes can express narrative meanings combined with
contexts. Finally, to help readers increase the narrativity of numerical game mechanics, the
research inspected Ryan’s theories on properties that support the narrativity of texts as well
as ways to categorize different media that support contextual information (2006). Last but
not least, Sylvester’s theory of Apophenia provided another view regarding the completeness
of contexts, that lack of detailed information may also provide space for one’s imagination of
possible explanations.

After constructing the theoretical framework along with discussions of related theories, the
research conducted three case studies to not only provide with readers ways to utilize the
framework on actual games but also improve the applicability of the framework by
presenting how concepts of this framework appear in games.

In the last several sections of this article, an analysis of the constructed theoretical
framework, case studies, and this research’s chosen method is conducted. The author first
retrospectively views the research method of this project and admits that more qualitative
analysis and research shall be conducted to improve the practicability and usability of this
framework. Due to a lack of suitable resources and time, the research chooses to provide
users with a theoretical framework and case studies to produce insights rather than rational
guidelines and steps. When the reader actually thinks about the concepts during the
argumentation process and gets inspiration or new thoughts, the framework has served its
value. All in all, game design inevitably includes personal thoughts and ideas, just as the
players who generate narratives personally by their own explanations. In the end, a
discussion on the purpose of this research and possible future works is laid out.



2 Background

In the fields of narratives and game studies, there has been a lot of research going on
motivated by how narratives were constructed and experienced in other precedented media,
and how games bring up new possibilities and theories to create narratives in games. Games
can be viewed as a combination of Technology, Narratives, Mechanics, and Aesthetics (Schell,
2019, p. 54). One of the unique points games have that connect to creating new forms of
narratives is that games provide interactivity to the players (Schell, 2019, p. 44). Via the uses
of mechanics and rules, games thus have the power to introduce interactivity to players while
they experience narratives.

2.1 Narratives and Interactivity

When considering narratives combined with user interactivity, they become interactive
narratives that possess new challenges and guidelines for authors. Crawford compared free
will and agency to determinism and pre-scripted plots, argued that pre-scripted plots are
incompatible with interactivities, that pre-scripted plots collide with player-side interactions
such that players’ choices and actions will not be reflected by the settled stories, causing
frustration and disengagement (2012, pp. 49-52). Within the same book, he illustrated styles
of thinking, strategies, and core technologies related to authoring interactive storytelling that
is unique from traditional plot-based story authoring processes. Bostan and Marsh (2012)
focused on the communication process between users and interactive systems by examining
how information were transmitted, what attributes can players alter when they interact with
the system, and players’ agency regarding the messages during communication. The authors
contended that a customized experience should be considered when implementing
interactive storytelling. Based on this idea, systems focusing on monitoring player actions
and reacting logically in accordance with players’ interests become important. Cavazza and
Pizzi (2006) gave an extensive overview of the narratology theories in the context of the
interactive storytelling research area and introduced the practices these theories opened up
for interactive storytelling techniques, showing how narratology had influenced the design
and development of interactive storytelling systems. From these articles, it is reasonable to
argue that interactive storytelling can partly adopt traditional narratology, but with a varied
mindset regarding how they are constructed.

Besides the theory and design side, the development and implementation of actual
interactive storytelling systems also see new approaches and practices, which involve fields
such as Software Engineering and Human-computer Interaction. Spierling (2007)
contended that in the context of interactive digital storytelling and character-based methods
of creating interactive narratives, a new form of the authoring process called “implicit
authoring” may exist, during which designers create and manipulate parameters that take
part in interactive storytelling systems that generate stories based on interactions in a
simulated way. Cavazza and Charles (2002) implemented a character-based interactive
system to generate stories by modelling characters’ behaviours in a parameterized manner,
which dislikes the pre-scripted narrative where plots, dialogues, and actions are settled by
the author. The stories are generated in real time by user interactions. Other research exists,
such as the article by Green et al. (2018) that aimed at analysing the interactive story
authoring tools and their user experiences, as well as proposing new design principles for
these tools. Lu and Soo (2012) also touched upon interaction storytelling system that is



related to the fields of Simulation System, Software Engineering, and Artificial Intelligence,
providing a system architecture for enabling characters to recognize and interpret
behaviours contextually.

2.2 Interactive Storytelling in Games

In a more scoped area where games and interactive narratives are jointly concerned,
research has been developed regarding analyzing, conceptualizing, and implementing
interactive storytelling, reflecting the ability of games to combine various media practices,
the impact of narratology on the design and implementation of interactive narratives in
games, and how a combination of ludic and narrative perspectives inspired new principles
and thoughts.

Several directions can be loosely summarized here. First of all, when considering
implementing narratives in games, it is intuitive to adapt existing narratology and narrative
theories to games and take inspiration from them to identify viable design mindsets and
authoring methods. Spector (2013) analyzed the narrative forms and structures common in
other media like television, movie, and radio in a Game Developer’s Conference (GDC)
session. He stated the needs and challenges video games face when implementing interactive
storytelling, such as the improvements of virtual actors, the idea of interactive sets rather
than worlds, and artificial game masters. Ryan (2009) introduced and analyzed three types
of plots originated from Aristotle and their integrations with interactivity in games. Later in
the article, he proposed challenges for games to elicit emotional immersion via interactive
stories. Louchart and Aylett (2004) illustrated Aristotelian, Formalist, and Structuralist
theories related to narrative creation in order to get inspiration for designing a model to
create emergent interactive narratives in games by distinguishing the formation of narratives,
their crucial components, and related concepts already appeared in role-playing games and
improvisational drama. Bizzocchi (2007) discussed the concept of immersion in both
storytelling and game experience perspectives, the narrative arc and its conflict with
interactivity, and a narrative framework that can help with building narratives in the context
of games. Building upon the concept of narrative arc, the author identified the potential and
existing uses of micro-narrative within games to guide game design and retrieve authorial
control via the uses of game mechanics. Lebowitz and Klug (2011, pp. 46-61), and Glassner
(2001) both discussed commonly seen story structures, such as The Hero’s Journey and their
adaptation to games.

Besides focusing on existing narratology. Some researchers explored how games can support
player agency, the multiplicity of stories, and narrative generation by developing or
analyzing specific systems or mechanics. Zubek (2020) identified narrative patterns
commonly seen in games, such as branching narratives, open-world games, and simulated
worlds as well as possible mechanics and rules associated with these patterns. Grinder-
Hansen and Schoenau-Fog (2013) examined the contribution of navigation, environment
objects, and player movement to the overall narrative generated by the game environment
and players’ traversal through it. Strugnell et al. (2018) did qualitative interviews with game
masters of table-top role-playing games and conducted flow charts showing how they decide
whether or not and how to change the storylines of the game, serving as a basis for systems
that simulate game master decisions in games. Sullivan et al. (2011) adopted a CiF model to
support and simulate character representation, social relationships between characters, and



meaningful player interactions during games, which were considered by the authors as
crucial parts of the narrative generation of the developed game.

Apart from the way of analyzing existing patterns and practices, some researchers focused on
designing narratives and mechanics to support and strengthen each other and proposing
principles regarding conveying narratives while designing mechanics, which can be called
Ludonarrative studies. Originally illustrated by Hocking (2007) in his criticism regarding the
ludic and narrative design in the game Bioshock (2007), the concept of Ludonarrative
dissonance was to describe the contradiction between a game’s ludic elements and narrative
elements in the perspective of user experience. When Ludonarrative dissonance appeared,
the players may experience disturbances or insults. Koenitz et al. (2015) described a set of
lenses conceptualizing the relationship between ludic and narrative components in game
design. The authors discussed the control the authors have over the ludic and narrative
designs and semantic differentials related to Ludonarrative studies. Via these lenses, one can
view and design a game’s ludic and narrative elements in a more formalized way.
Ludonarrative studies also involve Ludonarrative resonance, cohesion, and harmony, each of
which associates certain patterns and paradigms (Despain and Ash, 2016). It is worth noting
that Ludonarrative dissonance can be utilized differently in a mindset that is apart from
what Hocking (2007) proposed. One example is how the dissonance was used to convey a
narrative meaning of trauma purposefully rather than be seen as a sign of a bad interactive
story of a game (Kuznetsova, 2017).

Another major field that emerged from combining narrative and interactivity is the area of
Emergent Narrative. Aylett (1999) started her research by bringing new forms of narrative
creation in virtual environments. She detailed the conflict between pre-scripted elements of
prevalent narratives and the rich interactions provided by a virtual environment as this
paper illustrated above. Then, by considering how much a plot can be relaxed in terms of its
pre-scripted nature and how much freedom can be provided to users of a virtual
environment in terms of interaction with narratives, the author proposed the departure from
the traditional way of top-down narrative authoring process and argued that an approach
focusing on the ability of characters to generate stories in real-time. The narrative thus
emerges from these characters’ interactions and behaviors, hence the name Emergent
Narrative. In her later research, this topic was further developed and illustrated in detail
(Aylett, 2000; Aylett et al., 2005). It is worth noting, as Aylett’s later article examining the
connections of mainly Aristotelian and Structuralist narrative theories and emergent
interactive narrative stated (Louchart and Aylett, 2004), that treating characters as one of
the crucial elements contributing to narrative generation is supported by a strong theoretical
foundation. Due to the nature of constructing narratives from these interactive narrative
elements, emergent narratives support interactivity inherently and are treated as a solution
to the conflict between pre-scripted narrative and interactivity (Aylett, 2000). A number of
researches have been conducted focusing on emergent narrative and its practices in games
(Chauvin et al., 2014; Packer, 2014; Sidén and Cohen, 2021), but to this research, the
valuable mindset is how emergent narrative treats narrative generation as the interplay
between atomic elements such as characters driven by attributes and interactions among
characters and objects (Aylett et al., 2006; Louchart et al., 2008).



2.3 Narrative Game Mechanics

Among the research focusing on exploring the potential of games to convey narratives based
on various theories described above, Dubbelman (2016) developed the concept of Narrative
Game Mechanics, which builds upon the understanding of stories from the cognitive sciences
perspective that stories reside within the human mind as mental constructs. The theory
contends that certain mechanics in games have more power regarding invoking narratives in
the minds of players, and by identifying this potentiality, we can act to improve the
narrativity of certain mechanics by identifying patterns that reside in existing games or
exploring ways to improve design principles to support mechanic and narrative design better.

The argument that stories are constructed within the human mind resonates with how some
researchers consider emergent narrative’s generation process. Yap, Kadobayashi, and
Yamaguchi (2015) explicitly noted the important role of players during the narrative
construction process of in-game experiences. Based on this idea, systems that support or aid
players’ narrative construction process via rich interactions, information that elicits
interpretations, and so on, can thus have more possibilities regarding the narratability of the
application. Walsh (2011) separated the concept of emergent behavior and emergent
narrative by stating that emergent systems, such as simulations, do not directly produce
emergent narratives but instead emergent behavior. From this point, the author stated that
the process where participants try to understand and make sense of the generated behaviors
actually produces emergent narratives in the end. By introducing semiotic systems involved
in narrative sense-making processes, the author made a strong argument that players take a
crucial role in the narrative generation processes and that designers shall consider this
interaction between the information players observe and the narrative generated in their
minds.

The concept of Narrative Game Mechanics shares some similarities with other theories
focusing on interactive narratives in games. The perspective focusing on jointly examining
narratives and game mechanics can also be seen in the Ludonarrative studies discussed
above. Bruni and Baceviciute (2013) reflect on the idea of the narrative power of certain
elements in Interactive Systems by defining the Author-Audience Distance during narrative
construction and adoption processes, during which the recipients of stories would use their
knowledge, whether pre-existed or educated by the author, to understand or decode the
narrative meanings behind the constructed stories. Larsen and Schoenau-Fog (2016) argue
the ability of game mechanics to convey stories by examining the MDA framework (Hunicke,
LeBlanc and Zubek, 2004), game mechanics, and contexts associated with the gameplay
process. The researcher also touched upon the players’ crucial role during the narrative
process, that players are the characters within games, in other words, they construct stories
just as other narrative elements that consist of a story.

2.4 Game Mechanics that relate to numbers

Game mechanics can be categorized in various ways, such as mechanics associated with
different genres, space and time, and interactions. This paper focuses on one such category,
the mechanics that are related to numbers and their interactions in games. Classic examples
of these mechanics could be the hit point design that represents one’s ability to be alive
commonly seen in many games, the random number generator that can help determine
whether or not certain actions succeed, and damages applied to characters within a combat



scenario. Numbers often relate with math, such that creating, altering, and examining
mechanics associated with numbers often times relate with the process of balancing a game
(Schreiber and Romero, 2021, p. 429; Schell, 2019, pp. 211-248). In real-world games like
board games and table-top role-playing games, mechanics that involve numbers frequently
appear as counters, meters, degrees, and so on. In video games, numbers appear regularly
not only because the designs of video games follow the patterns in physical ones, but also
due to the mathematical nature that lies within hardware devices that support mainly logical
and numerical representations of information. There could be other factors affecting the
frequent use of numbers in games but lies outside the scope of this research project.

Despite their frequent uses in games, mechanics associated with numbers are not specifically
discussed in the academic field. Another exception besides the game balance topic above
observed by the author lies in the field of game theory, where the mathematical inspections
regarding strategies, lose and win conditions, and numerical representation of interactions
reflected by Rasmusen (1989) and Conway (2000) are closely examined. However, as will be
discussed in the next section, this mathematical perspective of inspection of game mechanics
related to numbers is not the intention of this project.



3 Problem

The concept of Narrative Game Mechanics, although share many similarities with existing
theories discussed above, in the view of the author of this article, has one unique point of
view, that narrative power resides within game mechanics and narratives can be constructed
via mechanical interaction processes. This perspective does not separately consider
narratology and ludology as Ludonarrative studies do but considers the game mechanics’
ability to convey narratives directly, in which way designing game mechanics can be seen as
a practice reflecting the narratives of a game and developing narratives in games can be
expressed via an articulation of game mechanics.

However, the concept of Narrative Game Mechanics only laid out a research area concerning
the narrativity of game mechanics. In order to approach greater narrativity in the design of
game mechanics, theories that are more practicable and applicable to determine design
decisions, such as theoretical frameworks and more detailed design patterns and principles
in works by Schell (2019), Bjork and Holopainen (2005), and Barney (2020) should be
developed.

In order to limit the scope of this research project, the subset of game mechanics that relates
to numbers is examined regarding how to improve its narratability. This decision is also
affected by how frequently design associated with numbers can be seen in existing games but
not in the discussions among academics. However, the definition may not be precise enough,
as numbers can essentially reside in most parts of one game’s mechanics as long as we use a
mathematical mindset to review mechanics. For example, a level’s composition can be
described by its elements’ world positions, orientations, scales, and so on. These pieces of
information can all be represented by numbers thanks to the predecessors in the fields of
math, physics, and computer sciences. Therefore, a definition that can clearly point to the
classical mechanics this research wants to focus on should be presented and is laid out in the
latter definition section below.

Besides, as we have talked about in the background section, existing endeavors on numbers
and game mechanics can be seen in the fields of game design and game theory. However,
this article does not intend to treat numbers in games from the mathematical perspective as
the field of game theory, but in a perspective that focuses on game design and user
experiences, as well as how it relates to the concept of Narrative Game Mechanics. This
research thus builds upon the concepts developed by Dubbelman (2016), Bruni and
Baceviciute (2013), Larsen and Schoenau-Fog (2016) to illustrate concepts behind numeric,
game mechanics, narrative construction, and game development and answer the research
question: What are the theories and practical considerations that aid empowering the
narratability of numerical game mechanics?

3.1 Method

In consideration of the research question and motivation discussed above, this research is
carried out via a set of methods. During the content development of this paper, academic
literature and game development communities that concern game mechanics associated with
numbers, game narratives, and related game design practices are examined and discussed as
inspirations and theoretical foundations of a theoretical framework concerning empowering
the narratability of game mechanics associated with numbers. After the development and a



visual presentation of the theoretical framework, case studies focusing on analyzing existing
games via the perspective of the framework are carried out aiming at supporting the
applicability of the framework and enhancing readers’ understanding of it. This research
method resonates with Dubbelman (2016), Louchart et al. (2008), Yap, Kadobayashi, and
Yamaguchi (2015).

It is worth noting here, that in research projects concerning game design and theories,
qualitative and quantitative interviews or the development of an actual game prototype to
reflect the design paradigms were also regularly used. These methods can be seen in works
by Despain and Ash (2016), Aylett et al. (2006), and Sullivan et al. (2011). The reason why
this research does not intend to conduct qualitative interviews with players or designers is
due to the deep theoretical background of the concept of Narrative Game Mechanics and the
limited resources the author had. One may discern the narratability of certain mechanics or
experience ludonarrative dissonance in different games, but may not locate the theoretical
foundations behind these phenomena, which reside in narratology, philosophy, psychology,
and so on. Therefore, attempts to conduct interviews with players or designers who are
familiar with games that feature narrative game mechanics to help form valuable theories
are harder than assessing players’ narrative experiences within certain games and may
require effort to select a more limited target group. The author faced limited time and
human resources while developing the research project, which led to the judgement that
conducting interviews or questionnaires is not practical enough to answer the research
question.

One may decide to develop an actual game to not only support the theories developed in this
research but also lay out a foundation for future tests with players or designers to examine
the applicability of the theories. However, an actual game prototype and decisions along with
its development can be easily affected by the designer’s personal interest and perspective,
which means that the repeatability of the theory may not be well supported by the singular
game prototype. Another reason lies in the chaotic nature of game development that it is not
easy to anticipate the development time of a rather ideal game prototype as it may rely on
the ability of the designer. Therefore, it does not cooperate well with the fixed time this
research project provides. That being said, developing an actual game prototype reflecting
the theories developed in this paper is applicable and may be carried out by the author in the
future.

In conclusion, this research focuses on developing a solid theoretical background and
framework by examining and connecting various pieces of research focusing on game
mechanics and narratives, among which the concept of Narrative Game Mechanics serves as
an archetype. To illustrate the applicability of the theory, case studies are conducted
reflecting the perspective one can use regarding developing or analyzing numerical narrative
game mechanics.



4 Definition of Concepts

This section aims to provide related concepts’ definitions to put readers in a contextualized
position to reduce misunderstandings. Before diving into narrative game mechanics and
numerical game mechanics, the definition of game mechanics and narratives are explored
and discussed. From the perspective of the definitions, we can identify the functions and
potential uses of these concepts.

4.1 Narratives and Game Mechanics

This paper follows the path of Dubbelman (2016) and examines the work by Ryan (2004)
regarding her discussion of narrative theories, specifically, what is narrative. By critically
illustrating the theories defining what is narrative and taking inspiration from cognitive
sciences, Ryan proposed to understand narratives not by “fitting narrative within a formal
discourse model”, but in her words, “the alternative to regarding narrative as a member of a
linguistic paradigm is to define it as a type of meaning and to do so in positive terms” (2004,
p. 8). In this research’s author’s view, this argument defines the narrative generation process
as a sense-making process. In her later argument, the narrative is taken as a “cognitive
construct or mental image” that resides within the interpreter’s mind in reaction to the text
(Ryan, 2004, pp. 8-9). It is worth noting that the text here is not particularly textual
representations as the ones that appear in novels, but general signs that can be used to
transfer or represent the meaning.

Up till this point, a definition of what is narrative can be concluded as follows:

Narrative is a type of meaning transferred by various signs and constructed
cognitively as mental images by the interpreter responsively.

This definition is not the text that originally appeared in Ryan’s text, but a combination and
transformation of her argument across sections (2004, pp. 8-9). Through this definition, the
important role of the players during the narrative process is revealed, which will be
discussed in detail in later sections.

There exist many definitions regarding game mechanics and related concepts such as game
rules, systems, and player goals (Schell, 2019, p. 53; Sicart, 2008; Dubbelman, 2016). This
paper does not intend to give a full review of the previous definitions of game mechanics but
tries to illustrate the definitions more related to the concept of narrative game mechanics.
Critically reviewing the existing definitions of game mechanics, Sicart (2008) proposed a
definition of game mechanics aimed at formalizing the connections and distinctions between
game rules and game mechanics, relating concepts like game states, possibility spaces, and
game agents. The definition is proposed as:

Methods invoked by agents, designed for interaction with the game state.
Sicart (2008)
This definition influenced the development of narrative game mechanics in Dubbelman’s
(2016) work due to its emphasis on the separation of mechanics and rules, by which Sicart
stated that mechanics point to the interactions with the game state that can be understood as

ways to traverse through the game state space, while rules shall be considered as the
properties of the game system and agents that formulated the overall possibility space of the
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game (2008). Following this definition, as stated by Sicart (2008), mechanics should be
formalized as verbs, and rules affect how these verbs actually behave in-game contextually.
In the same article, the concept of object-oriented programming and related mindsets are
discussed in relation to how to understand game mechanics but fall outside the discussion of
this research.

In order to understand the definition of game mechanics above, the notion of possibility
space and game states, which are not formally defined in Sicart’s work, should be illustrated.
The theory formulation process by Sicart partly followed the definitions and concepts
provided by Jarvinen (2008), in which the concept of game state was discussed in detail. In
his thoughts behind game states, the concept of state was brought up that “a state is a
situation which can be recognized if it occurs again”. In a comprehensive contemplation of
game balance, Schreiber and Romero (2021, pp. 25-26) provided definitions regarding the
game state as well as the possibility space, the latter of which was not explained in Jarvinen’s
research (2008). By their definitions, the game state is defined as:

A game state is a collection of everything that describes the current position
or value of a game-in progress at a single point in time. If we take a break
from Chess mid-game, what’s left on the table is its game state. The game
state is everything that must be saved, including whose turn it is, in order to
restore the game to the exact same point at a later time or in a different
location.

Schreiber and Romero (2021, p. 25)
And the possibility space is defined as:

The possibility space of a game is the set of all potential game states. It is, in
effect, all possible instances of that game that could ever be played. Most
games are complex enough that it is not practical to actually list the entire
possibility space, so it is more often just as a theoretical concept. The larger
the possibility space of a game, the less predictable and more replayable it is.

Schreiber and Romero (2021, p. 26)

From this point, the definitions of game rules, game mechanics, game states, and possibility
space as well as their relationships could be formulated, and are concluded in Table 1 below.

Table 1 Definition of Narrative, Game rules, game mechanics, game states, and
possibility space

Related

Concept Definition ..
Citation

A type of meaning transferred by various signs

Narrative and constructed cognitively as mental images | Ryan (2004)
by the interpreter responsively.
A collection of everything that describes the | Schreiber and
Game State

current position or value of a game-in-progress | Romero (2021)
at a single point in time.
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All the rules that defined a possibility space of

Sicart (2008
a game. (No formal definition by the author) icart ( )

Game Rules

Methods invoked by agents, designed for

. ; ] Sicart (2008)
interaction with the game state.

Game Mechanics

The set of all potential game states. It is, in | §chreiber and
effect, all possible instances of that game could | Romero (2021)
ever be played

Possibility Space

4.2 Numerical Narrative Game Mechanics

Following the definition by Dubbelman (2016), the concept of Narrative Game Mechanics is
defined as:

The mechanics that invite agents, including the player, to perform actions
that support the construction of engaging stories and fictional worlds in the
embodied mind of the player.

Dubbelman (2016)

The word numerical usually means relating to or expressed as a number or numbers, when it
comes to game mechanics, numerical game mechanics can be seen as the game mechanics
that are related to or expressed by numbers. But this qualifier is not enough to be used to
distinguish the specific mechanics that are numerical. For example, when dealing with actual
game development, the concept of data structures and knowledge from computer
engineering are oftentimes utilized. From the perspective of computer engineering, the data
within computers are regularly represented as floating point numbers, integer numbers,
boolean numbers, and so on. In this way, an actual colour value, the height of a character,
and the sizes of level structures are all related to or expressed by numbers. By the definition
section above, we conclude that narratives reside within the players’ minds, following a
similar mindset, we can define the numerical mechanics in a user experience perspective as
the mechanics that are perceived and understood as numerical forms or representations in
players’ minds. Regarding this definition, the players’ perception of the numerical mechanics
is concerned, with which the actual presentation of one numerical mechanic, e.g., the
interface that serves to visually present the information related to the mechanic, shall be
considered. As an example, if one character can jump a certain amount of height in a game
with various height conditions and the player is only able to perceive this jump height
mechanic in conditions that are less related to numerical forms and representations, the
numerical mechanic then does not reside within players’ minds. This can apply to the game
Ori and the Blind Forest (2015), where the players perceive the jump mechanic
experientially, rather than connecting this to numerical forms and representations. An
opposite case can be the vertical movement mechanic in tactical role-playing games like
Tactics Ogre: Reborn (2022), where the spaces are represented by terrain blocks, and
certain characters can move a certain number of blocks vertically. For example, the warrior
with wings can move multiple blocks vertically, while normal human warriors can only move
several blocks vertically. By connecting the movement height to forms that are more integral,
the players may perceive this movement as a mechanic that connects to numerical forms. In
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this case, the perception of numerical is elicited by the integral representation of heights in
the game.

To this point, three tiers of numerical game mechanics can be illustrated. First of which is
the game mechanics that are directly presented as numbers to players, for example, the
character properties in RimWorld (2018), or the everyday condition showcase in Papers,
Please (2013) as Figure 1 and Figure 2. By directly presenting these mechanics as numbers,
the players are cued by the authors of the game to connect the mechanic to numerical forms
and mindsets. The second tier would be mechanics that share properties or characteristics of
numbers, the integral height in Tactics Ogre: Reborn (2022) belongs to this tier. Actions,
like add, subtract, multiply, divide, and compare, can be more related to numbers in this
case. It is however beyond the scope of this research to summarize the properties that relate
to numbers perceptually or semiotically in human minds comprehensively due to limited
time. In this research, the properties such as the integral of numbers, comparableness of
numbers, and functions that cause numbers to become bigger or smaller are usually
discussed and selected as ones typically related to numbers. Besides these two tiers is the one
that is apart from mechanics that can be perceived numerically. For example, the ability of
one to interact with a button via shooting can hardly be understood as numerical forms or
representations.

Prepare Carefully

Characters Relationships Equipment

Load Character Save Character

Backstory g B Skills QN

Childhood 4 Awkward nerd > shooting 4O
ik 3 O
4

4 O
Traits ) 0 O

O
O

O

o

1 O
éd 0 4

4 5 4

Incapable of

None

Load Preset Save Preset

Figure 1 Character properties in RimWorld (2018)
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SALARY (11)

BRIBES

DETAIN BOHDS

ASY MODE CRUTCH

Figure 2 Everyday condition showcase in Papers, Please

Within the tree tiers defined above, the first and second are chosen to be classified as explicit
numerical game mechanics, as these mechanics are not only represented by numbers but
also explicitly presented by the game to the player, whether presenting them in numerical
forms visually or expressing the properties that relate to numbers via these mechanics, to
elicit a numerical understanding of the mechanics in players’ minds.

In conclusion, the related concepts defined in this section as well as the articles associated
are presented in Table 2.

Table 2 Definition of Narrative game mechanics, Numerical game mechanics, and
Numerical narrative game mechanics

Concept Definition R.elat.ed
Citation
) The mechanics that invite agents, including the
NarratlYe Game player, to perform actions that support the Dubbelman
Mechanics construction of engaging stories and fictional (2016)
worlds in the embodied mind of the player.
Numerical Game | The game mechanics that are perceived as
Mechanics numerical forms or representations in players’ Ryan (2004)
minds.
Numerical Narrative game mechanics that are perceived
Narrative ~ Game | as numerical forms or representations in |/
Mechanics players’ minds.
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5 The Development of the Theoretical Framework

To form a theoretical framework focusing on empowering the narratability of numerical
game mechanics, this research first focuses on the connection between game mechanics and
the narrative process within players’ minds. Based on the understanding of these
relationships, pieces of literature regarding the role of the players during the narrative
generation process are illustrated, and theoretical and practical considerations are
considered. Diving more specifically into the numerical narrative game mechanics is to
consider the properties of numbers reflected through game mechanics as well as how they
interact through the concept of numerical functions. At the end of this section lies a visual
presentation of the concepts and relationships generated throughout this development
process.

5.1 Game Mechanics and the Narrative Process

As illustrated in Section 4, the narrative is defined as a type of meaning transferred by
various signs and constructed cognitively as mental images by the interpreter responsively.
At the same time, the article by Dubbelman (2016) did not explain how game mechanics
actually form narratives within players' minds. Thus, this research first examines existing
literature focusing on understanding the narrative generation process more contextually
when combining game mechanics and user experiences.

Larsen and Schoenau-Fog (2016) provided a framework for understanding the relationships
of narrative, game mechanics, and context within games. Within the article, the MDA
framework proposed by Hunicke, LeBlanc and Zubek (2004) was used as a way to
understand the narrative construction process caused by game mechanics. Although the
definition of mechanics from the MDA framework, which was “the particular components of
the game, at the level of data representation and algorithms”, is different from this article,
the process describing how dynamics and aesthetics generated from mechanics can serve as
an insight towards how narrative generates from game mechanics. In Larsen and Schoenau-
Fog’s understanding (2016), the mechanical element of games can generate aesthetics via
dynamics caused by interactions between mechanics, which can be treated as one kind of
narrative that is generated in real-time and purely related to mechanics. In the view of this
research’s author, this flow of mechanics, dynamics, and aesthetics can map well with the
narrative process defined above, during which mechanics are combined with player
interactions, serving as signs that support the construction of narrative within player minds.
Contextual information was crucial in Larsen and Schoenau-Fog's (2016) theory to
distinguish between two sets of narratives, the first of which being aesthetics that are
generated by purely ludic elements in real-time and the other one being “after stories” that
are combined with contexts during play and are linear stories formed due to playing the
game. However, the dynamics can be treated as another class of contextual information that
is generated purely by game mechanics via interactions, for example, a certain layout of
blocks in Tetris (1985), or the chess shapes formed via a series of interactions during chess
play. This mechanical context can also serve as a building block causing narrative
construction within players’ minds. Thus, game mechanics here function as a basis for
generating contexts that aid narrative constructions. It is worth noting here that mechanics
are treated as one sort of interaction with the game state, rather than a framework forming
all the possible game states. This framework, which is essentially the rules of one game by

15



our definitions above, also serves as a basis for generating actual mechanical contexts during
play, as it defines the possibility space of the game. Combined with these existing researches,
the author argues that contextual information, which serves as signs that cause narrative
generations, is crucial for forming the narratives in players’ minds, and that mechanics and
rules are critical to the generation of mechanical contexts during gameplay.

Building upon the notion of Interactive Digital Narration that is comprised of system,
process, and product, Roth, Nuenen, and Koenitz (2018) utilized the concept of
ludonarrative hermeneutics to understand and explain the narrative process involved during
gameplay. During the in-game experiences, players constantly interact with the interactive
system and form a sense of the possibilities provided by the system, which is comprised of
the first part of the hermeneutics circle. At the same time, players receive the constructed or
instantiated narrative product and interpret the stories in their understanding, which is the
second part of the hermeneutics circle. From these two processes, the potential narratives
one system can provide becomes instantiated narratives within player minds. By examining
this theory, the importance of contextual information is again reflected. Players need the
information to go through the hermeneutics circle, and the main source of information lies
within the game that is played by them. At the same time, we can observe the role of the
authors in this process, that they provide the narrative system, which offers interactivity via
mechanics and other contextual information that involve in the process of player
interpretation.

Reviewing the narrative intelligibility and closure theory by Bruni and Baceviciute (2013), a
similar pattern appears. In the article, the process of narrative communication between the
author, the system, and the user was illustrated. The author serves as the creator of the
system and encodes narratives within the system, and the user receives information via the
system and decodes narratives by interacting with the system. The article does not
specifically discuss games and narratives but provides a lens on how narratives are
constructed when considering interactive narrative systems. Within the same article, the
authors brought up the concept of “abstract” and “didascalic” narratives, where:

Abstract refers to all forms of content having only intrinsic form with little or
no attempt at pictorial, figurative or explicit representation, but however with
potential to elicit some degree of narrativity. On the other hand, didascalic, a
word borrowed from Greek to imply a very didactic, explicit, obvious, self-
explanatory message (and from the Italian didascalia), refers to content with
high intrinsic pictorial, descriptive, explicit, concrete, figurative or narrative
representational power.

Bruni and Baceviciute (2013)

When we connect this definition to how we separate mechanical context from other
contextual information, narrative game mechanics, detached from other contextual
information that are didascalic, can thus be seen as one type of abstract narrative. In Bruni
and Baceviciute’s argument (2013), abstract narratives produce a greater interpretation gap
that needs the receiver’s effort to fill in. Therefore, we shall combine narrative game
mechanics with other didascalic contextual information to create narratives that possess
smaller interpretation gaps, which in this research’s view could generate more narratability
regarding the resulting game. We will discuss the potential ways to achieve combinations of
narrative game mechanics and other contextual information in later sections.
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By looking into the literature related to cognitive narratology, semiotics, and hermeneutics
above, this research contends that in-game contexts serve as one of the crucial components
forming narratives in player minds and that mechanics, together with rules that define the
game states, could provide mechanical contexts which support the narrative construction
process during gameplay.

5.2 The Role of the Player and Practical Considerations

As we have discussed in the definition of narrative and the involvement of player
interpretation within the narrative construction process above, the role of the player is
crucial to the understanding of narrative game mechanics. The participation of players
during the narrative process was illustrated by researchers such as Packer (2014), Cavazza
and Pizzi (2006), Yap, Kadobayashi, and Yamaguchi (2015). Dubbelman (2016) touched
upon how players would perceive narrative game mechanics by providing case studies of
existing games but lacked a detailed inspection of the practical considerations regarding how
to affect players’ narrative-generating process. Therefore, literature on how players’
knowledge would affect their experiences during gameplay, as well as practices from other
game development processes with an emphasis on the player’s role could be reviewed.

As we have mentioned on the topic of how players would interpret one narrative product
produced by a certain game by referencing works involving hermeneutics and interactive
digital narration system (Roth, Nuenen, and Koenitz, 2018; Bruni and Baceviciute, 2013),
different players would tend to make sense of in-game situations produced by interactions by
their understandings or existing knowledge. How can we better understand the information
that would affect this sense-making process and come up with practices that can provide
information to empower the narratability of the narrative product, in this case, the narrative
game mechanics? A classification of player knowledge or understandings involved in the
gameplay experiences can be valuable as the author would contend here. When the player
starts playing a specific game, he or she may already have an existing knowledge of the
mechanics, story structures, or ideas and values that would affect how he or she understands
certain situations in a game. This can relate to, for example, how would one player use classic
keyboard mapping to move a character, when a player sees a button and automatically
assumes that it can be interacted in a game, or situations where knowledge from different
games in the same genre can be reutilized. These pieces of knowledge that would affect the
gameplay experiences, including how players construct narrative meanings during play, can
be treated as the class of pre-existed knowledge that is not controlled by the authors of the
game.

Cardona-Rivera and Young critically looked into the theory of affordances in the context of
games and illustrated how players deal with in-game actions via their perception and
cognition (2013). They articulated two kinds of affordances in games, the first of which being
real affordances that are possible actions within an interactive environment and the other
one being perceived affordances that are possible actions the players perceive to be possible.
The connection between real affordances and perceived affordances is outlined via feedback
within the game, which aims to guide and elicit perceived affordances to map with real
affordances in the game. The importance of perception that get involved during the
formation of affordances in a game is thus reflected, and the knowledge of players should be
valued and examined by the designers of narrative game mechanics as the affordances imply
that player would tend to understand mechanics and narratives in a certain way before being
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informed other ways of interpretation via feedbacks. Extending on this notion, it is valuable
to focus on the perception of one type of game’s target group during the development of
narrative game mechanics and understand the perceived affordances that commonly appear.
The theory of affordances focused on the possible actions within a game, which correlates
with our definition of game mechanics, but not how players construct narrative in a certain
manner. The author here contends that a certain inclination would also exist when a player
faces an in-game context and interprets narratives, and same as how knowledge would affect
perceived affordances, this inclination is molded by players’ knowledge. Practices such as
focus group play testing and qualitative interviews (Drachen, Mirza-Babaei, and Nacke, 2018,
pPp. 103-104) can be utilized to provide insights into how players perceive possible actions
and narratives.

Cardona-Rivera and Young’s concept of feedback that takes part in the formulation of
affordances during play (2013) implies the other class of knowledge that is educated by the
game product during players’ in-game experiences and is named by this research as educated
knowledge in this case. Similar to how feedback functions in relation to perceived and real
affordances, educated knowledge guides players to interpret certain situations in a way that
is implied by the creator of the game. Designers may convey this knowledge through actual
interpretations of a context within the game. For example, the narrative windows in the
game Stellaris explaining the impact of a certain event on the game state expressed via
numbers. It is worth noting there that retellings can also serve as a way to educate players’
interpretation of in-game contexts. As would be seen in retellings articles or videos of games
like RimWorld (2018) or Dwarf Fortress (2006), linear stories that involve character’s
desires and emotions act as a way of interpreting in-game situations and states, as well as
narrative game mechanics. This retelling can be created by both player communities or
creators of a game to serve as the material to educate players on ways of narrating a game.

If the direct uses of in-game tutorials, pre-defined narratives in reaction to a certain context,
or retellings of in-game situations seem too explicit, there also exist ways that are more
implicit. By constructing numerical game mechanics and providing contextual information
that elicits a certain way of interpretation, it is possible to convey the desired narratives
within player minds, which will be examined in later sections in detail, and this is also the
message conveyed through Dubbelman’s definition of narrative game mechanics (2016).

Pointing to the importance of the player’s role during the interpretation of in-game
mechanics and narratives as well as the involvement of pre-existed knowledge and educated
knowledge of players, this section calls for a closer look into ways to understand, guide, and
educate players better, such as designing in-game tutorials, utilizing retellings, or other
implicit methods, to convey certain narratives via game mechanics.

5.3 Numeric behind game mechanics, An Analytical Perspective

5.3.1 Range and Concrete Values

When dealing with numerical game mechanics, we need to get a way of viewing numbers in
games in consideration of one game’s states and rules, possibility space, and interactional
mechanics. As mentioned in the problem statement section, there is a lack of research
focusing specifically on numerical game mechanics. Thus, this research tends to get
inspirations from the perspective of mathematics as well as common properties of numbers
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in games to generate a framework for understanding the potential uses of numerical
mechanics.

Numbers often represent quantity or amount of value. By giving them names that embed
meanings, quantitative values can generate varied meanings combined with the given names.
A classic example would be the amount of health of characters, it is commonly understood
that when health goes to a value of zero, the character would normally cease to live. During
the perception process of the value that embeds the name “health”, the value of zero is
specifically indicated to give meaning to a certain state, in this case, “zero health marks the
death of one character”. Similar processes happen when players deal with regularly-changing
character stats such as strength, level, agility, and so on. This kind of mechanical use of
numbers thus often involves numbers with ranges that represent the whole state space and a
concrete value that represent a certain state during play. The state space and certain states
then possess meanings with contextual information embedded.

As we would define ranges for numerical values in mathematical forms in an abstract way to
serve functional uses, we could define ranges for numerical values in relation to numerical
narrative game mechanics to provide both mechanical and narrative values. One number
with a given meaning but lacks ranges or concrete values does not provide mechanical nor
narrative meanings to a game, for example, a number named intelligence fails to provide
information to form a narrative meaning. Although with one’s pre-existed knowledge, this
number can be imagined to function in certain ways, such as helping one come up with
better decisions, the meaning becomes too loose to be used as a narrative meaning conveyed
by the game designer. In order to convey a more settled meaning, a designer can provide
meanings to concrete values of this number as well as a range qualifying the possible values.
For example, given a statement that an intelligence of ten marks that this character can deal
with business easily and produce steady growth in a company, and that intelligence of zero
marks that this character can only deal with simple chores or repetitive labours, meanings
related to society and working ability start to form. Within the range of zero and ten,
meanings vary because of the concrete values and meanings provided above. Without the
need to specifically contextualize every concrete value within this range, the players can
generate meanings implicitly because of the two anchors provided. The character status
mechanics design above can be regularly seen in the game RimWorld (2018), in which each
character has varied abilities regarding various tasks to survive in an alien world.

Similar uses of ranges and concrete values happen in many games, the core functional part
being the concrete values with contextual information that helped players anchor down the
concrete narrative meaning for a number within a range.

5.3.2 Zero Values and the Reversal of Meaning

In mechanical calculations, for example, a character taking a certain amount of damage, the
value of zero often represents a singularity, a situation where the result of the action changes
significantly. If the damage is too much that causes the character to die, the value of the
health would turn to zero, which signifies a significant game state change, in this case, the
death of the character is signified. Along with the death of the character are the mechanical
reactions following this state change to convey the meaning that the character dies via
mechanical and narrative manifestations. Oftentimes, the character will be out of control by
its controller or conductor, and unable to function as a living being as before, which
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correlates with our understanding of living being and the meaning of death in our physical
world.

What the author intends to contend here is that the value of zero represents a sudden change
in the number’s embedded meaning and that this process can happen automatically in
players’ minds. Coming back to the notion of ranges and concrete values in the previous
section, a range encompassing negative values can thus provide this ability to represent a
sudden change of meaning, or in other words, reversal of meaning if the value goes below
zero. When a character possesses negative values regarding his or her working ability, he or
she might instead impair the work accordingly, and a reversal of meaning appears, in this
case, the ability to work turns to the ability to impair work. However, one may argue that the
designer can reserve the range from zero to ten, and change the meaning of the concrete
values instead, that a value of zero means impair the work heavily and a value of ten means
efficiently get the jobs done. This is of course justifiable, but what is most important here is
to locate the reversal of meaning in players’ minds of a number.

Another perspective relates to the actual development of a game, that the design of numbers
is considered both in mechanical interactions as well as narrative construction processes,
and that sometimes the guiding power lies in one side. For example, the possibility of certain
values going below zero may introduce extra considerations on the mechanical and
development side of the game, designers may need to create extra conditions and events to
support negative values, and programmers would then implement these accordingly. In this
case, the development team may prevent negative ranges to keep the coherency of the
meaning of this number and to reduce extra work.

Despite the possible extra work negative values might introduce, the author here contends
that the value of zero and negative ranges of numbers can be utilized to represent not only a
significant change mechanically and narratively but also a reversal of meaning in the player's
minds.

5.3.3 Compositional Numbers and Meaning Convergence

Another common use of numbers in games is to assemble a set of numbers to describe a
target. Examples could be the various statuses describing the conditions of a character,
different resources for running a company, or attributes of in-game equipment. In a 2019
GDC session, Hymes talked about various current-day tabletop role-playing games and their
narrative designs (2019). Among the different insights she provided, the concept of the
fruitful void was similar to the use of numbers above. Inspired by the game Dogs in the
Vineyard (2004) and the game’s designer D. Vincent Baker, she stated that designers may
choose to implement a game using various mechanics that point toward what isn’t
mechanized or directly implemented in the game. By pointing toward an unimplemented
target, the implemented mechanics thus generate momentum to nudge players to experience
the target. This process can also be discerned in the MDA framework where certain
mechanics are designed to provide a desired experience in a game (Hunicke, LeBlanc and
Zubek, 2004).

Back to the context of numerical mechanics, the numbers could then serve as the
implemented that point towards an unimplemented target, or in other words, indirectly
implemented. The author contends that these numbers, in cases where their contextual
messages are carefully determined, can serve as signs that collectively point to a signified, be
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it the intended narrative or an element forming the narrative. In essence, these numbers
composite a unity in the players’ minds. And each number helps shrink down the possible
meanings, which in turn aids the process of determining the actual meaning of the unity.
Therefore, the author argues that these numbers can be described as compositional numbers,
and they help the process of meaning convergence in the players’ minds. The process
described above shares similarities with how metonymy works in the field of semiotics. As
Radden and Kovecses stated in an article aiming at theorizing metonymy, the term
metonymy can be defined as:

A cognitive process in which one conceptual entity, the vehicle, provides
mental access to another conceptual entity, the target, within the same
idealized cognitive model.

Radden and Kovecses (1999)

The compositional numbers combined with contextual information thus act as the vehicle
that leads to the target mentally in the players’ minds. Later in the article, the concept of
“idealized cognitive models” was utilized to describe how forms, concepts, and things related
to different types of metonymic processes. A close inspection regarding the connection of
metonymies and narrative design can be conducted but falls outside the scope of this
research project.

From a game design perspective, the numbers that are originally designed might not
specifically serve a narrative function, but rather a mechanical one focusing on game balance
or other design intentions. The author contends though, considering how compositional
numbers can help form certain meanings similar to metonymic processes, narrative
meanings can be used to inspire or guide both narrative and mechanic designs in games.

5.3.4 Function as a way of understanding Numerical Interactions

Until this point, the sections above have covered the properties of numbers commonly use in
game design and their relationships with narrative construction, but not how numbers
interact with each other and represent game mechanics. When considering representing how
varying numbers can interact with other numbers that consist of the game state, the
mathematical form of a function suffices the generality and applicability. The use of
mathematical functions is commonly seen in designs that involve game balance, as in the
work by Schreiber and Romero (2021, pp. 681-692) and game mechanics like item stacking
in Risk of Rain 2 (Item Stacking — Risk of Rain 2 Wiki, no date; 2020), damage calculation
in Genshin Impact (Damage | Genshin Impact Wiki | Fandom, no date; 2020), status effect
in role-playing games (Wikipedia contributors, 2021), and so on. This article views functions
as a combination of inputs, a function process, and outputs, which can carry meanings when
combined with contextual information, which again involves cognitive processes such as
metonymy, as the function serves as the vehicle that provides access to the event or imagined
reality in players’ minds.

The inputs and outputs of a function concern one part of the game state that is associated
with the game mechanic or the game action that convey narrative meanings. Thus, choosing
the inputs and outputs of a mechanical function may already involve a process of designing a
narrative. With an existing definition of numbers named “health” and “severity of illness”, a
function’s inputs and outputs can include these two numbers to express the meaning of a
character suffering from illness if the function process describes how health is reduced by the
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severity of illness. It is worth noting here that the inputs and outputs can sometimes be
empty for a function. The former case means that the function only considers taking account
of some inputs but not outputting any number associated, one common example would be a
game only displaying information that is related to a certain game state to the player. The
latter one would point to situations where no game-state information as input is considered,
while the function still outputting numbers to serve certain purposes, for example, when
rolling a die to determine whether or not certain actions are successful, the game would first
get a random number and compare it with a threshold value, the random number is thus an
output value of a function. The outputs of a function can be temporary values, such as the
random numbers not kept by the game after the conditional check in the rolling-die example
above, or stored values associated with the game state. When a function changes a game
state, its influence is more long-lasting in the game, as the game state information is usually
present and used for other functions throughout the game process. In this case, the
function’s impact is represented in the game state and the game state would influence other
functions thereafter, as a result, the function is more perceptible by the player. A random
number check itself is abstract that provides little information for the player to form a
narrative. A random number check considering a character’s severity of illness is showing a
potential narrative but lacks an outcome for the player to experience its impact. A random
number check considering a character’s severity of illness, and would cause the drop in
health when the severity of illness is higher than a certain amount of value can thus not only
provide contextual information for the player to understand the meaning of the function, but
also give opportunities for the player to experience the impact in relation to the function in
later situations where health is considered meaningful. The author contends that this impact
is another contextual information supported by how game state information persists
throughout the game and how functions can change the game state, namely the causal
relations illustrated by Ryan (2006, pp. 8-11) in her work discussing the dimensions of
narrativity.

As we have stated in the definition section, game mechanics can be viewed as ways to
interact with the game state or verbs that represent certain actions. The function process
thus defines this process of interaction through its capability to generate outputs based on
inputs. The design of the function process is crucial to the actual narrative meaning conveyed,
because it is by experiencing the actual change or interaction of numbers during play that
players can have enough contextual information to construct a narrative. Without the actual
function process of health getting reduced by the severity of illness, the player only sees
possibilities of intended narratives but fails to be certain about it with a closer look. If health
gets increased by the severity of illness, the narrative would be completely different. Same as
how game states define the potential of narratives and a change of game state can actually
offer more certainty for the construction of narratives, inputs, and outputs of a function only
qualifies the possible narratives of a function, and it is through a concrete function process
definition that the narratives become more settled.

Another important aspect of a function in the game is how it is perceived by the player. We
will talk about ways to provide contextual information to the player in the next section, but
the idea to be illustrated here is when the player perceives the function, the narrative
meaning can already be generated. Although the perception can be incorrect or imprecise,
the tendency and impact of the function in relation to the game state are constructed in the
player's mind, thus making sense of the numerical mechanic becomes possible. Based on this
notion, a designer may describe mechanics using a complicated function process that serves
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more of a game design and game balance purpose, and at the same time present an easy-to-
understand function explanation for the player to construct narrative meanings. An example
would be telling the player that a certain type of damage would be more dangerous to a
character, but hiding the actual complex calculation equation that would cause the player to
focus too much on the mathematical representation.

The perspective of viewing a function as a combination of inputs, outputs, and a function
process is also valuable to explore the design and narrative possibilities of a numerical game
mechanic. When dealing with a function in the context of numerical narrative game
mechanics, consider adding or removing inputs or outputs, changing the function process,
and how the narrative meaning would change accordingly can be a way to find new insights.
During actual design processes, one may also start with a desired narrative action and the
associated function process, and think of inputs and outputs accordingly. Another possibility
would be starting with numbers and thinking of possible functions based on the existing
numbers and relationships.

The end of this section leads to a closure regarding this research’s analytical perspective of
numerical mechanics in games, which can be divided into numerical ranges, concrete values,
the concept of function, and their relationships with narrative meaning generation. Another
crucial piece that consists of narrative constructions would be the contextual information
that is not mechanical but still provides meanings and contexts for the player to make sense
of the narrative of the numerical game mechanics, which will be discussed in the next section.

5.4 Empowering the Narrativity of Numerical Game Mechanics

As we have discussed above in Section 5.1 and Section 5.3.3, more contextual information
pointing toward a desired narrative collaborates to convey a story in the player’s mind with
more certainty. Sections above have discussed the mechanical context related to numerical
game mechanics in detail, this section therefore concerns the existing theories behind
providing and assembling contextual information in certain ways to generate a greater power
for the player to construct narratives mentally.

5.4.1 Dimensions of Story

In the implementation process of an interactive storytelling game that features a context-
dependent action interpretation system, Lu and Soo (2012) touched upon five types of
context information that get fed into the behaviour interpreter to guide the actions of the
characters in the interactive system. They defined the Temporal and Spatial context, Social
context, Emotional context, and Behavioural context to not only account for context
information commonly seen in stories but also provide a basis to implement a computational
system to deal with narrative generation via these contexts. Although not illustrated in detail
on how these types of contexts were compiled, their endeavour on identifying the crucial
elements that consist of a narrative is valuable. This way of identifying types of context can
also be seen in Ryan’s work discussing different dimensions of narratives with more
theoretical considerations (2006, pp. 6-12). Based on an understanding that narratives are
uneasy to be clearly defined, she proposed identifying the conditions of narrativity by
looking at the spatial, temporal, mental, and formal dimensions. The spatial dimension
corresponds to a world and its concrete physical components. The temporal dimension
involves the consciousness of time and significant transformations of a world due to
nonhabitual events. When concerning the mental dimensions, agents within this world shall
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be intelligent and have mental life, emotions, goals, plans, and so on. The ability for the
characters to enact events purposefully is specified. Moving onto the formal dimension, the
causality of events is considered to relate to narrativity. The actual happening of some events
in the story world is also mentioned, rather than pure possible or hypothesized ones. Lastly,
within the formal dimension, the meaningfulness of the story for the recipient is also
brought up. It is important to mention that although these dimensions serve as perspectives
that contribute to the perception of narrativity of a target, they are not indispensable
properties of a narrative. By looking into these dimensions, the properties of a target that
deviates from them can be identified. For example, the formal dimension states that “the
occurrence of at least some of the events must be asserted as fact for the story world” and
eliminates “instructions, advice, hypotheses, and counterfactual statements”. These
properties that get eliminated when discussing the four dimensions, as Ryan stated, can still
occur in narrative texts, but would be unable to support narrativity on their own (2006, p. 9).

When connecting these four dimensions of story and numerical narrative game mechanics,
we can discover instructions for developing specific numerical game mechanics to support
the narrativity of a game. For example, the spatial dimension calls for ways to embed
physical objects and the notion of place in a game, and the temporal dimension can be
supported by counting time as one element of the game state. When moving toward mental
and formal dimensions, more complicated approaches could be involved. How can we build
intelligent agents via numerical game mechanics? Existing research focusing on artificial
intelligent systems, mathematical representation of emotions and desires, and a system to
support interactivity between agents and the story world can be valuable to provide answers
to this question (Sullivan et al., 2011; Louchart et al., 2008; Cavazza and Charles, 2002).
Another way of achieving the properties involved in the mental dimension is by setting the
goals for the player and treating player-controlled characters as crucial elements to the game
story. For example, in the game Minecraft (2011), the player would find various reasons to
prevent being hungry, as it would cause the character to drop health, be unable to run or
jump, etc. During this process, the player acts as an intelligent one to pursue goals according
to game rules and mechanics. When looking at the formal dimension, we can see that the
causality is innately supported by how game mechanics involve rules and ways to interact
with the game state. Excluding the situations where flaws of the game system are
encountered by the player, the rules and game mechanics of a game are settled and can be
attributed causally as long as the player is aware of them. This is more evident in computer
games where computational rules govern the activities and events happening in a game.
Therefore, when the game mechanics are settled and presented to the player, they would be
able to sense the causality of the game by logically considering the cause and effect of game
mechanics related to rules and the game state.

5.4.2 Representations of Contextual Information

Ryan’s theory regarding the dimensions of narrativity provides a useful lens regarding what
contextual information we could have in a game, but not how to present them. In other
words, through what media or in what way to present the contextual information should be
discussed. Again, proposed by Ryan with a well-supported foundation, there can be three
ways to examine existing media that could convey narratives, namely semiotic, technological,
and cultural (2006, pp. 18-25). In a perspective focusing on code and sensory channels,
semiotic media that support narratives can be divided into language, images, and music with
different pros and cons regarding their abilities to convey various types of information. It is

24



common in games that the use of language can represent dialogues, written stories, detailed
explanations, and so on. When connecting with numerical game mechanics, the language use
of numbers seems intuitive due to our frequent use of numbers daily. Moving on to images,
or graphical representations of information, fields of data visualization, color theories,
environmental storytelling, and others can be further explored. The music or aural media
seems less relevant to numerical game mechanics but may provide insights for conveying
narratives through sound or music to support players’ understandings of the overall
narrative feel of a game.

While the semiotic perspective lays out three broad families of media, adding a technological
perspective can help decide on concrete devices or media that could convey narrative
meanings. For example, how the development of technologies related to capture leads to
media like photography, film, and television. These media, the author of this research
contends, not only specify the materials associated with them but also bring the related uses
and technological information with them. For example, the appearance of television in a
game marks the existence of the technologies that serve as a building block for television,
such as electricity and image encoding. This associated information can also participate in
the process of narrative construction within players’ minds.

Another perspective emphasizes the cultural uses of media. As Ryan stated, newspapers and
books share the same semiotic channels and technologies but are often regarded as different
media (2006, p. 24). Considering the cultural perspective of media can also provide extra
information related to the culture and society of a narrative. At the same time, when the
information within a narrative world validates each other, the narrative world could become
more logical and realistic in the players’ minds, which in turn supports the immersion of
players in the narrative.

Ryan’s theory of understanding the nature and uses of media didn’t cease to be concluded by
the discussions above but continues to cover the perspective of transmedia narratology, real-
time narrative construction, interactive narratology, and so on. This sub-section only brings
out a granular view of her theory to help bring insights for the readers but fails to provide a
detailed and comprehensive inspection of the theories and their connections to the
numerical narrative game mechanics, as this would lead to a whole new research article.
Therefore, this section provides merely a starting point to notice the different
representations of contextual information and would require readers and practitioners to
further develop related knowledge and uses to prevent the flaws of this research’s theory.

5.4.3 The Possible Narratives and the Theory of Apophenia

Along with the discussions and considerations above, we inspected a series of
understandings that help provide contextual information to support the narrative
construction processes in a game. However, some theories consider narrative construction
from a different perspective regarding the completeness of information in a story. As we
have consistently stated throughout this research, there is a distance between the narrative
the authors aim to convey and the narrative that is constructed in the players’ minds (Bruni
and Baceviciute, 2013). When a game is experienced by a player, all the game state,
contextual information, and game mechanics provide the raw material for the player to
construct a narrative. But these raw materials, including the contextual information, only
provide possible narratives or a narrative space, and only by being interacted with and being
experienced by a player can these materials convey a certain narrative in this player’s mind.
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Building upon the theory of ludonarrative hermeneutics in interactive digital narrative
systems, Grinblat, Manning, and Kreminski extended the notion of reparative reading
proposed by Eve Sedgwick, and explained how players would understand and co-author the
narratives of a game via reparative play (2021). In the article, they first illustrated the
process of how some games provide narrative mysteries to players would invite them to
become an investigator to reveal the true narrative by constantly interacting with the game
and explaining the received information. These games, as stated by the researchers, usually
have a pre-defined overall narrative, and when players discover all the information related to
the game narrative, there would be a strictly defined narrative after all. On the other hand,
narrative sandbox games usually lack tight control over the overall game story, but instead,
introduce part-objects that do not define a complete narrative and invite players to assemble
or repair them into a meaningful narrative using their knowledge. In the same article, the
authors also brought up the notion of story volume, which is defined as a mapping in
narrative space of all possible stories a work of IDN can produce. This idea of story volume
coincides with the possible stories we discussed above, and the way of thinking about how
players understand in-game narratives by repairing the incomplete possible stories of a game
infers another point of view regarding authoring narrative via game mechanics, that a game
may generate a greater story volume for players to explore by introducing incomplete
information.

Another similar theory comes from the game development perspective. In a game developer
article by Tynan Sylvester focusing on stories generated in simulation games, the concept of
Apophenia was used to describe the situation in games where the player’s conscious
understanding of a game includes some events or meanings that are not implemented in the
game (2013). The apophenia was considered as observing meaningful patterns out of
meaningless representations, or a perception of personality and intent where there is none.
Considering the effect of apophenia during gameplay, a game with situations and
interactions between elements can bring players the raw materials to generate meanings
from. The important instruction proposed by Sylvester was related to managing the richness
of these relationships or information in a game. In his opinion, if a game produces very
complex situations and relationships between in-game elements, the players would have
many raw materials to generate stories from, but many stories could be left out unobserved
because of the incomprehensiveness of complex relationships. It is by this understanding
that the author contends that contextual information should be limited and carefully
controlled to help players observe interactions and generate meanings. The use of apophenia
may also apply to how we approach in-game representations of information, such as
graphical or aural game assets. In a later game developer’s conference talk by Sylvester, he
specifically mentioned how game assets such as item icons, character figures, and symbols
were made abstract and less detailed intentionally to give players room for interpretation
(2017, 00:16:38). This also relates to the cost and effect side of game development, where the
less detailed assets are easier to achieve, while also introduce more spaces for players to
interpret. The idea of apophenia was later reflected by Alexis Kennedy in a game developer
conference talk on a post-mortem design analysis of the game Cultist Simulator with more
guidelines and practical considerations (2019, 00:39:20).

All in all, the intention of the author to put out the concept of possible narratives and
apophenia is to add another critical perspective regarding providing information to the
players to generate stories. Instead of adding more and more information to make the game
realistic or become a pure simulation, we may instead limit the information that is exposed
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to the players in a sense that is easier for them to understand, make connections, and
generate meanings from, which is essentially utilizing the power of reparative play and
apophenia.

Last but not least, one may not establish the practices or useful guidelines regarding what
information to provide, and how to provide them to the players to elicit narrative meaning
generation processes in one go. With different game mechanics, different games may need
varied practices or considerations regarding the actual design of numerical narrative game
mechanics. Thus, the author contends that the concept of iterative development (Schell,
2019, pp. 95-120) is necessary not only to test out the existing game product but also to
verify ways of approaching narrative game mechanics in a specific game.

Section 5 ends here by presenting the theoretical framework focusing on the theories,
understandings, and considerations behind implementing numerical narrative game
mechanics in games in Figure 3. Due to limited space for the graph, the sections describing
how numbers can represent a reversal of meaning, the composited meaning of a target, and
the theory of Apophenia are not described in the graph.

Numerical Narrative Game Mechanics

From Mechanics to Narratives
Rules & Mechanics Contexts Narratives (mental images)
Rules deﬁr}e'—G.amE state and Game Dynamics EXPIHHHUO‘?S/ Logical séguences After Stories
Possibility space e e Understandings Players generate
o, narratives from <
Mechanics change Game state and Different Imaginations / conteas . .
ots . 3 Experiences Retellings
shape Possibility space Representations Illusions
Players’ knowledge affects how they generate Narratives \
Pre-existed Knowledge + Educated knowledge during game 4+ | Educated knowledge outside of gal&
Other game’s narratives, Game tutorials, Presented ways to narrate Game Retellings, Others’ narrative processes
Game literacy, etc. in-game mechanics and contexts, and perspectives related to this game.

An analytical perspective of Numerics and Numerical Mechanics

Properties and Potentials of Numerics Mechanics can be described as Functions

Ranges Representative [ Concrete Values Inputs Outputs Function Process

The meanings of these numbers and functions are crucial to conveying narratives.
Consider providing contexts to help players narrate the numerical mechanics.

Providing various contexts that lead to greater narratibility of numerical mechanics
Dimensions of Narratibility, where does narrative live? > Representations of contextual information
Spatial: within a world and related to its physical components. Semiotic: sensory channels - languages, images, and audios.
Temporal: conscious of time and transformation across time. Technological: devices and medias that convey these infos.
Mental: intelligent beings, emotions, motives, goals, plans, etc. Cultural: how culture and society affects the representation.
Formal: meaningfulness of the story, does it make any sense? For more info, please see Section 5.4.2 and Ryan’s work (2006).

Figure 3 Theoretical framework regarding Numerical Narrative Game
Mechanics
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6 Case Studies

For the readers to understand the theoretical framework proposed in the above section
better, this section shows case studies on the numerical mechanics of existing games that
elicit narrative constructions through a lens of the understanding of numerical narrative
game mechanics established above. The case studies would focus on the user-side experience
of these mechanics as well as the function of contextual information during the narrative
construction process.

6.1 Sanity in Call of Cthulhu

Call of Cthulhu (1981) is a horror fiction role-playing game that originated from H. P.
Lovecraft’s story The Call of Cthulhu (2016) and the Cthulhu Mythos (Lowell, 2004)
developed by his novels thereafter. It has been popularized since the end of the twentieth
century and influenced many players and game development teams. Abbreviated as CoC, the
game Call of Cthulhu oftentimes involves mechanics like character creation, skill-based
actions, and sanity checks (Wikipedia contributors, 2023). This section will focus on the
sanity mechanic in CoC as well as the associated designs around it. This research’s
knowledge regarding the mechanics of the game comes mainly from Wikipedia (2023), the
keeper rulebook (Petersen, Willis, and Mason, 2015), and online rule sets of CoC (Sanity, no
date; Sanity :: d2osrd.org, no date; Sanity | Call of Cthulhu d1oo | Obsidian Portal, 2013).

Due to its origination from writings, the narrative experience and mechanic design of the
CoC game was shaped by Lovecraft’s Cthulhu Mythos, which described a world full of secrets,
horror, and mysteries (Petersen, Willis, and Mason, 2015, p. 12). The Cthulhu Mythos
involves theological or cultist overtones in its world setting, within which the existence of
various kinds of gods and worships from humans toward these gods are articulated (Petersen,
Willis, and Mason, 2015, pp. 25-27). With a closer look at the earth, the location where most
stories happen, a great old one named Cthulhu was the most famous creation within this
mythos, who sleeps in a vast tomb at the bottom of the Pacific Ocean. Gods within the
Cthulhu mythos rarely connect meaningfulness with human beings, and ancient alien species
associated with these gods are barely understandable by human beings. It is also these
settings that contributed to the uncanniness, madness, and horror within the Cthulhu
Mythos.

The players of CoC oftentimes act as ordinary people that get drawn into the realm of this
uncanny world. The player characters are called investigators, and they possess various
characteristics that are used across the game sessions, which include the sanity value
(Petersen, Willis, and Mason, 2015, pp. 30-51). These characteristics are represented by
numbers with different names, such as strength, constitution, intelligence, and so on. Within
the rule book, one can observe how concrete values are specifically contextualized to give
more narrative meanings to these ranged numbers (Petersen, Willis, and Mason, 2015, p. 37).
As an example, a strength of zero means “unable to even stand up or lift a cup of tea”, 50
means “average human strength”, 99 means “world-class strength, human maximum”, 140
means “beyond human strength (gorilla or horse)”, and beyond. These concrete values and
contextual information associated already serve as a way of understanding the character in a
narrative sense. Different values of characteristics thus not only represent the current
conditions of the characters but also the possible narratives proposed by these numbers.
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The sanity value counts as one of the characteristics we discussed above. It represents the
degree of sane and rationality and is connected to how horror and madness are expressed
during play. The number sanity is an integer value with a range. The minimum sanity value
is always zero and stands for a permanent and incurable insane. The minimum sanity value
is ninety-nine subtracted from a character’s knowledge of the Cthulhu Mythos (Petersen,
Willis, and Mason, 2015, pp. 154-156). When gaining knowledge of Cthulhu Mythos for
possible later uses, the character also loses the chance of getting back to a high degree of
sanity, which expressed the corrupting nature of this knowledge to human beings. One
would notice that different concrete values of sanity are not specifically contextualized as the
number strength above, the author here contends it might be because the players would
always interact with sanity during play, and that it is more important to present how the
sanity value rises and drops across play to aid narrative construction.

The functions involved with sanity can be generally summarized as losing sanity, the effects
of insanity, and recovering from insanity. The character would lose sanity in several
situations, for example, encountering things that are unimaginable, suffering from a severe
shock, casting or learning a spell, reading a forbidden tome, and so on (Sanity :: d2osrd.org,
no date). At the moment, the player would need to roll a 1D100 to determine whether or not
to lose sanity points. A success is a role equal to or less than the investigator’s current sanity,
in which case the character won’t lose a sanity point or lose only a small amount. This
mechanic means that as the sanity gets lower, the chance of getting insane for each sanity
check gets greater, conveying a possible narrative of one being plunged into a quagmire of
fear.

The effects of insanity connect to other game states and mechanics of the game. When losing
sanity point, the character may lose self-control for a moment, and this loss of control is
manifested in various forms, such as crying out in terror, involuntary movement, freezing in
action, and so on (Petersen, Willis, and Mason, 2015, p. 154). If an investigator loses five or
more sanity points in one sanity roll, another intelligence roll will be initiated by the Keeper,
who is essentially the game master of the game, and determines if the character will become
temporarily insane. A high intelligence will mechanically lead to a lower chance of getting
temporarily insane, which means that the character has good skills or instincts against
damage to the mind. When an investigator loses at least a fifth of his current sanity in one
game day, the investigator becomes indefinitely insane, which means that the amount of
mental damage is uneasy to be absorbed. As we have stated above, when sanity becomes zero,
the investigator would become permanently insane, which usually means a tragic ending for
the character (Petersen, Willis, and Mason, 2015, p. 156). The above situations covered how
the effects of insanity would appear. Concrete effects of insanity are mainly described by two
phases of insanity that can be divided into a “short bout of madness” and “a longer period of
underlying insanity” that persists until the full recovery of the character.

When experiencing “a bout of madness”, the control of the character is handed from the
player to the Keeper. During this process, the character is protected because any subsequent
potential shock to the mental state will be forgotten or believed as the madness’s physical
representation. When experiencing this madness in real-time with other investigators, real-
time actions would be initiated to affect the real-time situations. The character may go
through amnesia, being violent, fleeing in panic, adding a new phobia, etc. After the madness,
specifically connecting to the personalized events, certain alternations to the character’s
backstory will be made to not only reflect this corruption of madness but also tie the
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character to the plot more strongly. Changes could relate to the character’s personal
description, ideology or beliefs, other significant people, meaningful locations, and many
more. These changes of character can be experienced not only during the time of the
madness but also in later situations. An underlying insanity would last for a certain time
following the shock experienced by an investigator and represent the fragility of the mental
state of the investigator. The player gains back control, but would again go through bouts of
madness when losing sanity point. Two side effects of insanity need to be explained here,
namely phobias and manias. Phobias and manias would not affect player actions when
they’re sane but would become significant during insane conditions. Facing the subject of
phobia would cause panic, and encountering the subject of mania would introduce obsessive
reactions. As an example, illustrated in the rule book, one character being a dipsomaniac
would be affected by alcohol in a place serving alcohol, and would take one penalty and die
on all rolls unless taking a drink (Petersen, Willis, and Mason, 2015, p. 162). Other effects
exist, such as delusions, compulsions, or amnesias. Concerning the limited scope of the
paper, the inspection of the mechanics related to the effects of sanity ends here. The author
contends that these long-lasting effects, such as phobias or manias, are also crucial for the
narrative construction of the game, as it provides causal, temporal, spatial, and mental
information through this insanity mechanic design.

Recovering from insanity happens after the actual shock to the investigator. Temporary
insanity would last 1D10 hours and cease to exist after some rest in a safe place. An indefinite
sanity often lasts for days or months and may be recovered via private care or
institutionalization, which again involves checks that determine the success or failure of the
treatment and consequences afterward.

There are many more conditions and detailed mechanics related to the value of sanity and
functions affecting sanity. The limited discussions above provided a lens and practice for
others to view the numerical mechanics associated with CoC, as well as how designers
provided the contextual information that helps construct a narrative during play. In a focus
on illustrating the impact of uncanny things on human beings, concepts, and situations were
selectively chosen to compose the main gameplay of CoC. The concept of sanity serves as a
crucial part of the game and supports mechanics related to human mental states,
psychological illness, and so on. How events change the value of sanity also possesses a
realistic basis, which also enhanced the relatedness of the actions and stories during play.
One unique point related to CoC is the involvement of the Keeper as well as the dynamic
construction of stories by all players including the Keeper. Although not quite related to
numerical game mechanics, the possibility to construct the story collaboratively and players’
ability to imagine and construct stories in real time is another building block for the
narrative success of CoC.

6.2 Compositional Numbers in Cultist Simulator

The game Cultist Simulator (2018) is a card-based video game created by Alexis Kennedy
that features experiences like puzzle-solving, exploration, simulation, and so on. It depicts a
world of mystery and cultist actions similar to Lovecraftian horror. During the gameplay
process, the player would discover and pursue various paths to immortality while avoiding
starvation, despair, or other life-threatening situations (Wikipedia contributors, 2023b).
Cultist Simulator provided a way to represent objects and concepts coherently via uses
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similar to the concept of compositional numbers we introduced above, which will be the
main focus of this case study section.

Cultist Simulator (2018) uses the form of cards to represent not only physical objects, but
also concepts, thoughts, characters, etc. The game provided six main actions for players to
interact with the cards. The actions consist of work, time passes, study, dream, explore, and
talk. Work mainly enables a player to work for earning money, fulfill commissions, or
perform rituals. Time passes automatically consumes money as time goes on and advances
seasons periodically. Study allows players to translate or read books, convert or merge lore
cards, and merge influence cards. Dream mainly allows the player to dream to mysterious
locations via the ways card, destroy dread or fascination card, and heal ill health. Explore
allows players to explore cities, history lore, or secret locations. Talk mainly involve
communications between the player and NPCs, the player’s cult, and so on to build cults,
hire believers, imprison characters, etc. (Actions — Cultist Simulator Wiki, no date)

The numbers associated with Cultist Simulator are mainly supported by the aspects of each
card. As Figure 4 shows, in addition to a name and textual description of the card, a line of
iconic figures serves as aspects describing the target. The aspect itself is not specifically
connected to a singular card, but represents the innate nature of the card. Different cards
have different sets of aspects, and each aspect may have a number associated to indicate the
weight of this aspect within the nature of the card. As an example, there is one card called
Shattered Risen in the game that can be summoned as a temporary follower via rituals. The
description of the card is as follows:

A rending force has dragged this corpse back to near-life. When it moves, it
crunches like broken glass. Its fists are claw-nests of bone-shards. It won’t
hold together for long.

Shattered Risen (no date)

According to the description, we know that this is a living dead that is capable of doing
damage via its fists. When looking at the aspects of this card, four aspects of Winter, four
aspects of Edge, and one aspect of Remnant show up (Shattered Risen, no date). The Winter
is described as:

Winter is the principle of silence, of endings, and of those things that are not
quite dead.

Winter (no date)
The Edge is described as:

All conquest occurs at the Edge. One who dwells there is blind, and cannot be
wounded. Another is strong, and grows stronger. [Edge is the principle of
battle and struggle.]

Edge (no date)
The Remnant is described as:

Once another wore this flesh.

Remnant (no date)
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From the textual definitions of these aspects, their associated graphical representations, and
their weights in Shattered Risen together indicate the nature of the card, that it is once the
flesh of a living being, that it can harm, and that it is not quite dead yet. This aspect of design,
in the author’s view, is one use of compositional numbers to represent converged meanings
via a composition of meanings.

,— Weary Detective

*Card name

-
5 |

the tin *Card discription

*Card aspects E Eﬁ |

ASpeCt: Grim *Aspect Descriptions

Grim Hunters cannot be swaved by the allure of

X

the Glory... but their own despair may destroy

them

Figure 4 Card description and aspects in Cultist Simulator (in-game footage)

The Winter aspect and Edge aspect are two of the nine principles in the game. The nine
principles connect with most parts of the game and are one of the core designs of the Cultist
Simulator. This research does not intend to give a comprehensive introduction to all these
principles but tries to focus on the mechanics associated with them as well as concrete
examples to provide readers with narrative contexts. In the game, principal aspects can be
usually seen in lore cards, tool cards, and character cards. One of the crucial contents in the
game is exploring, converting, and upgrading lore cards to fulfill the conditions to the
ascension victories (Endgame conditions - Cultist Simulator Wiki, no date). Each lore card
in the game has a main principal aspect with a constant weight, and a lore card with a higher
weight of its principal aspect stands for lore with higher magnitudes. Lore cards can be
found mainly by studying books, while other interactions are available to find lore cards. A
higher magnitude can be achieved by upgrading the same lore cards or subverting different
lore cards with the same magnitude. Lore cards with the same aspects but different
magnitudes are essentially different lore cards that point to changed meanings. Upgrading or
subverting lore cards will also initiate challenges that would require the player to provide
additional cards to be able to successfully get the higher magnitude lore card as a result. The
rules of subverting principles are more complex and interconnected, which will be discussed
in an example later. One can also downgrade a lore to get two lore cards with reduced
magnitude by studying a lore card of level 4 or higher with a reason card. In essence, the
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numbers within the lore cards are integers that can be added or reduced, and the functions
of increasing or decreasing this number are used across the game.

How the game contextualizes each principal aspect, functions associated with these aspects
in the game, and requirements during actions are crucial for the narrative construction of the
game. As an example, one of the principal aspects in the game is called Lantern, described by
the game as: “Life is a pure flame, and we live by an invisible Sun within us.” — Thomas
Brown [Lantern is the principle of the secret place sometimes called the House of the Sun,
and the light above it.]” This description sets the tone of the Lantern aspect as mysterious as
one full of secrets. It is also worth noting here that this sole description does not fully capture
the full meaning of the Lantern aspect, as its meaning is also reflected in different lore cards.
That is to say, the complete understanding of the aspect Lantern is dynamically shaped while
players perceive other cards that possess the Lantern aspect. The lore card “A Watchman’s
Secret” with two Lantern aspects could be upgraded to “A Mansus-Glimpse” with four
Lantern aspects if challenges are overcome by the player. Upgrading Lantern lore cards of all
magnitude will initiate a Knowledge challenge, which requires a player to solve using either
the card Erudition or the card Library, narratively presenting this solution as a process of
finding useful knowledge to understand higher-level lore. Illumination challenge will also
need to be completed to upgrade the Lantern lore card of the sixth level or higher, using a
Fascination card, a Library card, or a Rarefied Mind skill card. A paradox resolution
challenge will also appear if a player is upgrading lore with ten Lantern aspects or higher,
which requires a Passion card, a Sanctuary card, or an Open Soul skill card.

By reviewing these challenges and their required cards while getting higher levels of lore
cards, one can sense its shift from acquiring pure knowledge to something related to
imagination or religious beliefs. This also coincides with the game’s thematic narrative
experience, as the player would reach God-like places and religious rituals while reaching the
end goal.

There is another rule involved in the process of subverting the lore cards. In the game, a
lore’s principle can be completely transformed into another principle by subverting it using
another lore with the same magnitude. The specific rule is that in common cases, one lore
can only subvert another lore, and can only be subverted by another lore, explained in Figure
5. As an example, the Lantern can only subvert Moth, and can only be subverted by Forge.
The game provided explanatory texts regarding this subverting action to rationalize and
narrativize this function. When subverting Lantern using Forge, the description is shown as:
“The magus Julian Coseley claims the Forge of Days split the Sun. Perhaps he was right.
[This will create Forge lore instead of Lantern.]”. At the same time, when a player discovers
these principles as well as the meanings related to the principles, they may actively find the
causality of these functions and rules. As an example, one would reason that the Lantern can
subvert the Moth because lanterns attract moths in real life. Throughout this description of
the mechanics and the contextual information provided by the game, we can see that these
numerical mechanics not only serve function purposes of enabling players to assemble lore
cards of a different magnitude to achieve goals in the game but are also provided reasons,
meanings, and narratives through the author’s use of names, texts, abstracted explanations,
and so on.
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Each lore can be changed into another aspect

Wlth . will convert it into second .

Any lore comblned w:th ‘ becomes

O

./ can only be merged or broken down Wlth Reason

Figure 5 The mechanics related to lore cards and aspects in Cultist Simulator
(community drawing on Reddit)

6.3 Numerical Narrative Mechanics in Scroll of Taiwu

Scroll of Taiwu is a role-playing game developed by Chinese indie developer ConchShip
Games and was released in early access on September 20, 2018. Its content was based on
Chinese martial arts and mythology. Within the game, the players would play as one of the
successors of a weapon that can contain one’s soul and preserve the knowledge learned by
the souls. From a nobody living in a hidden valley, the player can go to various places and
factions to learn different forms of martial arts to finally save the world from evil by
defeating the enemies along the way. Besides the main goal illustrated above, Scroll of Taiwu
mainly involves simulations of people living in a historical Chinese society, including solving
the problem of survival, developing relationships with other people and factions, as well as
learning and practicing martial arts to achieve victories in battle. Scroll of Taiwu is a complex
game with many game systems that interconnect each other, which would make it difficult to
give a comprehensive introduction to its mechanics. Though at the same time, it features
many designs and mechanics that coincide with this research’s understanding of narrative
numerical game mechanics. Considering the limited length, this section will focus on the
system of learning martial arts and doing combat. Another thing to note is the
unimplemented English version of Scroll of Taiwu wiki, which is partly due to the game’s
lack of English translation. As a result, this section mainly cites the Chinese version wiki
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(Scroll of Taiwu Chinese Wiki, no date), and tries to give more in-game footage as well as
detailed description regarding the mechanics and concepts.

There are various martial arts in the game, categorized mainly as ones that involve building
internal strength of the human body, ones that involve external use of weapons and the
developed body strength, and ones that involve one’s movement ability during combat. The
first category is called internal skill or internal strength which aims at improving a human’s
internal organs and building a basis for external skill and strength. The second category can
be called external skill or external strength, which is mainly the techniques of using different
weapons like arms, legs, knives, swords, and so on. The third category can be called light
works or light skills, which tells one how to mobilize the body to move quickly or even run on
water. Building upon this conceptual framework that can be usually seen in Chinese martial
art or immortality novels, the game used various numerical representations and mechanics
to support a reconstruction of a world of Chinese martial art.

To begin learning a new martial art. One would need to get the book that documents it.
During the game, one would mainly get these books by approaching different factions of
various regions. This is where the first numerical element called faction support appears,
which describes the degree of this faction’s approval of the player’s character. In usual cases,
the player can only learn new martial arts when its faction support is higher than a certain
value. At the same time, a higher value of faction support threshold corresponds to being
able to learn a rarer and stronger martial art. One can see this relationship once opening up
the faction page on each region’s faction as Figure 6 suggests below. The top row shows the
current status of the player’s faction support, which corresponds to the learnable martial arts
categorized and listed below. In this figure’s case, the current faction support of the player is
at 70%, and the maximum support, which is confined by the player’s progress through the
mainline, is also at 70%. The player is thus able to learn at most seven levels of martial arts
provided by this faction, not including the topmost two levels of martial arts. To increase the
faction's support, one would need to approach different faction members in nearby places
and try to get their support. Different people would require different kinds of offers to
provide players their support, which is determined by the second numerical element we
would be illustrating, their moral or social standpoints.
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*0One can normally learn only the martial arts unlocked by the faction support (see the
connection between the faction and positions of these martial arts)

Figure 6 Numerical mechanics related to faction and martial art learning in
Scroll of Taiwu

Each human character in the game would have a social standpoint value, which is a one-
dimensional value showing one’s societal or moral attitude toward living in the world. There
are five concrete values associated with this societal attitude number, respectively being
Upright, Kind, Moderate, Rebellious, and Egotistic. One can choose to set the attitude to a
value between these five concrete ones when creating a character as Figure 7 shows below.
The Upright sits left-most, and the Egotistic sits right-most, indicating two extreme
tendencies when approaching social interactions. In the case of the figure below, the
character’s main attitude, which is determined by the closest concrete attitude provided by
the game, is Moderate. The precise attitude sits in between Kind and Moderate, which means
a slight tendency towards Upright and being Kind. The game also describes each of the five
attitudes, the description of Moderate can be translated as: “The moderate and non-
interfering person deals with things impartially. Everything is left to follow its natural course,
seeking only to reconcile and harmonize. With no distinction between right and wrong in
their mind, perhaps they will eventually achieve the great enlightenment?”.
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-

*Social Stand point selection bar
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Figure 7 Numerical slider describing one’s social standpoint in Scroll of Taiwu

Connecting the societal attitude with how different people would require various offers to the
player to provide their factional support, one would perceive the influence of this attitude in
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the game’s society. When the NPC is being Upright, he or she would require the player to
successfully defeat or take five moves of the character. When the NPC is being Kind, the
player needs to defeat the character by competing for artistic skills. When the NPC is being
Moderate, he or she would ask for a certain amount of money from the player to provide
support. Different conditions exist for Rebellious and Egotistic (Faction | Scroll of Taiwu
Wiki | Fandom, no date).

When getting the needed factional support and the book associated with martial art, the
player can begin to learn a new martial art. Just like people who learn from a book would
need time to understand the knowledge and practice to better comprehend the uses of the
knowledge, books in Scroll of Taiwu need players to devote time to learning and practicing
the martial arts. One can specify the book the character is reading by an in-game user
interface as shown in Figure 8 below. In this case, the left part shows all of the books the
character has, and the middle part shows the chosen book’s name, description, and chapter
conditions. The book in this case is composed of four complete chapters, one incomplete
chapter, and one completely missing chapter. Another important number here is the “23/23”
durability value, which indicates how many months the character can read the book. Once
selected one book to read, the game progress the reading each time a month passes in the
game. The three levels of completeness of book chapters influence the speed of the
progression of reading. Complete chapters require minimal effort to learn, incomplete
chapters would require more time, and completely missing chapters won’t progress the
reading process in common cases. The speed of reading by the character is also influenced by
the book’s rarity as well as the character’s existing knowledge of the category of this martial
art, one can observe one character’s current knowledge graphically as Figure 9 below. By
utilizing these numbers and their effects on one character’s learning of a book. The game can
tell various narratives by showing the whole process of learning including finding a book,
understanding the chapters, trying to understand the missing knowledge by acquiring the
same book with a different chapter composition, struggling to understand a piece of
knowledge due to limited knowledge to the current field, and so on.
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Figure 8 The interface describing the process of reading books in Scroll of
Taiwu
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Figure 9 Current status of one’s knowledge levels in Scroll of Taiwu

After learning several martial arts, the player can practice and use them during combats. The
combat system of Scroll of Taiwu is also complex and would involve other game systems,
due to this fact, this part of the section will only describe several insightful mechanics and
dynamics related to combat generally, rather than explaining the exact rules and mechanics
in detail. During combat, four types of damage can be applied to a character, which are inner
damage, outer damage, mental damage, and poison damage. Outer damages correspond to
the damage to one’s outer body, as opposed to inner damage’s effect on the inner body.

38



Mental damages would cause only mental stress onto characters, but would not harm one’s
life. Poison damages are the representation of one’s body getting disturbed by the poison
infilled. All these damages would aggregate on the same Defeat Mark bar, which would cause
the character to lose or die if the bar is fully occupied during combat. One example can be
seen in Figure 10 below. In the figure’s case, the character is taking six outer damages. The
outer or inner damages with a blood token indicate actual damage to the body, while ones
with dots correspond to weak points usually caused by the opponent’s attacks. The difference
between actual damage and weak point lies in the time they would persist. Actual damages
would live on if not cured actively by the character, and weak points will cease to exist if a
certain time passes during combat. Outer or inner damages will always be applied to
individual body parts, and have a maximum damage amount of six for each body part. A
concrete damage amount of six was contextualized as “destroyed”, meaning that this body
part is unable to use and cannot be recovered after the battle. The other two damage types
have expanded the narrative meaning of combats in Scroll of Taiwu, as mental damage can
be caused by musical instruments or Taoist spells, and poison damage can be caused by
casting poisonous dust or using poisoned weapons. One could play affecting music using a
seven-stringed Chinese instrument to build up the mental damage marks and win combat.
The narrative is thus represented as a person eliciting the sad feelings within the opponent’s
mind and causing the opponent to drop the weapon and give up the battle. Till this point, we
only touched upon the surface of the combat system in Scroll of Taiwu. The multiplicity of
martial arts and special moves that the game provides has implemented the base materials
for the player to experience the many kinds of narratives in different situations due to
various compositions of abilities and skills learned by both the player and the opponent.
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Figure 10 Defeat mark bar in Scroll of Taiwu (upper-middle position)

This section has introduced briefly the related numerical mechanics along the process of the
player’s finding, learning, and using martial arts in the game. Due to the concern about the
readability of this section, the text ends here and encourages readers to experience how these
numbers with names and numerical interactions reflected the narratives the authors aimed
to tell the player. One of the drawbacks of this case study is that if the reader is unfamiliar
with Chinese martial art and mythology novels, he or she may lack the knowledge that fills
the gap between the introduced numerical narrative game mechanics and the complete
narrative during play. Due to this reason, the research calls for the reader to examine the
item designs and ability systems connected to numerical narrative game mechanics in games
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like Magic: The Gathering (1993), Enter the Gungeon (2016), The Binding of Isaac: Rebirth
(2014), Hollow Knight (2017), and so on.
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7 Analysis

To reduce misunderstanding and settle down the exact concepts related to this research’s
focus, the definitions of concepts such as game mechanics, narrative, and numerical
mechanics are given at the start of the main content of this paper. By looking into four main
topics related to not only the concept of numerical narrative game mechanics, but also game
development, user experience, and semiotics, this research developed a theoretical
framework that described how game mechanics can help convey narratives in games, the role
of the player during the narrative process and practical considerations within actual game
development process, ways to analytically view numbers and numerical mechanics in games,
and how to empower the narratability of numerical game mechanics.

To help readers better understand the theoretical framework and its possible uses, as well as
present the applicability of the framework to various games, three cases studies were
conducted focusing on existing game mechanics and using the theoretical framework to
structure and examine how these games provided greater narratability for these mechanics.
Along the way, the theoretical framework was retrospectively examined while looking into
various games that featured numerical mechanics and narratives that emerged from them.

Just as the problem statement of this research, the theories and practical considerations are
both crucial for other practitioners to understand and utilize the concept of numerical
narrative game mechanics during game design and development. The author would contend
that this theoretical framework took actual game development and game design process and
perspective in mind, and tried to come up with argumentative points of view by
understanding narrative theories and existing sources on similar topics.

However, due to a lack of a more rigorous examination of the actual applicability or usability
of this theoretical framework, this research cannot provide a sense of how this framework
would help people approach well-established numerical narrative game mechanics. If time
and resources are sufficient, the author would certainly conduct qualitative interviews with
actual game designers and narrative designers in the game industry to help this framework
evolve toward a more usable and practical state.

Although the actual practical value of this framework in game development remains unclear
due to unimplemented qualitative analysis, the author would certainly not agree that this
research serves little value. Besides using the framework as a lens to examine existing games’
mechanics and narrative development, practitioners can use it to guide the design process by
looking at the theories behind this framework. For example, while developing numerical
mechanics, one can more carefully think about the actual ways to present information to the
player. By comparing the existing design of a game to this theoretical framework, people can
find possible solutions or ideas to use. In this case, different representations of contextual
information could be useful. One can also ask questions and use the framework as a
knowledge base. When thinking about the presentation of a number, what can be its name of
it, and does it help to present the number via visual elements? Sometimes, the answers can
be found in the framework and the theories behind it.

Another perspective that the author finds out after developing this framework is how
different concepts can provide new insights for narrative and mechanic design. Throughout
the process of this research, various concepts are compared and examined carefully by
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considering these concepts’ definitions, usability in game design, and their actual uses in
games. As an example, the name of a number in a game can oftentimes serve as a starting
point for a player to make sense of the narrative of the game. The framework illustrated this
point by pointing to the importance of the definition of numbers and function as well as how
existing games enacted interesting names for their numerical mechanics and elements. By
understanding this point, practitioners may think more deeply while approaching numbers
in the game design process. Just at the moment that this framework changed how others
perceive the design process of numerical narrative game mechanics, it has proved its use.
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8 Conclusions

8.1 Summary

This research started based on the concept of narrative game mechanics proposed by
Dubbelman (2016) and aims to extract theoretical and practical considerations of narrative
game mechanics that are supported by numerical elements in games, namely numerical
narrative game mechanics. The research sees the lack of practical guidelines in the theory by
Dubbelman (2016) and looked into narrative theories considering interactive media such as
games as well as game design and development methodologies by practitioners, which are
reflected in the development and presentation of the theoretical framework.

As a starting point, the research illustrated the formal definitions of narrative, game
mechanics, game state, and numerical narrative game mechanics not only to reduce
misunderstandings but also to serve as a basis for further development of the theoretical
framework. The crucial standpoint of this research is to understand narrative as a mental
construct within people’s minds in reaction to a constructed target that elicits
understandings and interpretations.

The development of the theoretical framework concerned mainly four topics, the first being
the game mechanics and the narrative process. This section tries to fill the gap between the
game mechanics and generated narratives within players’ minds by introducing the MDA
framework and its relationships with narratives. The research contends that the dynamics
formed during the gameplay process can be treated as contextual information that supports
narrative constructions. This idea is supported by other theories such as ludonarrative
hermeneutics by Roth, Nuenen, and Koenitz (2018) and narrative intelligibility and closure
theory by Bruni and Baceviciute (2013) due to their focus on the ongoing cognitive
interactions between the users, the constructed system, and the authors of the system.

Based on the notion that mechanics could help form contextual information that supports
narrative construction, the important role of the player shall not be neglected. Hence, the
second part of the framework concerns the properties of players and how their knowledge
affects the narrative construction processes. By dividing the player knowledge into pre-
existed ones and educated ones, the framework formulated two ways for practitioners to
consider the players. Firstly, pre-existed knowledge connects with the concepts of target
player group, affordances theory, and focus-group playtesting methods. Secondly, the notion
of educated knowledge calls for designers to actively guide players ways to narrate in-game
elements and contexts through explicit methods like in-game tutorials, or implicit methods
that nudge players toward ways to generate stories.

The third part of the framework examines the numerical mechanics specifically to provide
designers with useful insights while designing numerical narrative game mechanics. The
research took an analytical perspective toward understanding numbers and mechanics in
games. Each numerical element in a game can have a definition, ranges, and concrete values
that represent concrete meanings. Mechanics, that usually change the game state, can be
described by functions comprised of definition, numerical inputs and outputs, and the
function process. Each analytical part of a numerical element or function connects with
narrative construction and meaning conveyance when combined with contextual
information provided by the authors of a game. Besides, the research also points out how
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zero values can represent a sudden change in the meaning of a value, and how numbers can
help form an understanding of unity when jointly used to describe the same target.

The final part of the framework then dives into the concept of narratability and contextual
information. To better help players experience stories within their minds, one shall
understand through what unique processes players feel the narratives. Or in other words, to
understand the properties that contribute to one target’s narratability. The research
introduces Ryan’s theory that divides these properties into four directions, which are spatial,
temporal, mental, and formal. After examining these four directions to form an
understanding of how to improve a game’s narratability, one should also consider the actual
media or representations of the in-game information. Again, Ryan’s theory provided a strong
argument regarding this topic. By giving an overview of her theory, the research introduced
three ways to separate media. The first is semiotic, which divides media by sensory channels
of humans into language, graphics, and audio. The second division comes to technologies
that supported the conveyance of information, such as oral discussion, printing technology,
and filming technology. The third part concerns the cultural perspective of media which sees
different media that are separated by cultural understandings and conventions. Last but not
least, one should not forget that in-game dynamics are also contextual information formed
via user interactions and mechanical processes.

These four dimensions related to numerical narrative game mechanics represent the main
contribution of this research project and are summarized graphically at the end of Section 5.
Just as Section 7 stated, three case studies were conducted focusing on illustrating game
mechanics and applying the theoretical framework to examine how these games provided
greater narratability for these mechanics. By completing these descriptive case studies using
the notions and theories of the framework, the research improved the applicability of the
theoretical framework and provided a blueprint for others to use the framework practically
during game development or analysis.

8.2 Discussion

According to Ryan in Narrative across Media (2004, p. 10), of all the semiotic codes,
language is the best suited to storytelling. This argument implies that game mechanics as a
narrative device can be less competent compared to language in terms of representational
power. In this case, why use game mechanics to support narratives?

One reason, the author argues, is to incorporate narrative within the gameplay progress, or
to embody narratives into game mechanics. In this case, it is not for purely writing a
narrative, but for producing stories in the context of games. As an example, a game designer
who hopes to improve his or her existing game’s narrative experiences would only consider
ways that do not exclude the form of a game.

Another reason is related to the ability of game mechanics. Game mechanics connects with
the rules, the possibilities of actions, and a space of possible game states, by which narrative
game mechanics can then produce a narrative space that can construct various possible
stories. In other words, a bigger narrative space or narrative volume can be supported by the
nature of game mechanics, and certain players' inputs represent a traversal within this space.
This is particularly different from media like traditional text or film which are more definite
in terms of outcoming stories when produced. This is reflected by Ryan in a later discussion
about other media that support narratives (2004, p. 12), that certain media possesses unique
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abilities to represent certain meanings better. This idea can also be seen in Kreminski and
Mateas’s article (2021).

Still, the lack of code, grammar, or syntactic rules of game mechanics to represent concrete
meanings will be faced by practitioners when approaching narrative game mechanics. This
departure from precise representation may seem less promising, but with the notion of
Apophenia (Sylvester, 2013) in mind, it again introduces more possibilities for interpretation,
which can be valuable for a game that aims at producing multiple interpretations.

The theoretical foundation of the framework may not be strongly argumentative, as the
author lacks a deep foundation in narrative theories or cognitive sciences. Rather, the author
chooses to adopt the existing understanding of the narrative construction process and
connects them with game design concepts, computer sciences’ understanding of numbers
and functions, and game development conventions and practices. There are many more
practical considerations and theoretical thoughts behind implementing interactive
storytelling in games that can connect to numerical game mechanics that this article fails to
provide because of the limited time, resources, and knowledge of the author. But the sections
above have established a view on implementing narrative numerical game mechanics
regarding perspectives like semiotics, media production, game development, and player
experiences. At the same time, theories focusing on these perspectives were introduced to
help readers understand the process of the interplay between game mechanics, numbers,
and narratives and achieve narrative authoring via numerical game mechanics guided by
various perspectives and frameworks. The theories provided may not be comprehensive, but
the practice of this research could generate a way of thinking regarding designing narratives
in games with both theoretical and practical considerations in mind, and it is only by actively
practiced and critically considered by the readers that this research can aid the narrative
development in games.

Lastly, this research didn’t touch upon the area of narrative authoring or guidelines
regarding how to construct a narrative in a game through a workflow, which is equally
important to help the design of narratives in games. Again, narrative authoring within games
is a complex process not only because of how deep narrative theories can go but also because
of the complexity of the game development process which could involve many fields and
occupations. This research only completes a piece of knowledge towards authoring
numerical narrative game mechanics and hopes to see more potential and understanding in
the future.

8.3 Future Work

As discussed in the problem statement as well as the analysis section of this article, this
research project focused more on theoretical exploration and development with certain
focuses on game development practices, but couldn’t provide solid arguments to prove the
applicability of this theoretical framework. The case studies helped present the usability of
this framework, but it is only through other people’s uses and understandings of the
framework can the actual applicability be revealed.

Building upon the understanding above, the future work of this research can be separated in
two ways. The first one focuses on whether or not others understand this framework and its
related concepts. This question can be answered by conducting qualitative interviews as well
as questionaries to test whether or not one could connect certain concepts with actual game
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elements. Another research direction would be improving the result of this research by
discussing with narrative designers and game designers within the industry to improve the
practical value of the framework.

Besides conducting tests with others, an actual game prototype can also be implemented
with notions of the framework in mind. The actual implementation process should be
carefully noted down for one to examine the actual impact of the framework during the
design process. After completing the prototype, tests can also be done to see whether players
generate the desired narratives proposed by the author.
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